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Background: The need to gown for labor epidural catheter insertion is
controversial. The American Society of Regional Anesthesia and Pain
Medicine has identified a lack of randomized controlled trials investigating
this issue. The purpose of this study was to examine the effect of gowning
on colonization rates following epidural catheter insertion for labor analgesia.
Methods: Following research ethics board approval and informed written
consent, parturients were randomized to undergo epidural analgesia with
the anesthesiologist either ungowned or wearing a sterile gown. Cultures
were obtained from each of the operator forearms, the work area under
the insertion site, and from the epidural catheter tip as well as from the
catheter segment adjacent to the insertion site. The primary outcome was
growth of any microbial organisms from the cultured sites.
Results: Two hundred fourteen patients completed the study. There
were no significant differences in catheter-tip colonization rates be-
tween the ungowned and gowned groups (9.2% vs 7.6%, respectively).
The most common microorganism that was cultured was coagulase-
negative Staphylococcus.
Conclusions: The use of gowns in the current study did not affect cath-
eter colonization rate. Overall, there was a relatively high incidence of
catheter-tip colonization in both groups, which underscores the need for
strict aseptic technique.

(Reg Anesth Pain Med 2014;39: 520–524)

Infectious complications associated with epidural analgesia are
exceedingly rare events that may result in devastating morbidity

and mortality.1,2

The reported incidence of epidural catheter colonization varies
from 0% to 28%3–5 but has been reported to be as high as 53.1%.6

Potential sources by which bacteria can be introduced into the epi-
dural space include hematogenous migration from a remote in-
fected site within the body, external contamination due to poor

aseptic technique,7,8 contaminated infusate solutions, disconnec-
tion of epidural catheter hubs and tubing, or local contamination
from the patient’s skin flora due to inadequate application of anti-
septic solution.9 Although breaches in sterility place patients at
risk for preventable infections,10 the standards of aseptic tech-
nique vary based on physicians’ experience and on the local stan-
dards of practice especially when it comes to gowning for the
procedure.11 Gowning is considered standard practice in many
parts of Europe, whereas in North America gowning for labor epi-
dural catheter insertion is less common.11 Recognizing this, the
American Society of Regional Anesthesia and Pain Medicine
created a task force to examine and suggest guidelines for
aseptic practice.12 Its findings emphasize the lack of randomized
controlled trials to support specific recommendations. This is
especially true in regard to the use of sterile gowns during the
performance of neuraxial anesthesia. Similarly, the recommendations
in the American Society of Anesthesiologists’ practice advisory
are equivocal, stating that “The literature is insufficient regarding
the efficacy of aseptic techniques during neuraxial procedures in
reducing infectious complications.”13

The purpose of this study was to examine the effect of gown-
ing on bacterial contamination and colonization rates during labor
epidural catheter insertion. We hypothesized that there would be
a decreased incidence of contamination of epidural equipment
and colonization of epidural catheters in the gowned group.

METHODS
The study was approved by the local research ethics board

(REB no. 09-0075-E) and registered with ClinicalTrials.gov
(NCT01235858). Informed written consent was obtained from
all participating patients and anesthesiologists. All members of
the anesthesia team including residents, clinical fellows, and at-
tending anesthesiologists participated in the study. Parturients
with an American Society of Anesthesiologists physical status I
or II in active labor and requesting epidural analgesia were en-
rolled. Using a sealed envelope randomization system, they were
assigned to undergo epidural analgesia with the anesthesiologist
either wearing a sterile gown or not wearing one. Parturients were
excluded from participation if they were febrile, received antibi-
otics within the previous 48 hours, or had a preexisting skin in-
fection or a history of immune deficiency state. Participation in
the study was discontinued if parturients had more than 3 epidural
insertion attempts (needle withdrawn to skin level and reinserted),
or received antibiotics at any time before the removal of the epidu-
ral catheter.

To account for technical difficulties encountered during epi-
dural catheterization, we collected information on patients’ body
mass index (BMI), total number of attempts, and time required
for the procedure defined as time in minutes from the insertion of
the epidural needle to the fixation of the epidural catheter. The du-
ration of epidural catheterization was recorded before its removal.
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The current standard of practice for labor epidural catheter
insertion at the study center includes several components.14 After
removal of jewelry, hand and forearm washing with an antimicro-
bial soap and water is performed prior to contact with the patient.
A freshmask and surgical hat areworn by the anesthesiologist and
other support personnel present in the room. The patient’s hair is
also covered by a surgical hat. The epidural insertion site is pre-
pared with sterile swabsticks containing 2% wt/vol chlorhexidine
gluconate and 70% vol/vol isopropyl alcohol. Three prep sticks
are applied in horizontal strokes, proceeding from a cephalad-to-
caudad direction. The operator’s hands and arms are disinfected
up to the elbows using 70% alcohol gel and air dried. At this point
in the gowned group, epidural practitionerswear sterile gowns and
then put on sterile gloves. The patient’s back is covered by a sterile
drape. Required solutions (local anesthetics, saline) are poured
into a sterile receptacle by an assistant away from the sterile field.
Following completion of the procedure, the drape is removed;
a sterile 3M Tegaderm transparent film dressing with border
size of 4 ! 4¾ inches (10 ! 12 cm) (3M, St Paul, Minnesota)
is applied to the epidural insertion site and then sealed by a clear
plastic tape frame.

Parturients randomized into group 1 had an epidural catheter
inserted by an anesthesiologist according to the current standard
practice described above. Parturients in group 2 had an epidural
catheter inserted by a gowned anesthesiologist. Other than gowning,
all aseptic measures were identical in both groups. A sterile Arrow
FlexTipPlus continuous epidural anesthesia tray (Arrow Interna-
tional, Reading, Pennsylvania) was used. All epidural catheteriza-
tions were performed with the patient in a sitting position. The
insertion point at either the L3-L4 or L4-L5 vertebral interspace
was identified by palpation using the Tuffier’s line as the land-
mark that corresponds to the spinous process of the L4 vertebrae.
Following a standard test dose, a loading dose of bupivacaine
0.125% 10mL and 50 μg of fentanylwas given to all patients. Epi-
dural catheters were connected to a continuous infusion system
equipped with a 0.2-μm filter and infusing 0.0625% bupivacaine
with 2 μg/mL fentanyl. The patient-controlled epidural analgesia
settings were as follows: bolus dose of 5 mL with a lockout of
10 minutes and continuous infusion rate of 10 mL/h.

Cultures and Microbiology
A total of 5 cultures were obtained in each case. Two samples

were taken from the operator’s forearms after hand and armwash-
ing was completed (either from the bare forearms or from the
gown). Another sample was collected from the working area by
placing sterile disposable 100! 15-mm plastic Petri dishes imme-
diately below the epidural insertion site under the operator’s
hands. All the Petri dishes were covered by sterile lids and handed
over to the nurse as soon as the epidural was secured with a sterile
dressing. Lastly, upon removal of the epidural catheter, it was cul-
tured from 2 sites: the distal epidural catheter tip segment and the
segment adjacent to the skin at the insertion site. All sample col-
lections were performed using aseptic technique as follows.

A 10 ! 10-cm area from the operator’s bare forearms in the
ungowned group and from the gown in the gowned group was
swabbed following the hand and forearm washing. The swabs were
obtained using transport medium premoistened sterile Dacron-
tipped applicators (DuPont, Wilmington, Delaware). Swabs were
coded, placed in 1.0 mL thioglycolate broth (BBL; Becton-
Dickinson, Cockeysville, Maryland), and hand delivered to the
microbiology laboratory. After 24 hours of incubation at 37°C,
the broth was subbed to a single blood agar plate. At this time, a
sweep of the plate was frozen in skim milk or glycerol, so that

colonies of bacteria isolated from the practitioner’s skin could
be compared with catheter-tip colonies.

During the procedure, a sterile blood agar plate was placed
inside the sterile field working area directly underneath the epidu-
ral insertion site. The plate was covered immediately following
the procedure and hand delivered to the microbiology laboratory
where it was incubated aerobically at 37°C for 24 hours. The mi-
crobiologist handling the specimens was blinded to the use of
a gown during the procedure. All patients were followed up via
a phone call for the possibility of clinical infection symptoms at
1 week, 1 month, and 3 months following catheter removal. The
questions were standardized for all patients. The questions asked
were as follows:
(1) Following your delivery, did you develop fever and back pain?
(2) Following your delivery, did you develop any bowel or bladder
dysfunction?
(3) Following your delivery, did you develop any neurological
symptoms?

Epidural catheter sampling was performed 1 hour after the
delivery of the placenta during catheter removal. All catheters
were removed aseptically by an anesthesiologist trained in aseptic
sampling of the catheter and wearing sterile gloves and a mask.
The segment adjacent to the insertion site was collected first.
Then, in order to avoid contamination of the distal epidural cath-
eter tip from the surrounding skin during its removal, the area sur-
rounding the insertion site was disinfected with 70% isopropyl
alcohol before the remainder of the catheter was removed after
the alcohol had dried off. Each catheter was cut using sterile scis-
sors and forceps. Two 3- to 5-cm segments from the distal tip and
the insertion sitewere placed in sterile containers and immediately
delivered to the microbiology laboratory. These specimens were
cultured by a modification of the roll-plate technique. Colonies
on each plate were counted, and all organisms were frozen, pend-
ing typing. Catheter colonization was defined as a positive semi-
quantitative tip culture of 15 colony-forming units/mL or more
for the roll-plate method.15

Statistical Analysis
Our primary outcome was a comparison of the colonization

rates of any microbial organism on the catheter tips between the
2 groups. The secondary outcome was the incidence of presence
of the same pathogen on different cultured sites.

Descriptive statistics were calculated for patient and proce-
dure characteristics. Means and SDs were used to summarize con-
tinuous measures that were not highly skewed (eg, BMI), and
medians and interquartile ranges were used to summarize skewed
continuous measures. Student t tests and Wilcoxon rank-sum tests
were used to compare continuous measures across intervention
groups for normally distributed and skewedmeasures, respectively.
Frequencies and percentages were used to summarize the occur-
rence of colonization. To account for the clustered nature of the
data (ie, multiple patients clustered within physician), unadjusted
and adjusted comparisons of colonization across intervention groups
were performed using generalized estimating equations analogous to
logistic regression with a binomial distribution and logit link and
exchangeable correlation matrix (PROC GENMOD, SAS Soft-
ware, version 9.2; SAS Institute, Cary, North Carolina). All tests
were 2-tailed. P < 0.05 was considered statistically significant.

The rate of catheter-tip colonization in the gowned arm of
the trial was assumed to be small; therefore, sample size calcula-
tion was based on Fisher exact test using the method outlined by
Walters.16 Based on the initial data from our pilot cases (total,
50) and using a 2-sided type I error of 5%, a total of 192 patients

Regional Anesthesia and Pain Medicine • Volume 39, Number 6, November-December 2014 Gowning for Neuraxial Analgesia

© 2014 American Society of Regional Anesthesia and Pain Medicine 521

Copyright © 2014 American Society of Regional Anesthesia and Pain Medicine. Unauthorized reproduction of this article is prohibited.



(96 per group) were needed in order to achieve 80% power to de-
tect an absolute difference of 20%. To account for attrition and
technical problems, we increased the desired sample size by
25% to 120 per group.

RESULTS
A total of 240 parturients were randomized and enrolled, and

214 completed the study (Fig. 1). Groups were similar with re-
spect to parturients’BMI. All the epidural procedures that were in-
cluded in the study were completed on the first or second attempt.
There were no differences in the operator characteristics (staff/
fellows/residents) between the 2 groups. The median epidural in-
sertion time starting from the first contact of the epidural needle
with patient’s skin to securing the epidural catheter with a sterile
dressing and the median duration of catheterization were similar
in both groups (Table 1).

Physicians whowere gowned had a significantly lower num-
ber of positive cultures from both forearms. However, there were
no significant differences between the groups in the contamina-
tion rates of the catheter tip, the catheter’s skin-adjacent segment,
or the working area (Table 2).

The most common microorganism isolated in both groups was
coagulase-negative Staphylococcus followed by the Bacillus species.

To test the hypothesis of bacterial fallout from operators’
forearms leading to contamination of the working area, we per-
formed a subanalysis of samples obtained from the working area
only. In the ungowned group, we observed a higher incidence of

colonization with coagulase-negative Staphylococcus, which is a
part of normal skin flora, than Bacillus species, which is the most
common environmental microorganism in hospitals compared
with a much more balanced distribution of the organisms in the
gowned group (P = 0.014). Fisher exact test for differences in or-
ganism distribution between the gowned and ungowned group is
presented in Table 3.

None of the patients developed clinical signs or symp-
toms of infection as defined previously in the patient follow-up
questionnaire.

DISCUSSION
The purpose of gowning is to prevent the passage of bacteria

from the physician’s skin to the sterile equipment or the insertion
site, either through accidental direct contact or bacterial fallout,
that is, bacteria from uncovered areas such as forearms
“sloughing” or shedding onto the sterile field and equipment.

This study is the first randomized controlled trial to examine
the effect of gowning on epidural catheter colonization rates in
parturients. We did not find any association between gowning
and catheter colonization. The most common microorganism iso-
lated was coagulase-negative Staphylococcus. The incidence of
catheter-tip colonization in our study in both groups was found
to be greater than 7%. These results, although far from being con-
clusive, highlight the importance of strict aseptic technique. A
larger sample size in future studies might help clarify the clinical
significance of these findings.

FIGURE 1. CONSORT flow diagram.
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Asepsis is an essential component of any invasive procedure.
The importance of understanding and maintaining sterility during
these procedures is highlighted by several reports in the literature
in which anesthesiologists’ inadequate aseptic technique has been
implicated as the direct cause of infectious complications.7,8 Un-
fortunately, what constitutes “aseptic technique” is not well de-
fined and often depends on the individual’s interpretation of the
fundamental principles of asepsis as well as the standards of prac-
tice in their region.11 For instance, gowning for epidural catheter
placement is common in England, but not in France or the
United States.8 Expert opinion from England suggested “It is ex-
pensive and unsupported by good evidence, but it can only be
safer to do so.”17

The current study did not demonstrate a clear advantage to
gowning in an obstetric population. One of the reasons might be
the typically short period of epidural catheterization in this popula-
tion. Previous studies in nonobstetric patients have demonstrated
a correlation between the duration of epidural catheterization
and infection. Rates of 0.8% to 6% of overt infections of the skin
at the epidural insertion site have been reported after a few days
of catheterization.18 This observation is consistent with the fact
that when epidural catheters are kept in for a longer duration the
risk of deep tissue infection is increased.19,20

Coagulase-negative Staphylococcus, a part of normal skin
flora, was the most common microorganism found in our study.
This finding is consistent with previous studies examining coloni-
zation of indwelling catheters where coagulase-negative Staphylo-
coccus is the main culprit in epidural abscesses.21,22 It supports
the assumption that the most common sources of colonization
and infection are bacteria from the patients’ or the operator’s skin
gaining access to deeper tissue through the catheter insertion
track. In a previous study, bacteria from epidural abscesses have
been traced to Staphylococcus aureus strains from the patient’s
skin flora. 23

The most common environmental microorganism in hospi-
tals is the Bacillus species. 24 We expected that the cultures ob-
tained from the working area under the epidural insertion site

would grow mostly Bacillus species. However, we found a higher
incidence of growth of coagulase-negative microorganisms (nor-
mal skin flora) than Bacillus species on the working area in the
ungowned group, where coagulase-negative bacteria constituted
the majority of cultures. Although based on a limited result, this
could support the assumption that the operators’ skin is the source
of equipment contamination in the ungowned group. Unfortu-
nately, we were not able to determine the exact typing of the or-
ganism because of storage error in our microbiology laboratory
and therefore could not track the origin of the organisms to patient
versus operator.

These findings illustrate the mechanisms by which coloniza-
tion leading to infection may occur. Contamination from both the
operator and the patient can be minimized with meticulous aseptic
technique. Most practitioners appreciate the obvious requirements
of sterile gloves, masks, and skin preparation for sterility.11 How-
ever, the less tangible principles are not well taught and probably
not strictly observed. Examples for such breaches include move-
ment of bare forearms over the sterile field (either by the operator
or the assistant pouring the solutions) or inadvertent contact with
the patient’s skin or the edges of the sterile drape, which are con-
sidered unsterile. Another possible source of colonization of the
insertion site despite skin preparationmay happen during and after
the removal of the sterile drape, when the procedure is complete
and attention to asepsis may be reduced. This could happen from
exposure to patients’ sweat dripping onto the insertion site or dur-
ing the dressing process. Strict attention to these factors that are
under our control may minimize the risk for infection.

There are several limitations to this study.We defined coloni-
zation to be positive when more than 15 colony-forming units of
the same pathogen were identified on the cultured sites in keeping
with definitions of previous studies.15 This definition of coloniza-
tion may not be a predictive precursor of infection. However, pos-
itive colonization is a necessary precursor to infection, and there is
strong evidence that superficial colonization may ultimately trans-
fer into deeper infections. 23

TABLE 1. Participant and Procedure Characteristics by Intervention Group

No Gown (n = 109) Gown (n = 105) P

BMI, mean (SD), kg/m2 29.35 (4.65) 29.95 (4.73) 0.35
No. attempts, median (IQR) 1.0 (1.0–1.0) 1.0 (1.0–1.0) 0.94*
Duration of procedure in minutes, median (IQR) 9.0 (6.0–11.0) 8.0 (5.0–12.0) 0.53*
Duration of epidural catheterization, median (IQR), h:min 8:48 (6:40–11:54) 9:31 (6:26–13:01) 0.43*
Staff/fellow/resident, n 14/31/64 19/35/51 0.302

*Medians presented and Wilcoxon Wilk rank-sum test performed because of skewness in data. Student t tests used for all other comparisons.
IQR indicates interquartile range.

TABLE 2. Number and Percentage of Positive Cultures in the
Studied Groups

No Gown (n = 109)
n,%

Gown (n = 105)
n,% P

Right forearm 23 (21.1) 2 (1.9) <0.001
Left forearm 22 (20.2) 1 (1.0) <0.001
Working area 23 (21.1) 14 (13.3) 0.151
Tip of catheter 10 (9.2) 8 (7.6) 0.807
Skin adjacent
section of catheter

16 (14.7) 14 (13.3) 0.845

TABLE 3. Colonization

No Gown
(n = 109) n, %

Gown
(n = 105) n,%

P*Bacillus CN Staph Bacillus CN Staph

Right forearm 8 (7.3) 14 (12.8) 2 (1.9) 0 (0.0) 0.16
Left forearm 8 (7.3) 16 (14.7) 1 (1.0) 0 (0.0) 0.36
Working area 2 (1.8) 21 (19.3) 7 (6.7) 7 (6.7) 0.014

*Fisher exact test for difference in colonization distribution across
groups among those with positive cultures.

CN Staph indicates coagulase-negative Staphylococcus.

Regional Anesthesia and Pain Medicine • Volume 39, Number 6, November-December 2014 Gowning for Neuraxial Analgesia

© 2014 American Society of Regional Anesthesia and Pain Medicine 523

Copyright © 2014 American Society of Regional Anesthesia and Pain Medicine. Unauthorized reproduction of this article is prohibited.

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




Our sample size calculation was based on our pilot 50 cases
that showed 20% absolute difference between the catheter-tip col-
onization rate in each group. The actual incidence of colonization
was much lower in both study groups, which might have resulted
in an underpowered study. However, according to previous
nonobstetric studies, rates of colonization for epidural catheters
have been reported to be as high as 53%,6 which leads us to be-
lieve that a 20% difference may be reasonable to power this
prospective study.

The incidence of catheter-tip colonization in our study was
fairly low in comparison to some reports in the literature. One of
the reasons for this could be that the aseptic protocol was strictly
observed during the study. Perhaps in “real” clinical practice, we
may have seen a higher rate of colonization.

As mentioned, because of a storage error in our microbiology
laboratory, we were not able to perform type analysis for all the
samples. This prevented us from making definitive conclusions
regarding the exact source of the microorganisms. Also, we cul-
tured only a segment of the forearm, a small area at the insertion
site, and a small collection plate under the work area. We have
no data about environmental contaminants or late contamination
during the catheterization period. These are all potential contami-
nation sources that we have not examined.

Although standardized, the arm-washing technique was not
initially documented. The problem was rectified when this design
flawwas identified.We confirmed handwashing by contacting all
the participants who were not observed; however, this remains a
limitation of the study.

Prolonged rupture of membranes could potentially increase
the risk of infection and is a potential confounder. We did not ex-
clude these patients as this is not a contraindication to neuraxial
anesthesia, and these parturients would receive epidural anesthesia
in the “real world.”

This study highlights an important issue pertaining to the
practice of regional anesthesia. The outcomes associated with epi-
dural infection can lead to major morbidity and mortality. One of
the important contributing factors to infection may be lack of ad-
herence to strict aseptic measures by physicians during the place-
ment of epidural catheters. The use of sterile gowns for labor
epidural procedures is not a standard practice, and there is not
enough evidence to support any specific recommendation. The re-
sults of this study suggest that although gowning could potentially
decrease the role of the forearms as a source of bacterial coloniza-
tion, it did not significantly affect the overall colonization rates.
However, the high incidence of catheter-tip colonization in both
groups accentuates the need for meticulous aseptic measures. Em-
phasis should therefore be put on all aspects of aseptic techniques
whether gowning is performed.
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