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ABSTRACT
Background: The risk of wound infection after elective inguinal hernia repair depends on 
several factors. One of the most important factors is the preoperative skin preparation. 
The use of antisepsis is performed to reduce the risk of surgical site infections (SSIs) and to 
remove causing organisms. This work compares two different agent forms for preoperative 
skin preparation to prevent SSIs. Objectives: The objective of the study is comparing the 
effects of two different agents used for preoperative skin preparation and prevention of 
SSIs. Material and methods: 100 adult patients were divided and randomized into two 
groups, each containing 50 patients. Both groups included patients that are scheduled 
for elective Lichtenstein inguinal hernia repair. The first group includes patients whose skin 
preparations were done with povidone iodine (PI) only. The second group included patients 
that are treated with two antiseptics; Alkosol (96% ethanol, isopropanol-30g and ortophe-
nilphenol-0.1g) and povidone iodide. Alkosol is applied before the induction of anesthesia. 
The povidone iodide is applied after Alkosol has evaporated. The presence of bacterial 
growth in the wound was determined 24 and 48 hours after operation. Swabs were used 
to take samples, which were then cultivated to check for bacterial growth. The presence of 
infection was also determined by the following criteria: pain or tenderness, induration, ery-
thema, local warmth of the wound etc. Results: The surgeon or clinician declared that after 
24 hours the wound was infected in 20 patients in the control group and in 22 patients after 
48 hours. In the Alkosol (96% ethanol, isopropanol-30g and ortophenilphenol-0.1g) and 
povidone iodide group infection was declared in only 3 patients after 24 hours. Discussion: 
Compared to the use of providone only, the use of Alkosol (96% ethanol, isopropanol-30g 
and ortophenilphenol-0.1g) and povidone iodide has many advantages and was associ-
ated with lower rates of SSIs following clean surgery. A larger trial is warranted in order to 
add definitive and more conclusive data to the current evidence base.
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1.	INTRODUCTION
It is believed that nearly all surgical 

wounds are contaminated; however, 
infection does not develop in all op-
erated patients. The development of 
infection depends mainly on the fac-

tors such as general state of the pa-
tient, their immune status and the set 
of contributing factors, such as, for 
example, age, obesity, malnutrition, 
chronic metabolic and endocrine 
diseases, anemia, hypoproteinemia 
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etc. An important predictor of wound infection is also 
the assessment of the general condition of patients and 
pre-existing disease (ASA group). If the degree of ASA> 
2, the risk of surgical site infections is increased (1). In 
the context of studies on the significance of nosocomial 
infections in the US, the Center for Disease Control has 
developed a model of the four risk factors for surgical 
site infection: abdominal surgery, procedures that take 
more than two hours, surgical procedures classified as 
Class III (contaminated) or Class IV (dirty) and patients 
with three or more comorbidities at the time of discharge 
from hospital. The most common cause of intrahospital 
infections (IHI) are bacteria. The types of bacteria that 
cause IHI changed over time depending on the appli-
cation of antibiotics, diagnostic and therapeutic proce-
dures. In addition, the properties of individual bacteria 
are responsible for their epidemiology. Staphylococcus 
species inhabit the skin and nasal mucosa. In normal 
circumstances they do not live in the environment and 
are relatively resistant to drying (2). The important risk 
factors for SSI are the following: type of hernia (inguinal, 
incisional), operative approach (open–laparoscopic), use 
of prosthetic material and drainage. The cause of SSIs in 
elective surgery is bacteria that originally came from the 
skin (3).

2.	OBJECTIVES
Despite the implementation of preoperative preven-

tive measures, which include skin cleansing with po-
vidone–iodine, or other agents surgical-site infection 
occurs in a significant number of patients who undergo 
surgery each year. The patient’s skin is a major source of 
pathogens and it is conceivable that improving skin an-
tisepsis would decrease surgical-site infections (4). The 
main objective of this study was to compare the efficacy 
in prevention of surgical-site infections of 96% ethanol, 
isopropanol - 30g, ortophenilphenol - 0.1g and povidone 
iodide to that of povidone - iodine only. The Lichtenstein 
hernia repair is considered as a clean surgery operation. 
The causes of SSI for this type of elective surgery are bac-
teria that arrive from the skin (3).

The objective of the study is to determine the frequen-
cy of wound infection after elective inguinal repair ac-
cording to the preoperative site preparation.

3.	MATERIAL AND METHODS
3.1. Study Design
We conducted this prospective, randomized clinical 

trial between February 2011 and December 2011 at the 
General Hospital “Prim. dr. Abdulah Nakaš” in Sarajevo. 
The institutional review board of the hospital approved 
the study protocol, and written informed consent was 
obtained from all patients before enrollment. The data-
base of all patient included in study was made.

3.2. Patients
Inclusion criteria: Patients who had an unilateral in-

guinal hernia repaired. The age of patients is between 18 
and 65 years. The study included patients of the ASA I 
and ASA II category. Exclusion criteria were a history of 
allergies to alcohol, or iodophors; evidence of infection 

at or adjacent to the operative site; patient with bilater-
al hernia, inguinoscrotal hernia, repair without use of a 
polypropylene net, laparoscopic hernia repair, duration 
of surgery longer than two hours and the perceived in-
ability to follow the patient’s course for 10 days after sur-
gery.

3.3. Interventions
Enrolled patients were randomly assigned in a 1:1 ratio 

to have one of the following preoperative skin prepara-
tions.

In the first group (experimental group) the patients 
were prepared with the solution that contains 96% eth-
anol, isopropanol-30g and ortophenilphenol-0.1g. The 
solution was left to evaporate and patients were then 
scrubbed and painted with an aqueous solution of 10% 
povidone.

In the second group (control group), the patients were 
prepared only with an aqueous solution of 10% povidone

All patients were monitored for the following param-
eters: age, sex, temperature, swelling, pain, redness and 
wound swab. 24 and 48 hours postoperatively, all pa-
tients had swab samples taken from the operative site.

All patients who were included in the study were sub-
jected to the same type of general anesthesia.

3.4. Efficacy Outcomes
The primary end point of the study was the occurrence 

of any surgical-site infection within 10 days after surgery. 
The operating surgeon became aware of which inter-
vention he had been assigned only after the patient was 
brought to the operating room. Both the patients and the 
site investigators who diagnosed surgical-site infection 
on the basis of developed criteria remained unaware of 
the group assignments. The wound is considered to be 
infected according to the following criteria that include 
at least one of the following: (a) presence of purulent 
drainage; (b) isolation of organisms from fluid/tissue of 
the superficial incision; (c) at least one sign of inflam-
mation (e.g., pain or tenderness, induration, erythema, 
local warmth of the wound) is present; (d) the wound is 
deliberately opened by the surgeon; (e) the surgeon or 
clinician declares the wound infected. These were clas-
sified as superficial incisional infection (which involved 
only skin and subcutaneous tissue but not stitch-related 
abscesses) and deep incisional infection (which involved 
deeper structure such as fascia and muscle)

3.5. Clinical Assessment
Preoperative evaluation included: medical history tak-

ing, physical examination, and routine hematologic and 
blood chemical laboratory tests. The surgical site and 
the patient’s vital signs were assessed at least once a day 
during hospitalization and on discharge, and whenever 
surgical-site infection occurred. After discharge, the in-
vestigators contacted the patients to check for presence 
of infection. The presence of SSI was determined by in-
vestigators who were unaware of the group assignments 
of patients. 

All patients were monitored for the following param-
eters: age, sex, temperature, swelling, pain, redness and 
wound swab 24 and 48 hours postoperatively.
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4. RESULTS
Th ere were 94 male and 6 female patients included in 

the study. Two female patients were in the experimental 
group (96% ethanol, isopropanol-30g and ortophenil-
phenol-0.1g and povidone iodide) and 2 in the control 
group (povidone iodine group). 48 male were in the ex-
perimental group and 46 in the control group (p>0.05).

Th e average duration of hospitalization was 5.94 in 
the control group and 5.50 in the experimental group. 
Th e diff erence is not statistically signifi cant. Th e average 
duration of operation was 37,6 minutes in the control 
group and 38 minutes in the experimental group.

Th e average value of pain 24 hours after surgery, ac-
cording to a visual analogue scale, was signifi cantly lower 
in the experimental group 1.12 than in the control group 
2.52. Th e values are also signifi cantly lower 48 hours af-
ter surgery, 0.22 in the experimental group and 1.04 in 
the control group. After 24 hours swelling of the wound 

was noticed in 8 patients in the control group, whereas in 
the experimental group no swelling was evidenced. Th is 
diff erence is statistically signifi cant (p <0.01, Chi-square 
test). After 48 hours, swelling of the wound occurred 
in 10 patients in the povidone iodine group whereas in 
the experimental group there was no swelling. (Figure 

2). Th is diff erence between the experimental and con-
trol group is statistically signifi cant (p <0.01, Chi-square 
test). Th e redness of the wound margins with or without 
other signs of wound infection was found in 23 patients 
24 hours after operation. Only two patients were in the 
experimental group (6%). In the control group redness 
was found in 20 patients (40%) 24 hours after operation 
(p<0.01, Chi test).

After 48 hours the redness of wound margins subsided 
in all patients in the experimental group and in 11 pa-
tients in the control group. Th ere were 22 patients (18% 
of patients) with persistent skin redness 48 hours after 
operation in the control group (p<0,01, Chi test).

Table 1 summarizes all signs of infection according 
to selected criteria. Th ere was no purulent drainage in 
either group. Th ere was no need to open wound in any 
patient. Th ere were no signs of major infection so we 
also took minor signs into consideration. Th ese includ-
ed local swelling and erythema of wound margins and 
warmth of wound. At least one sign should be present to 
declare the wound infl amed. One patient presented with 
uncharacteristic pain and tenderness.

In the control group there were 20 patients (40%) with 
signs of infection after 24 hours and 22 patients (44%) af-
ter 48 hours postoperatively. In the experimental group 
we only have 3 patients (6%) presenting with symptoms.

Preoperative evaluation included: medical history taking, physical examination, and routine 

hematologic and blood chemical laboratory tests. The surgical site and the patient's vital signs 

were assessed at least once a day during hospitalization and on discharge, and whenever 

surgical-site infection occurred. After discharge, the investigators contacted the patients to 

check for presence of infection. The presence of SSI was determined by investigators who 

were unaware of the group assignments of patients. 
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pain, redness and wound swab 24 and 48 hours postoperatively.  
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Figure 2. The average postoperative pain according to a visual analog scale in the 

experimental and control group 24 hours and 48 hours after surgery.  

After 24 hours swelling of the wound was noticed in 8 patients in the control group, whereas 
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0

0,5

1

1,5

2

2,5

3

24 hours 48 hours

1,12
0,22

2,52

1,04

Experimental group Control Group

0

2

4

6

8

10

24 hours 48 hours

0 0

8

10

Experimental group Control Group

Figure 2. The average postoperative pain according to a visual 
analog scale in the experimental and control group 24 hours and 
48 hours after surgery.
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Figure 3. The postoperative wound swelling in the experimental 
and control group 24 hours and 48 hours after the procedure.

Figure 3. The postoperative wound swelling in the experimental and control group 24 hours 

and 48 hours after the procedure.  

The redness of the wound margins with or without other signs of wound infection was found 

in 23 patients 24 hours after operation. Only two patients were in the experimental group 

(6%). In the control group redness was found in 20 patients (40%) 24 hours after operation. 

(p<0.01, CHI TEST). 

After 48 hours the redness of wound margins subsided in all patients in the experimental 

group and in 11 patients in the control group. There were 22 patients (18% of patients) with 

persistent skin redness 48 hours after operation in the control group.  (p<0,01, CHI TEST). 

 

 

 

Figure 4.The redness of wound's area 24 hours and 48 hours after operation 
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Figure 4. The redness of wound’s area 24 hours and 48 hours after 
operation

Signs of infection that were 
followed

Control group
(50 patients)

Experimental 
group, (50 pa-
tients)

24 
hours

48 
hours

24 
hours

48 
hours

Presence of purulent drainage; 0 0 0 0
Isolations of organisms from fl uid/
tissue of the superfi cial incision; 0 0 0 0

 The wound is deliberately opened 
by the surgeon; 0 0 0 0

At least one sign of infl ammation 
(e.g., pain or tenderness, indura-
tion, erythema, local warmth of 
the wound) is present;

20 22 3 0

Pain and tenderness 1 0 0 0
Erythema of wound 20 22 3 0
Induration (swelling) 8 10 0 0
Warmth of the wound 1 0 0 0
The surgeon or clinician declares 
the wound infected; 20 22 3 0

Table 1. Signs of infection according to selected criteria
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5. DISCUSSION
Some antiseptic agents are used for cleaning intact 

skin, prepping patients preoperatively, prior to intramus-
cular injections or venous punctures, pre- and postoper-
ative scrubbing in the operating room, and hand wash-
ing by medical personnel (6). An argument for the use 
of antiseptics on wounds to prevent wound infection is 
that antiseptics may be preferable to topical antibiotics 
with regard to development of bacterial resistance (7). 
One study found that there were fewer surgical site in-
fections when the skin was prepared using chlorhexidine 
in comparison to preparation using iodine (7). In our 
study we confi rmed that the use of two antiseptics has 
a signifi cant advantage compared to the use of only one. 
We presume that the eff ect of the alcohol solution has 
a shorter duration in preventing bacterial growth than 
the povidone aqueous solution and that the use of both 
agents could be the reason for better results. Alcohol has 
been used as an antiseptic for thousands of years and is 
still one of the best antiseptics available. Th e shorter time 
of antiseptic action is caused by the fast evaporation of 
alcohol. Th e povidone aqueous solution remains longer 
on the skin and can prevent bacterial recolonization.

Another reason for better results in the experimental 
group could be the timing of preoperative wound prepa-
ration. In one prospective study, 89 consecutive patients 
scheduled for spinal surgery were randomly allocated to 
2 groups according to the patient identifi cation numbers 
with their consent. In group A, povidone-iodine was 
applied to the surgical site just before the skin incision, 
after the surgeon’s hands were scrubbed (8). In group B, 
povidone-iodine was applied before the surgeon’s hands 
were scrubbed. In the Group B there were signifi cant-
ly less patients with a positive skin culture (13 from 30 
in A group and 3 from 43 in B group). From this study 
we can conclude that the optimal timing of preoperative 
skin preparation with antiseptics can play a very import-
ant role (8). Th e use of two agents requires slightly more 
time but the improvement in the reduction of SSI a rate 
is quite signifi cant. Th e pain after operation can be in-
fl uenced by wound infl ammation. In our study we found 
out that the pain score is related to the infl ammation rate. 

Ethyl and isopropyl alcohol are 2 of the most eff ective 
antiseptic agents available. When used alone, alcohol is 
fast and short acting, has broad-spectrum antimicrobial 
activity, and is relatively inexpensive (9).

We did not fi nd any study on Medline that compares 
this particular combination of antiseptics. Th e use of 
Alkosol (96% ethanol, isopropanol-30g and ortophenil-
phenol-0.1g) and povidone iodide has advantages was 
associated with lower rates of SSIs following clean sur-
gery than use of povidone iodide only. In our study we 
have shown that the use of Alkosol (96% ethanol, iso-
propanol-30g and ortophenilphenol-0.1g) and povidone 
iodide has given considerably better results compared 
to the eff ects of using providone alone. A larger trial is 
warranted in order to add defi nitive and more conclusive 
data to the current evidence base. Th e database that can 
adequately collect all relevant data is very important for 
this kind of study. A medical database enables doctors 

to have better insight into the success of the treatment 
of individual patients and to determine whether certain 
methods of treatment are better than other. It is also 
possible to determine whether some methods are better 
than others on the basis of relevant data in the database 
that we can collect and analyze (10).

6. CONCLUSION
We consider that both optimal timing of preoperative 

skin preparation and the choice of antiseptics play an 
important role in the prevention of SSIs. Th e combina-
tion of two antiseptics that are applied one after another 
could decrease SSIs rate. Th e time interval between the 
initial application of the antiseptic and the surgical inci-
sion can also be an important factor. An adequate clin-
ical trial would give further insight into the connection. 
In cases of SSIs that occur in patients that underwent 
clean surgery the cause is usually contamination that pa-
tients acquire before hospitalization.
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