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Significant Reduction in Incidence
of Wound Contamination by Skin Flora
Through Use of Microbial Sealant

Shirin Towfigh, MD; William G. Cheadle, MD; Stephen F. Lowry, MD;

Mark A. Malangoni, MD; Samuel E. Wilson, MD

Hypothesis: Application of skin sealant prior to inci-
sion reduces microbial contamination of the wound.

Design: Prospective, randomized, multicenter clinical
trial.

Setting: Six teaching hospitals.

Patients: A total of 177 adult patients undergoing elec-
tive open inguinal hernia repair were randomized to either
standard skin preparation with 10% povidone-iodine or
skin preparation followed by cyanoacrylate-based lig-
uid microbial sealant.

Interventions: Wound contamination was assessed dur-
ing surgery by microbial sampling inside the wound at
initiation of skin incision and prior to skin closure.

Main Ovutcome Measures: The primary outcome mea-
sures were the safety and effectiveness of cyanoacrylate-

based microbial sealant to reduce bacterial contamina-
tion during surgery. The secondary outcome measure was
reduction of postoperative surgical site infections using
microbial sealant.

Results: Demographics were similar. Patients treated with
sealant were more likely to have no bacterial cells found
in the wound than control participants (47% vs 31%;
P=.04). Three patients developed surgical site infec-
tions; all were in the control group (P=.25). Indepen-
dent factors that reduced wound contamination were use
of microbial sealant (odds ratio,0.45; confidence inter-
val, 0.23-0.88; P=.02) and perioperative antibiotics (odds
ratio, 0.24; confidence interval, 0.10-0.58; P=.001).

Conclusion: Cyanoacrylate-based microbial sealant may
be an important tool to reduce wound contamination and

potentially prevent surgical site infections.
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URGICAL SITE INFECTIONS

(SSIs) associated with an in-

cision account for 25% to

38% of nosocomial infec-

tions in surgical patients.™* It

is estimated that 2% to 5% of all patients
who undergo surgery will develop an SSI.2
These infections are associated with added
morbidity, including prolonged hospital-
ization by approximately 2 weeks, 5 times
the risk of readmission, an increase in av-
erage health care costs of up to $26 000
per patient, and twice the risk of death.**
Microbial contamination of the surgi-
cal site is a likely precursor of SSI. This is
of particular concern for clean wounds
where contamination must have origi-
nated outside the wound. Itis estimated that
1% to 5% of clean surgical procedures per-
formed will result in an SSI.> Exogenous
sources of contamination include surgical
personnel, breaks in sterile technique, the

operating room environment, and materi-
als carried into the operating room. A sig-
nificant alternative source of pathogens is
the patient’s own skin flora, mucous mem-
branes, and hollow viscera.b

In an effort to reduce SSIs, many pre-
ventive measures have been proposed, as
outlined by the Centers for Disease Con-
trol and Prevention and the Medicare
Quality Improvement Community’s Sur-
gical Care Improvement Project.® These in-
clude patient and skin preparation, sur-
gical team hand/forearm antisepsis,
antimicrobial prophylaxis within 1 hour
of incision, restriction of operating room
traffic, hair clipping in the operating room,
patient core body temperature control,
asepsis, meticulous surgical technique, and
postoperative incision care. A variety of
skin preparation products may be used, in-
cluding iodophors, alcohol-containing
products, and chlorhexidine gluconate. In
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Table 1. Inclusion and Exclusion Criteria for Enrollment

Inclusion Criteria Exclusion Criteria

Scheduled for open, class
1 clean inguinal hernia
repair.

Aged 18y or older.

Able to complete mean
(SD) 30 (5) d follow-up.

Able and willing to provide
informed consent.

Known sensitivity to cyanoacrylate,
formaldehyde, or acetone products or
iodine or iodine-containing products.

Surgical procedures involving mucous
membranes or eyes.

Laparoscopic surgical procedures.

Evidence of coexistent infection at a remote
body site.

Skin rashes or exfoliative condition on the
day of surgery.

History of keloid formation.

Currently receiving high-dose steroid
treatment.

Currently receiving immunosuppressive
therapy.

Chemotherapy treatment within 30 d of
current surgery.

Diagnosis of diabetes with HbA;; > 7.0%
obtained within 90 d.

Use of oral, IV, or topical (in expected area
of incision) antibiotics within 10 days
prior to the day of surgery.

Pregnant or nursing.

Participation in any other study of an
investigational drug or device within 2 wk
prior to the current surgical procedure.

Abbreviations: HbA,,, hemoglobin As; IV, intravenous.

addition, an antiseptic-impregnated adhesive drape may
be applied to the operative field (though this has been
shown to have no effect on SSI, and in some cases may
increase SSI).” Despite these perioperative tactics, bac-
teria continue to survive at the skin level and migrate to
contaminate the wound, leading to SSI.®

A microbial skin sealant (InteguSEAL; Kimberly-
Clark Healthcare, Roswell, Georgia), has been devel-
oped that uses cyanoacrylate technology to seal endog-
enous skin flora, thus reducing wound contamination.
Liquid ethylcyanoacrylate has been determined safe for
human use by the National Toxicology Program and the
United Kingdom Health and Safety Executive.’ Itis a film-
forming liquid that is intended for use following typical
perioperative skin preparation, such as iodophors, alcohol-
containing products, and chlorhexidine gluconate, and
is applied prior to surgical incision. The microbial seal-
ant bonds to the skin with the intent of isolating and im-
mobilizing any surviving resident skin flora, including
those remaining in the hair follicles.

The purpose of the sealant is to reduce the risk of sur-
gical wound contamination by skin flora during an op-
eration. This clinical trial was designed to compare the
safety and effectiveness of microbial sealant in reducing
the incidence of surgical incision bacterial contamina-
tion relative to surgical skin preparation alone. The pri-
mary outcome measure was to compare the proportion of
patients in the 2 study groups who remain without bac-
terial contamination during surgery. The secondary
outcome measures were to quantify the prevalence of an-
tibiotic-resistant Staphylococcus aureus (eg, methicillin-
resistant S aureus [MRSA]) in the wound during surgery,
characterize any differences in postoperative SSI, and de-

termine potential factors in developing SSI. The safety out-
come was the monitoring of adverse events during the
study, giving particular attention to differences in wound
healing.

o =TS

PATIENT RANDOMIZATION

This prospective randomized multicenter clinical trial was ini-
tiated at 6 high-volume academic institutions in the United States
after appropriate institutional review board approval. All pa-
tients underwent an open inguinal hernia repair. Inclusion and
exclusion criteria for screening are listed in Table 1. Patients
were randomized using a 1:1 allocation to receive either a stan-
dard surgical skin preparation (10% povidone-iodine; control
group) or standard skin preparation followed by application of
InteguSEAL (microbial sealant group). The sealant was applied
as a single coat to the operative field prior to draping after the
povidone-iodine had dried. The sealant was then allowed to dry
completely prior to draping. To standardize and ensure correct
and safe application of the microbial sealant, all principal inves-
tigators were given hands-on instruction regarding use of the ap-
plicator prior to enrollment of subjects. Surgeons were allowed
to perform the open inguinal hernia repair based on their per-
sonal preference with respect to hair clipping, perioperative an-
tibiotics, surgical technique, and use of mesh.

Each investigational site was supplied with sealed enve-
lopes. The randomization schedule was blocked within the in-
vestigational center to provide assurance that approximately
equal numbers of patients will be randomized to each study
group at each center. For randomization development, SAS ver-
sion 9.1 was used. Owing to the nature of the various skin prepa-
ration treatments, it was not possible to mask the surgeon from
knowledge of the assigned study group. However, the micro-
biological evaluation was performed by an independent mi-
crobiological core laboratory that had no knowledge of the ran-
domized study group.

MICROBIAL WOUND SAMPLING METHOD

All patients underwent intraoperative microbial wound sam-
pling at 2 stages during the inguinal hernia operation: (1) im-
mediately following the skin incision, prior to the opening of
the external oblique muscle and (2) prior to the conclusion of
the surgery, immediately after the external oblique muscle was
sutured. The sampling method, as previously described by Tam-
melin et al,'® was standardized for all the centers using precut
sterile 1 X 4-cm nylon filters. At each sampling point, using sepa-
rate sterile forceps provided with each filter, 1 filter was placed
on each of 2 insides of the incision and allowed to incubate for
30 seconds. Each filter was then transferred to a blood agar plate
for culture for a total of 4 samples per patient. In addition, 1
filter per patient per stage served as a control and was trans-
ferred directly from the sterile packaging to the agar plate. The
microbial wound samples were received and processed at the
core laboratory within 24 hours of surgery for both qualitative
and quantitative counts of gram-positive bacteria. Patients were
considered to have a positive primary outcome if no bacteria
were cultured from either stage of the wound sampling, ie, 0
colony forming units (CFUs).

DATA COLLECTION

At the preoperative visit, demographic information and medi-
cal histories were obtained from each patient. Select surgical
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characteristics were recorded while in the operating room, in-
cluding incision length, procedure time, antibiotic use, use of
mesh, and wound closure methods. Patients were followed up
at 2 and 4 weeks postoperatively to assess the incisions for signs
of infection such as pain, swelling, erythema, drainage, warmth,
and dehiscence. Information on adverse events was collected
throughout the study for up to 30 days, and the principal in-
vestigator determined their relationship to the investigational
device. Deviations from the study protocol and subject with-
drawals were also recorded. A patient was considered lost to
follow-up following 4 unsuccessful attempts to contact them.

SAMPLE SIZE CALCULATION

Owing to the paucity of wound contamination data available for
the unique microbial wound sampling technique used in this trial,
asample size calculation could not be completed prior to enroll-
ment. A porcine study provided preliminary evidence as to how
much contamination might be present in human surgical inci-
sions. In this study (data at Kimberly-Clark Health Care), a sig-
nificantly lower number of bacteria were recovered from inci-
sions where microbial sealant was used (mean, 1.3 CFUs) as
compared with the control group (mean, 6.3 CFUs; P<<.002).
Therefore, a sequential design was used to test the data for sig-
nificance during an interim analysis and to use this interim analy-
sis as an opportunity to power the rest of the study. Based on the
animal data, it was assumed that 50% of the control patients had
sterile wounds, defined as 0 CFUs. The microbial sealant group
was assumed to have 73% of the patients free of wound contami-
nation, a conservative estimate given the findings of the animal
study. To have 90% power to detect a difference between 50%
and 73% at an experiment-wide, 2-tailed error rate of 5%, a mini-
mum of 103 patients are required per group. The interim analy-
sis was planned to occur when a minimum of 52 patients had been
enrolled in each arm of the study (n=104). The O’Brien-
Fleming spending function was used to determine the following
boundaries: (1) At the interim analysis, the trial will stop if the P
value in either direction is less than .003. (2) At the final analy-
sis, the P value must be less than .047 to claim superiority.

The interim analysis showed that 80% of wounds were ster-
ile immediately following surgical incision, with a 10% ob-
served difference in the incidence of wound contamination be-
tween the 2 study groups. This provided a sample size of 742
patients required to detect a 10% difference with 80% power.
Enrollment continued after interim analysis until September
2006, when regulatory approval was granted by the Food and
Drug Administration for this class Il investigational device, based
on a parallel path. That is to say, animal data using similar meth-
odology was included to obtain regulatory approval of this in-
vestigational device.

STATISTICAL ANALYSIS

For all statistical analyses, SAS version 9.1 (SAS Inc, Cary, North
Carolina) was used. A 2-tailed significance level of .05 was used
for all comparisons to assess significance. The x* test was used to
compare all categorical variables, and the 2-sample t test was used
for all continuous variables. Multivariate logistic regression was
used in the final analysis to determine the odds ratio of all po-
tential factors for wound contamination. For the interim data analy-
sis, the O’Brien-Fleming statistical boundary was used."

BN RESULTS R

From July 2005 to September 2006, 177 patients under-
went elective open inguinal hernia repair and were en-

‘ 177 Study enrollment ‘

‘ 88 Microbial sealant ‘ ‘ 89 Control ‘

‘ 83 Evaluable for efficacy™ ‘ ‘ 83 Evaluable for efficacy® ‘

20 Lost to follow-up | <€— —>| 9 Lost to follow-up

Y Y
‘ 68 30-Day test of cure ‘ ‘ 80 30-Day test of cure ‘

Figure 1. Flow chart of enrollment characteristics. * Indicates 4 protocol
deviations, 1 incomplete sampling; 1, 5 protocol deviations, 1 incomplete
sampling.

Table 2. Patient Demographics
and Preoperative Characteristics
No. (%)
I Microbial Control I

Baseline Sealant Group Group P
Characteristics (n=88) (n=89) Value
Mean (SD) age, y 52.7 (15.9) 54.1 (14.9) .55
Male 84 (95.5) 86 (96.6) .72
Hispanic or Latino 21 (23.9) 22 (24.7) .89
Race 43

White, including Hispanic 66 (75.0) 75 (84.3)

or Latino

African, African American 14 (15.9) 10 (11.2)

Asian or Pacific Islander 5(5.7) 1(1.1)

Other 3(34) 3(3.4)
Tobacco use 28 (31.8) 34 (38.2) .37
Obesity? 27 (30.7) 18 (20.2) ik
Diabetes mellitus 2(2.3) 4 (4.5) .68

2Defined as body mass index (calculated as weight in kilograms divided
by height in meters squared) of 30 kg/m? or greater.

rolled in the study. Of these, 166 (94%) were evaluable
for effectiveness of the sealant and 148 (84%) com-
pleted their test of cure after 30 days (Figure 1). Pa-
tients were equally distributed between the microbial seal-
ant and control groups within each study center.
Patient demographics and preoperative characteris-
tics are presented in Table 2. There were no statistically
significant differences between the 2 study group popu-
lation demographics. The majority of the patients were men
(96%), with an average age of 53 years (range, 21-86 years).
Six patients (3.4%) had a history of diabetes mellitus, 35%
were tobacco users, and 25% were obese, with a body mass
index (calculated as weight in kilograms divided by height
in meters squared) of 30 kg/m? or greater. Only 7 pa-
tients had comorbid clinical characteristics that have been
reported to be associated with wound complications, such
as hyperhidrosis, eczema, psoriasis, or an autoimmune dis-
ease. One patient had a history of a previous SSI.
Perioperative care was similar in both study groups
(Table 3). One patient in the microbial sealant group
had missing data. A preoperative antiseptic shower was
performed by 47 of 176 (27%) patients. All but 3 pa-
tients underwent hair removal. Of those, more than half
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Table 3. Preoperative and Operative Characteristics
of Patients

No. (%)
I Microbial I P
Characteristics Sealant Control Value
Preoperative (n=87)2 (n=89)
Antibiotic shower 23 (26.4) 24 (27.0) .94
Hair removal 84 (96.5) 89 (100) 12
Clipping® 45/80 (56.3)  47/83 (56.6)
Shaving? 35/80 (43.8)  36/83 (43.4)
Prophylactic antibiotics 61 (70.1) 70 (78.7) 19
Operative (n=88) (n=89)
Mesh implanted 71 (81.6)2 72 (80.9) .90
Mean (SD) length of 7.1(2.0) 7.1(2.5) .99
incision, cm
Mean (SD) duration of 73.7 (28.4) 75.6 (31.5) .66
surgery, min
Skin closure using sutures 87 (98.9) 88(98.9) >.99
Wound covered with a 77 (87.5) 80 (89.9) .62

dressing

20ne patient’s data missing.
bData shown for evaluable patients only (n=166).

were done with hair clippers. Prophylactic antibiotics were
administered to 131 of 176 (74%) patients. Some sur-
geons did not routinely administer prophylactic antibi-
otics for hernia repair surgery. Data regarding the type
of antibiotic and the timing of antibiotic administration
were not recorded.

There were no statistically significant differences in
operative characteristics between the 2 study groups
(Table 3). Most patients had mesh implanted during their
hernia repair (143 of 176; 81%). All operations used a
standard inguinal incision averaging 7.1 cm and were per-
formed in an average of 75 minutes (range, 25-195).

Application of the investigational device was as-
sessed by the surgeons and deemed to be without diffi-
culty. For 4 patients, the surgeons reported some diffi-
culty incising through the clear film, with no difficulties
reported with suturing of wounds. One surgeon re-
ported visible flaking of the film during the procedure.

Most patients did not maintain a sterile wound dur-
ing surgery (101 of 166; 61%). The bacterial contami-
nation in the wounds ranged from 0 to more than 200
CFUs. The median bacterial count was similar between
the microbial sealant and control groups (1 CFU vs 2
CFUs, respectively); they also had similar bacterial counts
in the 75th percentile (10 CFUs vs 11 CFUs). Patients’
wounds that were microbially sealed were more likely
to remain sterile throughout the study than those of the
control group (39 of 83 vs 26 of 83; P=.04). At the ini-
tial skin incision, wounds were more likely to be sterile
in the microbial sealant group (71 of 83 vs 62 of 83; P=.08)
(Figure 2). With time, the wound bacterial contami-
nation rate increased in both study groups; however,
wounds pretreated with microbial sealant were more likely
to remain sterile (41 of 83 vs 31 of 83; P=.11).

Bacterial contamination by gram-positive organisms
was found in 44 of 83 (53%) patients pretreated with mi-
crobial sealant and 57 of 83 (68.7%) patients in the con-
trol group. The microbial sealant group was most com-

1007 I Microbial

sealant
I Control

75

50

25

Patients With Sterile Wounds, %

Initial Incision End of Surgery

Figure 2. Proportion of patients with sterile wound as a function of time
(P>.05). Sterility is defined as 0 colony forming units found in a microbial
sample of wound both immediately after incision and prior to skin closure.

monly contaminated by gram-positive organisms, of which
43 (97.7%) had gram-positive cocciand 43 (97.7%) had
coagulase-negative S aureus. In the control group, 56 of
57 (98.2%) had gram-positive cultures, of which 55
(98.2%) had gram-positive cocci and 55 (98.2%) had co-
agulase-negative S aureus. Methicillin-resistant S aureus
was not identified in any of the cultures.

Of the 166 evaluable patients, 124 (75%) received pro-
phylactic antibiotics. Some centers did not routinely use
prophylactic antibiotics for elective inguinal hernia re-
pairs, based on surgeon preference. Of those who re-
ceived prophylactic antibiotics, 67 patients (54%) had bac-
terial contamination of their wound. Patients pretreated
with microbial sealant in the presence of antibiotic pro-
phylaxis were significantly less likely to have bacterial
wound contamination (44% vs 63%; P=.03). Hair re-
moval was performed prior to surgery in 163 of 166 (98%)
of all evaluable patients. Hair clippers were used for 92
patients (56%), and 60 patients (65%) had bacterial con-
tamination of their wound. Patients pretreated with mi-
crobial sealant following clipping were significantly less
likely than control participants to have bacterial con-
tamination (53% vs 77%; P=.02).

To help differentiate the independent contribution of
factors such as prophylactic antibiotics or hair clipping from
the bacterial wound contamination rate, multivariate lo-
gistic regression analysis was performed. Potential factors
that affect SSI rates were included in this analysis, ie, study
group, use of prophylactic antibiotics, hair clipping, sur-
gical duration, and length of incision. Hair clipping, length
of incision, and surgical duration were not found to have
an independent effect on bacterial contamination of the
wound (Table 4). However, use of prophylactic antibi-
otics (odds ratio,0.24; P=.001) and pretreatment of the
wound with microbial sealant (odds ratio,0.447; P=.02)
were both shown to be independent factors that pro-
tected against bacterial wound contamination.

ADVERSE EVENTS
Sixty-one percent of the evaluable patients (101 of 166)

had wounds with bacterial contamination; however, this
did not necessarily translate into an SSI, a secondary out-

(REPRINTED) ARCH SURG/VOL 143 (NO. 9), SEP 2008

888

WWW.ARCHSURG.COM

©2008 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 03/12/2022



Table 4. Independent Factors That Affect Incidence
of Bacterial Wound Contamination During Hernia Surgery

Parameters OR (95% CI) P Value
Microbial sealant? 0.447 (0.228-0.875) .02
Prophylactic antibiotics? 0.239 (0.099-0.576) .001
Hair removal using clippers 1.694 (0.859-3.338) 13
Length of incision 0.976 (0.646-1.473) 91
Surgical duration 0.991 (0.979-1.004) A7

Abbreviations: Cl, confidence interval; OR, odds ratio.

2Use of prophylactic antibiotics and pretreatment with microbial sealant
were found to be statistically significant at independently reducing bacterial
wound contamination.

Table 5. Serious Adverse Events by Treatment Group

No.

I ]
Adverse Event Microbial Sealant Control
Admission for SSI due to MRSA 0 1
Groin hematoma 0 1
Chest pain 0 1
Dyspnea 0 1
Scrotal edema 0 1
Knee pain 0 1

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus,
SSI, surgical site infection.

come measure for this trial. Only 3 patients developed SSIs;
all were in the control group, with all cultures positive for
S aureus. One of these patients had a deep infection with
MRSA and was admitted to the hospital for wound de-
bridement, mesh removal, and intravenous antibiotics. All
other serious adverse events also occurred in the control
group and resolved at the final follow-up (Table 5). Non-
serious adverse events are listed in Talble 6. One patient
in the microbial sealant group had skin irritation.

BN COMMENT By

The primary outcome measure of this trial was to deter-
mine the effect of InteguSEAL microbial sealant on wound
contamination during elective open inguinal hernia re-
pair. Patients who were treated with microbial sealant prior
to skin incision had a lower rate of wound contamina-
tion immediately after incision; this trend lasted the du-
ration of the surgery. Pretreatment of the incision area
with microbial sealant after standard skin preparation was
shown to be superior to standard skin preparation alone
in preventing wound contamination. Patients in the mi-
crobial sealant group were 50% more likely to have ster-
ile wounds than the control group. The effect of micro-
bial sealant on maintaining a sterile wound was even more
pronounced when combined with the positive effects of
prophylactic antibiotic use and hair clipping on wound
contamination. Also, use of microbial sealant was shown
to be an independent factor in protecting against wound
contamination during surgery. The only other indepen-
dent protective factor against wound contamination was
shown to be use of prophylactic antibiotics.

Table 6. Nonserious Adverse Events by Treatment Group

No.
Adverse Event IMicrohial Sealant CumrolI
Scrotal edema, hematoma 3 2
SSls 0 2
Wound dehiscence 1 0
Incisional pain, swelling 1 1
Skin irritation@ 1 0
Constipation 0 1
Incisional bleeding 1 0
Urinary frequency 0 1
Numbness in groin 1 0
Sinusitis 0 1
Transsection of spermatic cord 1 0
Urinary retention 1 1
Headache, dizziness 0 1
Epigastric hernia drainage 1 0
Decreased limb sensation 0 1
Spinal headache 1 0

Abbreviation: SSls, surgical site infections.
2Possibly attributable to investigational device; no further treatment
needed.

The secondary outcomes of this trial were to assess SSI
and the prevalence of MRSA in this population. No MRSA
was cultured from the microbial sampling of the wounds.
Only 3 patients (1.7%) developed an SSI, with 84% avail-
able for follow-up, which is similar to findings reported
by specialized hernia surgery clinics.'> One of the SSIs was
due to MRSA, though MRSA was not cultured intraopera-
tively. All infections were in the control group; however,
owing to the low overall incidence, superiority of micro-
bial sealant in preventing SSI cannot be established.

The microbial sealant was deemed safe, as no serious
adverse events were reported; 1 patient developed skin
irritation that resolved on its own. Surgeons reported no
difficulty in applying the microbial sealant; there were 4
reports of difficulty incising through the clear film and
1 episode of visible flaking of the film during surgery.

This is the largest prospective randomized controlled
trial using a wound sampling outcome measure. This
showed that clean class I wounds will be contaminated with
gram-positive organisms up to 60% of the time and that
contamination increases as a function of surgical time. The
question that remains is whether wound contamination cor-
relates with SSI. Although numerous publications have pre-
sented the incidence of surgical site infections and have pro-
vided very specific incidence rates depending on factors such
as surgery class, patient risk factors, and surgery duration,
very little has been published documenting the frequency
and/or bacterial counts of surgical wound contamina-
tion.! Those publications that do exist vary greatly in time,
sampling methods, surgical procedures, and most nota-
bly, results. Dewan et al® reported 18.4% of clean or clean-
contaminated surgical procedures exhibiting wound con-
tamination using bacterial culture swabs. Garibaldi et al®
reported 4% to 15% of clean elective surgical procedures
exhibiting more than 50 CFUs using 5-p Millipore filter
pads (Millipore, Billerica, Massachusetts), depending on
the skin preparation method used. Whyte et al** reported
approximately half of 188 patients undergoing cholecys-
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tectomies exhibiting wound contamination using 4- X 7.5-
cm viscose-polyester-polyamide pads. For cardiac sur-
gery, 100% of patients were found to be contaminated, using
2- X 7-cm viscose-polyester-polyamide pads for micro-
bial sampling.'®

In this study, though wound contamination rates in-
creased with time, few SSIs developed. Also, there was
no correlation between the extent of wound contamina-
tion, such as the number of CFUs, and developing an SSI.
The median wound contamination in this study was low,
atonly 1.5 CFUs. Given the low bacterial load within the
wound, no correlation between wound contamination and
SSI can be made. Though all SSIs occurred in the con-
trol group, the low incidence of SSI overall precludes sta-
tistical analysis. Perhaps a larger study or one using this
microbial sampling method in clean-contaminated
wounds may be able to answer the question, “How much
wound contamination is clinically significant?”

Another limitation of this study is the lack of standard-
ization of perioperative factors that may influence wound
contamination rates, such as appropriate antibiotic selec-
tion, prophylactic antibiotic timing, hair clipping, normo-
thermia, euglycemia, and oxygenation. Though most sur-
geons are aware of the importance of reducing the incidence
of perioperative wound contamination, the recent intro-
duction of the Surgical Care Improvement Project guide-
lines has encouraged, provided incentives for, and pro-
vided an infrastructure for national data collection to meet
these quality improvement activities.”” These guidelines have
been shown to significantly reduce SSI; however, until now,
there has been no data to suggest that intraoperative wound
contamination is also affected by these measures. This study
has shown that use of prophylactic antibiotics, not hair clip-
ping, surgical duration, or wound length, can signifi-
cantly reduce wound contamination and lead to a sterile
wound throughout surgery. Itis possible that a larger sample
size would yield different results.

With the growing interest in improving surgical out-
comes, surgeons are encouraged to take precautions at
multiple levels to reduce SSI1.>" Strict adherence to Sur-
gical Care Improvement Project guidelines has been
shown to statistically reduce, but not completely pre-
vent, SSIs. The addition of cyanoacrylate-based micro-
bial sealant may be useful as an adjunct to reduce the in-
cidence of wound contamination in all operative fields,
even clean ones, and possibly further reduce SSIs.
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BEE  DISCUSSION B

Jonathan R. Hiatt, MD, Los Angeles, California: This contri-
bution comes to us from a group of investigators with a record
of many substantial contributions to the study of surgical in-
fectious diseases. In an effort to decrease wound contamina-
tion from resident skin flora, Dr Towfigh and colleagues per-
formed a prospective, randomized trial of InteguSEAL, a
cyanoacrolate-based liquid microbial sealant in adult patients
undergoing elective inguinal hernia repair in 6 academic cen-
ters. The sealant is intended to trap bacteria and in this way
hinder their migration from skin to wound. Baseline charac-
teristics of 88 study patients who received the sealant and 89
control patients were similar, as were nonstandardized peri-
operative variables including hair removal, antibiotic prophy-
laxis, operative duration, length of incision, and use of mesh.
The primary reported outcome measure was the presence or
absence of organisms in the surgical wound at the beginning
and end of the operative procedure. The sealant was some-
what protective in that wounds of study patients were signifi-
cantly more likely to remain sterile during the procedure. In-
dependent factors affecting wound contamination were microbial
sealant and prophylactic antibiotics. Although SSIs with S au-
reus occurred in 3 control patients only, the difference in SSI
incidence was not significant. There were no important ad-
verse events related to the sealant device.

A unique observation of the study is that fewer than half of
the wounds were sterile at the end of the 75-minute opera-
tions, and the usual contaminating organisms, as expected, were
gram positive. The degree of contamination was small, and it
was not possible to show that this contamination produced clini-
cal infection, but the observation does add to our knowledge
about potential epidemiology of SSI.

I have several questions for the authors. First, I note that
the InteguSEAL device is available, it has a Web site, and you
have to allow 2 minutes for it to dry. Do you recommend that
it be used? If so, what are the specific indications? Next, how
should we use your observation about wound contamination

in clean elective surgery? Is this an avenue for further re-
search, and how might practice be changed? Finally, it was in-
teresting to note that there was considerable variation in aca-
demic practices regarding antibiotic showers, shaving, and
antibiotic prophylaxis in elective herniorrhaphy. What are the
best practices?

Dr Wilson: When should the cyanoacrylate be used, and
what are the indications? In the 40 operations that I per-
formed for the study, I found 2 advantages. First is that the skin
sealant provides a better physical barrier between the skin and
the operative field than standard plastic drapes which lift up
at the edges as the operation proceeds. Also, in some areas, such
as skin folds in the neck or the groin and the extremities where
adhesion of drapes is difficult, it's much easier to apply the skin
sealant and have it secure for the duration of the procedure.

The second indication is that the liquid cyanoacrylate ad-
hesive may be a consideration in prosthetic implant surgery
where the number of bacteria essential to cause an infection is
much lower. In fact, I think Dr Towfigh has opened up a ques-
tion that deserves further study, specifically in quantization of
the number of bacteria necessary to result in infection in cer-
tain at-risk procedures.

Dr Hiatt’s next question was how should we use this obser-
vation? The practical use to me is that the lowest bacterial con-
tamination rate was found in the group that had both peri-
operative antibiotics plus the skin sealant.

Regarding further research, first of all there has been, since
we composed this paper, a publication from the Medical Uni-
versity of Berlin showing a decrease by half, 3.8% to 1.7%, in
wound infections after cardiovascular surgery using the cya-
noacrylate sealant. What I would like to see would be a large
prospective, randomized trial in North America, and I would
recommend orthopedic implant surgery.

I feel it a little presumptuous to dictate best practices, Dr
Hiatt, but nevertheless I will have a go. I think good practice
would be antiseptic showers at home before operation, hair clip-
ping the morning of surgery, and skin prep with either an ido-
phor or chlorhexidine gluconate. Finally, I am convinced more
than ever that the routine use of preoperative antibiotics is help-
ful in preventing wound infections.
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