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Abstract

Context:

Infectious complications of invasive procedures affect patient outcomes adversely. Choice of antiseptic
solution at the time of insertion is one of the major factors affecting their incidence.

Aims:

This study was undertaken to compare efficacy of chlorhexidine 2% and povidone iodine 10% for skin
disinfection prior to placement of epidural and central venous catheters (CVCs).

Settings and Design:

A prospective randomised trial in the operating rooms of a tertiary referral cancer centre.

Methods:

Sixty consecutive adult patients undergoing elective oncosurgery requiring placement of epidural and
CVCs were enrolled. Paired skin swabs were collected before and after application of the antiseptic
solution. The samples were incubated in McConkey's media and blood agar at 35°C for up to 24 h. Any
bacterial growth was graded as: <10 colonies - poor growth, 10-50 colonies - moderate growth and >50
colonies as heavy growth. Data on demographics and antibiotic prophylaxis and costs was collected for all
patients.

Statistical Analysis:

Student's t-test and Mann-Whitney tests were used to analyse data, P<0.05 was considered significant.

Results:

Demographics and antibiotic prophylaxis use was similar in both groups. Before application of antiseptic
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solution, a variety of micro-organisms were grown from most patients with growth ranging from none-
heavy. No organism was grown after application of either antiseptic solution from any patient.

Conclusions:

We found no differences between 2% chlorhexidine and 10% povidone-iodine for skin disinfection in
regard to costs, efficacy or side-effects.
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INTRODUCTION

Infectious complications of indwelling devices are well-known. Central venous catheter (CVC) related
bacteraemia remains an important and serious complication of CVC insertion.[1] The incidence of
infectious complications with epidural catheters is very low. However, when it occurs, it can have
disastrous implications for patients.[2] A variety of factors[3] affect the occurrence of catheter related
blood stream infections (CRBSI). Vast majority of infections are linked to invasion of tissue by micro-
organisms (mainly patient's own skin flora) via the trans-cutaneous insertion track of the device. Therefore,
use of appropriate cutaneous antisepsis at the time of catheter insertion and subsequent catheter care
remain important measures for preventing such infections. There are conflicting reports regarding preferred
agent for cutaneous antisepsis, but among the commonly used solutions are 10% aqueous solution of
povidone iodine and 2% chlorhexidene in alcohol. Our primary aim therefore was to compare the efficacy
of these agents for cutaneous antisepsis. The secondary outcomes were contact time and cost difference.

METHODS

This prospective randomised controlled trial was conducted in a tertiary referral cancer centre; after
obtaining waiver of informed consent from the Hospital Scientific Review Committee and Ethics
Committee; over a period of three months. Sixty consecutive adult patients (a convenience sample) posted
for elective surgery and in whom insertion of epidural or CVC was indicated were included. Patients with
known allergy to either study drug or with coagulopathy or local infection were excluded. In our hospital,
pre-operatively all patients are given bath with soap and water without antiseptic rub.

These patients were randomised in two groups according to a computer generated random numbers list
prepared by our Clinical Research Secretariat-Chlorhexidine Group (CG - Chlorhexidine gluconate 2% in
80% alcohol - AHD™ 3000) and povidone iodine group (PVIG - 10% aqueous solution of povidone
iodine-Wokadine™ 10%). Intravenous access was secured and the person performing the procedure took
full aseptic precautions: Thorough timed scrubbing, cap, mask, sterile gown and gloves. After positioning
the patient, a skin swab was obtained from the site (epidural or central venous) of catheter insertion, then
skin was cleaned vigorously by applying the selected antiseptic solution over an area of approximately
>500 cm  for at least 15 s and the solution was allowed to dry. Sterile drapes were placed around the site
and the area cleaned again with the same antiseptic solution. A second swab was taken after wiping the
area with a sterile gauze piece. Then, the clinician proceeded with the planned procedure. Time of contact
(time from application to drying) for each antiseptic solution during each procedure was noted. The paired
swabs, appropriately labelled, were sent to the Microbiology Department for immediate processing. The
samples were incubated on McConkey's media and blood agar at 35°C for 24 h. The microbiologist
reporting the growth pattern was unaware of group assignment of the patient. If growth occurred; it was
graded as follows: <10 colonies - poor growth, 10-50 colonies - moderate growth and >50 colonies as
heavy growth. Any side-effects such as development of cutaneous rash, etc., were recorded. Other
variables such as demographic data, haemogram values, antibiotics received were noted. The cost of
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cutaneous antisepsis was calculated for each patient.

Statistical analysis

Student's t-test and Mann-Whitney Test were used to analyse data after ascertaining normal distribution of
data; using SPSS version 16. A P<0.05 was considered significant.

RESULTS

This prospective randomised observational study was conducted over a period of 3 months at a tertiary
referral cancer hospital in 60 adult patients. The demographics [Table 1], antibiotic prophylaxis, sites of
epidural and CVC placement [Table 2] were similar in both groups. Out of 30 patients in chlorhexidine 2%
group, prior to application of antiseptic, 10 samples had heavy growth, 5 samples had moderate growth, 7
samples had poor growth, 8 samples had no growth while in povidone iodine 10% group, out of 30
patients, 6 had heavy growth, 9 had moderate growth, 3 had poor growthand 12 had swabs which had no
growth [Table 3]. Table 4 lists the organisms grown from skin swabs taken before application of antiseptic
solutions. After application of antiseptic, there was no growth from any of the swabs in either group. The
time of contact was much longer in the Povidone-Iodine group (150.0±9.26 s vs. 60.33±9.28 s P<0.001 by
Mann-Whitney test). There were no side-effects in either group.

DISCUSSION

We compared 2% chlorhexidine in alcohol with 10% povidone-iodine aqueous solution for cutaneous
antisepsis. Most patients’ swabs led to bacterial growth before but not after application of either antiseptic
solution, indicating equal efficacy. Drying time was faster for 2% chlorhexidine and the costs were only
marginally different.

In the PVP-Iodine complex, iodine exists as total iodine, which is a combination of negatively charged
iodide and available iodine, i.e., all species, which may be titrated with sodium thiosulfate. Very little free
iodine is present in the solution, which explains the low toxicity. Povidone-iodine exerts it's antiseptic
properties in two ways, first it substitutes the covalently bound hydrogen groups such as-OH, -NH, -SH, or
CH groups. Second povidone is an iodophor and it reacts with the oxygen containing functional groups.
Free iodine determines the bactericidal activity; total iodine determines the ability to kill bacteria. Iodine
solutions have rapid, broad-spectrum antimicrobial activity against bacteria, viruses, and fungi. It quickly
penetrates micro-organisms and attacks neucleotides, fatty acids and thiol groups. It inhibits protein
synthesis by oxidizing the thiol group.[4] Chlorhexidine is a cationic biguanide that binds to the negatively
charged surface of bacterial cell wall leading to alteration in permeability, which leads to leakage of
cytoplasmic contents and finally cell death.[5]

Aromaa et al.[6] reported that the incidence of bacterial infection of the central nervous system after
epidural and spinal anaesthesia was 1.1 per 100,000. A recent review article[2] found that the incidence of
neuraxial block associated infections is on the rise. The incidence CRBSI in ICUs is about 3%, however, it
may reach as high as 16%. This translates in to 2-30 episodes of CRBSI per 1000 catheter days.[1] Many
factors influence[7] the occurrence of these complications.

All our patients were immune-competent, and received pre-operative antibiotics. It is unlikely that the
prophylactic antibiotics prevented bacterial growth in the second sample since we did get growth in almost
all samples taken before antiseptic application and temporally the two swabs were closely related. Thus,
the absence of growth from the second swab is a direct result of efficacy of the antiseptic agents, without
any confounding factors.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3748682/table/T1/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3748682/table/T2/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3748682/table/T3/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3748682/table/T4/
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The literature on efficacy of these agents is conflicting. Some studies[8,9,10] found alcohol based
chlorhexidine (0.5-2%) to be superior to povidone-iodine 10% for cutaneous antisepsis. Mimoz et al.[8]
assigned patients to skin preparation with 0.5% chlorhexidine in alcohol or povidone-iodine in an aqueous
solution. The contamination rates were much lower in the chlorhexidine group ([1.4% vs. 3.3%]; odds
ratio, 0.40 [95% CI, 0.21-0.75]; P=0.004). In patients undergoing clean-contaminated surgery[9] skin
preparation with chlorhexidine led to lower incidence of surgical site infections (9.5% vs. 16.1%; P=0.004)
compared to that with povidone-iodine. Similarly, in-patients undergoing amniocentesis 2% chlorhexidine
reduced the colony count more than the povidone iodine solution.[10]

In contrast, several studies suggest that both agents are equally effective. A prospective study[11] observed
the impact of povidone-iodine on residual bacteria and development of post-operative surgical site
infections. Of the 1014 swabs taken, 3.6% showed positive cultures and this had no correlation with the
development of post-operative surgical site infection (4.04%). Langgartner et al.[12] found that sequential
application of chlorhexidine 0.5% in alcohol followed by povidone-iodine was better than either agents
used alone. The catheter tip bacterial colonization rate was 4.7% with the combination as compared to
30.8% (Povidone-Iodine 10%) and 24.4% (Chlorhexidine). For cutaneous antisepsis in patients undergoing
hernia surgery,[13] both chlorhexidine in alcohol and povidone iodine led to similar reductions in skin
bacterial colony counts and the infection rates were similar (9.5% vs. 7.0%, P=0.364). Girard et al.[14]
evaluated the effect of povidone-iodine (1 year) and chlorhexidine over the next year for CVC related
infections. They found significant reduction in colonization with chlorhexidine (1.12 vs. 1.55 P=0.041),
however, the reduction in CVC related infections and bacteraemia was non-significant. Another study[15]
showed no difference between the two and concluded that chlorhexidine 0.5% was ‘as effective as’
povidone-iodine 10%.

Two meta-analyses have shown the superiority of chlorhexidine over povidone iodine in vascular catheter
site care[16] and pre-operative abdominal wall antisepsis[17] in patients undergoing clean contaminated
abdominal surgery.

There are problems in interpreting these studies - the chlorhexidine preparations used vary from 0.5 to 2 to
4%.[18] However, these different solutions provide a concentration at the effector site, which exceeds
minimal inhibitory concentrations needed for the usual nosocomial bacteria and yeast. The comparators are
similarly different: Povidone iodine in alcohol or in aqueous solutions. Apart from studies which looked at
the bacterial growth or colony counts the studies defined catheter associated blood stream infections
differently.[16] The study population and study end-points for antiseptic use were also different.[9,13]

Staphylococcus epidermidis is the most common skin commensal.[19] However, Staphylococcus aureus
was the most common causative organism in epidural infections in a large systematic review on epidural
abscesses.[20] In CRBSI,[21] coagulase-negative staphylococci are responsible for 37-60% of infections
while staphylococcus aureus is isolated from 5-12%. This may be because Staphylococcus aureus is more
resistant to cutaneous disinfectants than other skin micro-organisms, or that the bactericidal effect of some
disinfectants may not be rapid enough to prevent inoculation of Staphylococcus aureus into the epidural
space.[22]

In an experimental study, Zamora et al.[23] demonstrated an inhibition of bactericidal activity of
povidone-iodine due to interaction with blood and other proteinaceous material in vitro. They hypothesized
that organic material present in the blood may have bound to iodine leading to reduced amount of free
iodine for bactericidal effect. A later study[24] clearly demonstrated that when used for hand washing; in
presence of blood, both chlorhexidine and isopropyl alcohol reduced colonizing flora of the hands whereas,
povidone iodine did not. They suggested that this may be of particular importance in emergency situation
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when proper hand washing facilities may not be available.

Another experimental study compared the activity of alcoholic solution of 2% chlorhexidine gluconate
with various preparations of chlorhexidine (0.5% and 2% chlorhexidine aqueous and in alcohol) isopropyl
alcohol, and 10% aqueous povidone-iodine against Staphylococcus epidermidis in the presence or absence
human serum. They found that all preparations reduced the colony counts but alcoholic solution of 2%
chlorhexidine gluconate was the most effective.[25]

The residual effect; defined as the long-term antimicrobial suppressive activity; of chlorhexidine gluconate,
is prolonged (at least 6 h) while that of povidone-iodine is minimal. This prolonged residual effect of
chlorhexidine is due to its adherence to the stratum corneum, which extends its duration of action for
several hours after first application.[7] This ability of antiseptic solutions to bind to and penetrate the
stratum corneum is important for effective clearance of the micro-organisms living by the side of the hair
follicles or in the sebaceous glands. Up to 20% micro-organisms live deep within dermis and these may be
an important source causing contamination of invasive devices and subsequent colonization.[22]

In most of our patients Staphylococcus aureus was grown (86% - 26 out of 30) in swabs collected before
application of disinfectants and in another 6% patients methicillin-resistant Staphylococcus aureus
(MRSA) was grown. Thus, in-patients who remain in hospital for a long time pre-operatively; the normal
commensals may be replaced with Staphylococcus aureus and even with MRSA. In such patients use of
2% chlorhexidine may carry an added advantage over povidone iodine. The superiority of chlorhexidine
gluconate compared with povidone iodine in reducing the colony counts of coagulase-negative
staphylococci has been shown long back in a study[26] of disinfection of peritoneal dialysis catheter sites.
At 24 h after peritoneal dialysis catheter site care; the incidence of patients with Staphylococcus
epidermidis colony forming units was higher (54%) when povidone iodine was used than with
chlorhexidine (15%) use. Because most device–related infections are caused by Gram-positive cocci, the
superior bactericidal effect of chlorhexidine gluconate against these organisms is likely to be clinically
important.

Cost is a consideration when choosing an antiseptic. We found a difference of 40 paise between
chlorhexidine and povidone-iodine, which is very minimal. Chaiyakunapruk et al.[16] also reported that
despite the higher cost of chlorhexidine gluconate, the absolute difference was relatively small
(approximately $0.92 vs. $0.41) for a quantity sufficient to prepare an insertion site for a CVC. They
concluded that given the extent of the benefit and the small increment in cost, chlorhexidine gluconate
should be considered as a replacement for povidone-iodine, particularly in patients at high-risk for catheter
related bloodstream infection. In another meta-analysis carried out by Lee et al.[18] using decision analytic
cost-benefit model to compare the economic value of antiseptic solutions found that due to fewer surgical
site infections and positive skin cultures, chlorhexidine resulted in net cost savings of $16-26 per surgical
case and substantial costs saving for the hospital.

The contact time (application to drying) was much shorter with chlorhexidine in our study. This time taken
to achieve antisepsis may be important in emergency situations like trauma or emergency caesarean
section where epidural or spinal anaesthesia or CVC insertion needs to be carried out in a hurry. When
time is of essence, chlorhexidine may be preferred to povidone-iodine.

Both antiseptic solutions can lead to allergic reactions, particularly cutaneous hypersensitivity. We did not
observe any hypersensitivity reactions in either group.

The strength of our study was an objective end-point, i.e., bacterial growth from skin swabs. There were
however, limitations. The first was small numbers and a convenience sample. The second limitation was
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that the operator collecting the swabs was not blinded. Blinding was not possible due to difference in the
colour of the antiseptic solutions; however, the reporting microbiologist was blinded. Since, the end-point
was objective in nature (growth from swabs before and after cutaneous antisepsis), we believe that the
results could not have been influenced by lack of blinding of the operator, though normally this can lead to
investigator bias. Third instead of incidence of device related incidence we chose bacterial growth before
and after antisepsis. We feel that though use of antiseptic solution does influence this incidence, there are
other confounding factor such as improper handling of the device, etc., which may confound the results.
Therefore, efficacy of the antiseptic is better judged from immediate lack of growth after application.
Future studies need to explore the comparative efficacy of these agents in larger number of patients with
clinically relevant end-points such as CRBSI or surgical site infections.

CONCLUSION

We found that for cutaneous antisepsis, there is no difference between 2% chlorhexidine gluconate in
alcohol and 10% povidone-iodine aqueous solution, in terms of efficacy, cost or side-effects.
Chlorhexidine 2%, due to its significantly shorter contact time, may be of value in emergency situations.
The epidemiology of device related infections, prolonged residual effect and better bactericidal effect of
chlorhexidine against staphylococcus makes it a preferable agent for cutaneous antisepsis.
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