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This trial was designed to compare the efficacy of 4% chlorhexidine gluconate (CHG)

with normal saline (NS) as a predisinfection skin-scrub solution prior to standard

presurgical skin preparation. Data was collected at a single transplantation center where

patients electing resection of hepatic tumors were recruited between October 2011 and

September 2012. In total, 100 patients were consecutively enrolled for random

assignment to either 4% CHG or NS as a predisinfection skin-scrub solution prior to

surgery. Our aim was to assess the comparative antiseptic efficacy of CHG in this setting,

focusing on cutaneous microbial colonization (at baseline, preoperatively, and

postoperatively) and postsurgical site infections as primary outcome measures. Positivity

rates of baseline, preoperative, and postoperative cultures were similar for both groups,

showing significant declines (relative to baseline) after skin preparation and no

significant postsurgical rebound. Rates of surgical site infection were also similar in

both groups (CHG, 6.0%; NS, 4.1%; P¼ 1.0). For patients with hepatic tumors undergoing

hepatectomy, the effect of 4% CHG as a predisinfection scrub solution was similar to that

of NS in terms of skin decontamination and surgical site infections.
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Surgical site infections (SSIs) are the most com-
mon type of hospital-acquired infection in

surgical departments.1 They delay wound healing,
prolong postoperative hospitalization, increase
costs, promote antibiotic use, inflict unwanted pain,
and in extreme cases cause fatalities.2 Due to recent
advances in surgical technique and perioperative
management, hepatic resection has evolved from a
risky endeavor to a safe and effective therapy for
many liver diseases.3,4 However, SSI rates after
hepatic resection remain high, ranging from 4.6%
to 25.2%.4–6

Following elective procedures, SSI usually results
from colonization by the patient’s native skin flora.7

The most common pathogens, thus, are Staphylococ-
cus aureus and coagulase-negative Staphylococci.1,8,9

As such, preoperative disinfection of the surgical
site to decrease skin microbial counts prior to
incision is standard practice before any surgical
intervention1 as an important step in limiting
surgical wound contamination and preventing
infection.

A variety of skin-preparation agents and methods
are available for SSI prevention, and techniques for
preoperative skin cleansing vary among hospitals
and surgeons. In Taiwan, the standard preoperative
skin preparation used by many hospitals includes a
scrub with chlorhexidine gluconate (CHG), followed
by painting with alcoholic povidone-iodine (P-IO).
There is currently a pressing need to determine the
actual contribution of CHG toward preventing SSI
when used in this way. Studies comparing CHG with
P-IO for cutaneous disinfection have shown that
CHG cleansing before intravascular insertions sub-
stantially reduces the incidence of related infection
and that CHG aids in postinfection site care.10–12

Hence, this study was conceived to test whether a
CHG scrub prior to routine disinfection would
reduce microbial growth in surgical site cultures
and lower infection rates after resection.

Patients and Methods

Patients and study design

A series of 100 patients undergoing elective hepa-
tectomy at our hospital from October 2011 to
September 2012 was prospectively randomized to
receive 1 of 2 skin-preparation techniques. Prior to
patient enrollment, a qualified institutional review

board approved the trial protocol, which is illus-
trated in a flow-chart schematic (Fig. 1) and was
enabled by access to the infection-tracking database
at a single center. Informed consent was obtained
from all study participants.

Patients electing hepatectomy for treatment of
hepatic tumors were consecutively enrolled for
prospective study, with the following criteria as
grounds for exclusion: (1) age ,18 years, (2) history
of radiation therapy to operative site, (3) repeat
hepatectomy, (4) history of allergy to any agents
used during surgical preparation (i.e., CHG, ethyl
alcohol, P-IO), and (5) metastatic cancers. Given no
suspicion of active remote infection preoperatively,
enrollees were randomly assigned to either 4% CHG
(Antigerm, Panion & BF Biotech Inc, Taipei, Taiwan)
or normal saline (NS) as a cutaneous, predisinfec-
tion scrubbing solution. All were included in the
intention-to-treat analysis, but those who were lost
to follow-up or who had only open-close surgery or
liver biopsy were excluded from the per-protocol
analysis.

For routine antimicrobial prophylaxis, each sub-
ject received cefazolin (Winston Co, Tainan, Taiwan)
30 minutes before surgery and an intraoperative
antimicrobial every 3 hours.

Preoperative skin preparation protocol and aerobic
cultures

Baseline culture

Protocol sequence at this point was as follows: (1)
with the patient on the operative table (prior to skin
preparation), a baseline culture was obtained by
pressing a swab onto the skin at the presumptive
incision site then vigorously rolling clockwise and
counterclockwise for 10 seconds; (2) after sealing
and labeling the culture swab, it was transported to
the microbiology laboratory for aerobic culture; and
(3) the patient was randomly assigned to a skin-
scrub solution, either CHG (4%) or NS. Random
treatment assignments were placed in a set of sealed
envelopes. When a participant was randomized, the
envelope was opened.

Preoperative culture

Surgical skin preparation was performed thereafter
as follows: (1) a sterile washcloth was saturated with
a solution of either CHG (4%) or NS; (2) the
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saturated cloth was applied to the presumptive
surgical site for 3 minutes of vigorous scrubbing,
verified by electronic timer; and (3) a standard 3-
step disinfection was done (after patting dry with
sterile towel) using iodine-alcohol solution (95%
ethyl alcohol, 70 mL, and P-IO, 10 g/100 mL;
Sindine, Sinphar Co, Taipei, Taiwan).

Upon completing the surgical skin preparation,
each patient was draped in a sterile fashion with the
abdomen exposed, allowing full air drying of skin
before incision. Using the above technique, a same-
site preoperative culture was similarly obtained.

Postoperative culture

Next, an adhesive drape was applied to the
operative field. Standard surgical technique and
intraoperative care were exercised by the same
surgical team for each patient: a J-shaped or
upper-midline incision for abdominal access, gentle
hepatic dissection via Cavitron Ultrasonic Surgical
Aspirator (Integra LifeSciences Corp, Plainsboro
Township, New Jersey), and systematic ligation of
all sizable vessels and bile ducts. During hepatic

resection, silk ligatures and vessel clips were used to
ligate vessels/ducts. Intraoperative control of bleed-
ing was achieved by way of the Pringle maneuver.
One or two closed drains were inserted near any
surface-cut liver parenchyma, and fascia was closed
with continuous Biosyn 0 absorbable sutures
(Covidien Inc, Marsfield, MA, USA). All surgical
incisions were irrigated with saline solution prior to
skin closure with interrupted transdermal sutures
(3-0 monofilament nylon).

After closure of the wound, a same-site postop-
erative culture was obtained according to protocol.
The microbiological evaluation was performed by
an independent microbiological core laboratory
that had no knowledge of the randomized study
group.

Outcome measures

The sequential cultures taken (baseline, preopera-
tive, and postoperative) served as measures of
primary outcome and were interpreted as positive
if any yielded growth of microorganisms. The

Fig. 1 Flow chart of trial protocol.
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following constituted secondary outcome measures:
(1) postoperative SSI, (2) length of hospitalization on
first admission and on re-admission for complica-
tions, and (3) mortality during the follow-up period.

SSI was diagnosed using modified United States
Centers for Disease Control and Prevention defini-
tions of nosocomial infection and was documented
by author C.S.H., who visited the surgical wards
every day during the 30 days after surgery. Patients
discharged before this were reviewed weekly in
author Y.L.C.’s outpatient clinic to assess the surgical
sites for signs of infection, such as erythema,
swelling, warmth, pain, and drainage. Each SSI was
classified as either a wound infection (superficial or
deep) or as an organ/space infection. Both physicians
who evaluated SSIs and all patients were blinded to
the method of surgical site skin preparation.

Mortality included SSI-related deaths and all-cause
mortality. Any fatality due to uncontrolled infection
or infection-related multiple-organ failure was con-
sidered SSI-related. All-cause mortality equated with
any cause of death after surgery, including in-hospital
deaths or those occurring after discharge.

Statistical analysis

All data were captured in a computerized database.
Pearson v2 test or Fisher exact test, independent
Student t test, and Mann-Whitney U test were
applied to examine differences between the 2 study

groups in terms of demographics and clinical
characteristics. Paired proportions were compared
using the McNemar test. Values for continuous
variables were expressed as mean 6 SD or median
(interquartile range, 25%–75%) All statistical analy-
ses used standard software (SPSS, v13.0, SPSS Inc,
Chicago, Illinois), with statistical significance set at
P � 0.05.

The estimated SSI rate after hepatic resection
ranged from 4.6% to 25.2%4–6; thus, we proposed
that the incidence rates of SSI were 5% in the CHG
group and 25% in the NS group, respectively. With a
2-side alpha value of 0.05 and a power of 80% (b ¼
0.20), it was estimated that the number required in
total was at least 98.

Results

Patient demographics

From October 2011 to September 2012, 114 patients
were admitted with hepatic tumors and scheduled
for elective hepatectomy. Of these, 14 patients were
not included in the trial: 1 failed to meet the
inclusion criteria, 8 declined to participate, 4 had
metastatic cancers, and 1 had a history of allergy to
alcohol. In total, 100 patients (hepatocellular carci-
noma, 84; cholangiocarcinoma, 6; benign/other
tumors, 10) were consecutively enrolled for the
prospective study and randomly assigned to either

Table 1 Baseline patient characteristics by group

Parametersa CHG (4%) (n ¼ 50) NS (n ¼ 50) P valueb

Females 15 (30.0) 16 (32.0) 0.83
Mean age, y 62.7 6 11.4 62.4 6 10.0 0.88
Body mass index, kg/m2 24.7 6 3.3 24.4 6 3.8 0.63
Diabetes mellitus 8 (16.0) 8 (16.0) 1.0
Hemoglobin, g/dL 13.0 6 1.9 13.4 6 1.6 0.25
PT prolongation �4 s, % 1 (2.0) 0 (0.0) 1.0
APTT prolongation �1.5-fold, % 1 (2.0) 0 (0.0) 1.0
Serum albumin level preoperative, g/dL 3.9 6 0.4 3.9 6 0.6 0.54
Serum albumin level postoperative, g/dL 3.1 6 0.3 3.0 6 0.5 0.53
Extent of hepatic resection, segments 2.0 (1.75–3.0) 2.0 (1.0–3.25) 0.76
Pringle maneuver frequency 1.0 (0–1.25) 1.0 (0.0–1.25) 1.0
Duration of surgery, min 132.2 6 42.6 132.3 6 45.4 0.92
Intraoperative estimated blood loss, mL 250.0 (100.0–462.5) 250.0 (137.5–425.0) 0.87
Tissue glue used 29 (58.0) 32 (64.0) 0.38
Ascites score 0.0 (0.0–0.0) 0.0 (0.0–0.25) 0.23
Ishak score 4.0 (2.75–5.0) 4.0 (3.0~6.0) 0.75
Metavir score 3.0 (1.75–4.0) 3.0 (2.0–4.0) 0.90

APTT, activated partial thromboplastin time; CHG, chlorhexidine gluconate; IQR, interquartile range; NS, normal saline; PT,
prothrombin time.

aData expressed as n (%); mean 6 SD; or median (25%–75% IQR). Hemoglobin: normal range 13.5 to 17 g/dL. Albumin: normal range
3 to 5 g/dL. Ascites score: 0, no ascites; 1, mild ascites; 2, bloody ascites.

bThe Pearson v2 test or Fisher exact test, independent Student t test, and Mann-Whitney U test were used as appropriate.
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the CHG (n ¼ 50) or NS (n ¼ 50) scrub-solution
group for primary outcome evaluation (Fig. 1).
Three hundred skin cultures taken from these
patients were analyzed. One patient in the NS
group who had liver biopsy only was excluded from
secondary outcome analysis, leaving 99 patients for
this purpose (Fig. 1).

Patient characteristics, including gender, mean
age, body mass index, diabetes mellitus, hemoglo-
bin, prothrombin time prolongation �4 seconds,
activated partial thromboplastin time prolongation
�1.5-fold, preoperative or postoperative serum
albumin level, extent of hepatic resection, frequen-
cy of Pringle maneuver, duration of surgery,
estimated intraoperative blood loss, use of tissue
glue, and clinical scoring (ascites, Ishak, and
Metavir) were similar for the 2 study groups (P .

0.2; Table 1 ).

Results of baseline, preoperative, and postoperative
cultures

Nearly all baseline cultures (99.0%) yielded growth
of microorganisms (Table 2). There were no signif-
icant differences between groups (CHG, 100%; NS,
98%; P ¼ 1.0). In preoperative cultures, none (0%)
were positive for CHG, and few (2/50, 4.0%)
showed growth with NS (P ¼ 0.50). Culture
positivity remained low in the postoperative period
(CHG, 4/50, 8.0%; NS, 2/50, 4.0%; P ¼ 0.68).

After the skin preparation protocol, culture
positivity declined significantly (relative to baseline)
for both CHG and NS in the preoperative (both P ,

0.001) and postoperative (both P , 0.001) periods

(Table 2). Preoperative and postoperative culture
positivity rates of each solution did not differ
significantly (CHG, P ¼ 0.13; NS, P ¼ 1.0; Table 2).

Skin disinfection status after skin preparation and
postoperative rebound growth

The 5 most common microorganisms isolated from
baseline cultures in both groups (by order of
frequency) were as follows: Gram-positive bacilli
(71.0%), coagulase-negative Staphylococcus (59.0%),
Gram-positive cocci (31.0%), micrococcus (13.0%),
and Gram-negative bacilli (8.0%). Only 2 microor-
ganisms were cultured after the skin-preparation
protocol, both in the NS group; 6 microorganisms
were cultured postoperatively (CHG, 4; NS, 2).
Growth of the 3 most common microorganisms—
Gram-positive bacilli, coagulase-negative Staphylo-
coccus, and Gram-positive cocci (Fig. 2)—declined
significantly (relative to baseline) for both the CHG
and NS solutions after executing the skin-prepara-
tion protocol (preoperative cultures: both P ,

0.001) and after surgery (postoperative cultures:
CHG, P , 0.001; NS, P � 0.001). Rates of
preoperative and postoperative culture positivity
did not differ significantly for either solution (both
P � 0.5).

Using either solution, microbial isolates of lesser
frequency (micrococcus, fourth; Gram-negative ba-
cilli, fifth) were eradicated after the skin-preparation
protocol and did not rebound postoperatively.

Secondary outcomes

SSI developed in 5 patients, including 3 of 50
patients (6.0%) subjected to CHG (all superficial
infections) and 2 of 49 patients (4.1%) subjected to
NS (both deep infections), constituting similar rates
of SSI (P ¼ 1.0; Table 3). No organ/space infections
developed. All affected patients were diagnosed
after hospital discharge and were managed success-
fully as outpatients. Two patients underwent early
removal of skin sutures, and 3 were treated with
antibiotics alone. Preoperative and postoperative
skin cultures uniformly yielded no growth, so
residual bacteria could not be directly implicated.

Mean duration of hospitalization was similar for
both solutions (CHG, 8.0 days; NS, 8.0 days; P ¼
0.69). A single mortality due to hepatic failure was
recorded in the NS group, unrelated to SSI (preop-
erative and postoperative cultures yielding no
growth; no SSI evident). Mortality rates were, thus,
similar (CHG, 0%; NS, 2.0%; P ¼ 0.5; Table 3).

Table 2 Analysis of primary outcomes

Parameters

CHG (4%)
(n ¼ 50),

n (%)

NS
(n ¼ 50),

n (%)
P

valuea

Primary outcomes

Baseline culture 50 (100.0) 49 (98.0) 1.0
Preoperative culture 0 (0) 2 (4.0) 0.50
Postoperative culture 4 (8.0) 2 (4.0) 0.68

P valuea ,0.001b,c, 0.13d ,0.001b,c, 1.0d

CHG, chlorhexidine gluconate; NS, normal saline.
aP value assessed by Pearson v2 test or McNemar test as

appropriate.
bPreoperative culture versus baseline culture.
cPreoperative culture versus baseline culture (CHG and NS).
dPreoperative culture versus postoperative culture (CHG and

NS, respectively).
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No adverse events (such as pruritus, erythema, or
chemical burn) were manifested relative to the
agents/solutions used for skin antisepsis.

Discussion

This study demonstrated that solutions of CHG (4%)
and NS displayed similar efficacy in reducing skin
bacterial loads and constituted similar rates of SSI
when used for predisinfection scrubbing, prior to
standard 3-step disinfection. Our data clearly
indicated that a 3-minute predisinfection scrub with
either CHG (4%) or NS solution, followed by
painting with P-IO-alcohol, was efficacious as a
surgical preparation technique for aerobic bacterial
decontamination of abdominal skin.

SSI accounts for 38% of nosocomial infections
among surgical patients.1,13 As a consequence,
medical costs rise, hospitalization is prolonged,
and quality of life in the postoperative course is

reduced.14 A patient’s own skin flora is the major
source of pathogens responsible for SSI.15 Thus, by
decreasing the burden of skin microbials, the risk of
SSI is reduced.16 For efficient removal of resident
organisms, use of both mechanical and chemical
methods is required. The mechanical process in-
volves the application of skin antisepsis solution
with adequate friction of the applicator to ensure
that all the cracks and fissures in the skin are
sufficiently coated with the solution. The chemical
process involves both the destruction of microor-
ganisms and the prevention of rebound colonization
after cleansing.17 Skin antisepsis is, thus, aimed at
transient removal of microorganisms to minimize
the opportunity for infection.18

A variety of skin preparations and methods are
available, and the 2 active agents most commonly
used in preoperative antiseptics are CHG and P-IO,
either as aqueous solution or alcoholic.19–22 CHG is a
biguanide effective against a wide range of Gram-

Fig. 2 Efficacies of CHG and NS scrubs: most common bacterial isolates significantly disinfected after skin preparation; no postsurgical

rebound growth using either solution. **P , 0.01, ***P , 0.001.
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positive and Gram-negative bacteria, lipophilic
viruses, and yeasts.2 Several studies have main-
tained that CHG is preferable, rather than P-IO, for
preoperative antisepsis in clean-contaminated sur-
gery because of immediate and persistent bacteri-
cidal activity.23–26 In this study, we applied the
mechanical process as a 3-minute predisinfection
scrub with either a CHG (4%) or NS solution and
then followed that with a chemical process with P-
IO-alcohol. Our results showed that the decontam-
ination effects were similar both in preoperative
(CHG, 0%; NS, 4.0%; P ¼ 0.50) and postoperative
cultures (CHG, 8.0%; NS, 4.0%; P¼0.68). This means
both the mechanical process with scrub and the
chemical process with P-IO-alcohol eradicated most
common skin microorganisms, and the microorgan-
isms did not rebound postoperatively. The results
met the criteria of the Food and Drug Administra-
tion for adequate skin site treatment.27

The reasons why scrubbing with either CHG (4%)
or NS does not have a significant difference were
proposed. Magera et al15 reported that topical
scrubbing with 4% chlorhexidine has a lower
preoperative perineal colonization rate than with
soap and water only, but the benefit was not seen in
the preoperative abdomen. The abdomen is gener-
ally believed to be easier to sanitize than the
perineum. Moreover, Tschudin-Sutter et al1 reported
that P-IO-alcohol is effective in decreasing the
residual bacterial colonization and SSI of the
preoperative site. Furthermore, chlorhexidine is
highly cationic and may be inactivated by iodine.17

Accordingly, scrubbing with CHG did not take
greater advantage of its antiseptic properties than
scrubbing with NS prior to a chemical process with
P-IO-alcohol in our trial.

It is well known that the incidence of SSI is
greatly influenced by many perioperative fac-
tors.3,5,19,28,29 As a transplantation center, our hospi-

tal is one of the top 5 hospitals in Taiwan, with the
highest overall 3-year survival rate after liver
transplantation. Our facility has developed strict
infection-control measures, incorporating standard
perioperative protocols. We believe that these
policies are also responsible for lowering the rates
of culture positivity after surgery and SSI. In this
study, SSI developed in 6.0% of cases with CHG use
and 4.1% with NS use (P ¼ 0.1). None of these
patients expired. Moreover, the mean duration of
hospitalization (CHG, 8 days; NS, 8 days; P ¼ 0.69)
and mortality (CHG, 0%; NS, 2.0%; P ¼ 0.5) were
similar in these two groups. Given adequate
infection-control measures, a predisinfection scrub
in clean-contaminated surgery, such as hepatectomy,
could be superfluous.

There are several limitations to our study,
including the fact that the data accrued is qualitative
rather than quantitative. Quantitative assessment of
the cultures obtained might have added information
on the antiseptic efficacies of these solutions.30

However, in clinical practice, qualitative culture
data generally suffice for decision making, and the
lowering of bacterial loads after skin preparation
was significant.16,30 To our knowledge, this is the
first use of qualitative cultures to evaluate preoper-
ative surgical scrubs in this particular arena. The
sample size was also limited as a consequence of the
chosen setting. We ultimately terminated this study
when each of the study groups reached at least 50
patients, because all outcome data were equivalent.
Perhaps an alternate approach could be taken,
identifying a scenario where CHG predisinfection
might confer greater benefit.

In conclusion, before a standard 3-step disinfec-
tion process with iodine-alcohol solution prior to
hepatectomy, using 4% chlorhexidine gluconate as a
predisinfection scrub solution did not take more
advantage of its antiseptic properties than using
normal saline scrub.
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