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ABSTRACT
Background Patients with traumatic wounds frequently
present to the ED. Literature on whether to treat these
wounds sterile or non-sterile is sparse. Non-sterile
treatment has the advantage of saving resources and
costs, and could be of value in health settings where
sterile materials are not readily available. Our objective
was to compare the rate of wound infection after
suturing traumatic lacerations with non-sterile gloves
and dressings versus sterile gloves, dressings and drapes
in the ED. We hypothesised that non-sterile gloves
and dressings would be non-inferior to sterile gloves,
dressings and drapes. The non-inferiority margin was set
at 2%.
Methods A multicentre single-blinded randomised
controlled trial testing for non-inferiority of non-sterile
gloves and dressings versus sterile gloves, dressings and
drapes for suturing of traumatic wounds was performed
in 3 EDs in The Netherlands. Adults with uncomplicated
wounds were included from July 2012 to December
2016. At the time of treatment, patient and wound
characteristics and management were documented. The
outcome was wound infection, which was identified
during follow-up in the treating ED at 5–14 days
postprocedure.
Results From 2468 eligible patients, 1480 were
randomised in a sterile (n=747) or non-sterile (n=733)
protocol. Baseline characteristics were similar in both
study arms. The observed wound infection rate in the
non-sterile group was 5.7% (95% CI 4.0% to 7.5%) vs
6.8% (95% CI 5.1% to 8.8%) in the sterile group. The
mean difference of the wound infection rate of the two
groups was −1.1% (95% CI −3.7% to 1.5%).
Conclusion Although recruitment ceased prior to
reaching our planned sample size, the findings suggest
that there is unlikely to be a large difference between the
non-sterile gloves and dressings for suturing of traumatic
wounds and sterile gloves, dressings and drapes for
suturing of traumatic wounds in the ED.
Trial registration number NL 34798.078.11,
NTR3541.

INTRODUCTION

Patients with traumatic wounds frequently present
to the ED. These wounds arise in non-sterile skin,
in a non-
sterile environment and are caused by

WHAT IS KNOWN ON THIS TOPIC
⇒ There are few studies evaluating whether
the use of sterile versus non-sterile materials
(gloves, dressings and drapes) makes a
difference in the development of wound
infection in lacerations presenting to the ED.
⇒ One single centre study found no difference in
infection rates in sterile versus non-sterile glove
use in traumatic wound repair.
WHAT DOES THIS PAPER ADD
⇒ A large multicentre, non-inferiority, randomised

trial, involving 1480 patients, showing that
the infection rate in patients treated with non-
sterile gloves and dressings was similar to that
of patients where sterile gloves, dressings and
sterile drapes were used.

HOW MIGHT THIS STUDY AFFECT RESEARCH,
PRACTICE OR POLICY
⇒ Although underpowered, the data in this study
suggest it to be unlikely that there is a large
difference in wound infection rates between the
sterile and non-sterile group.
sterile objects. Such wounds may therefore
non-
be considered to be contaminated in contrast to
surgical wounds where the skin is disinfected before
this protective barrier is cut with a sterile object.1
Non-sterile treatment has the advantage of saving
resources and costs, and could be of value in health
settings where sterile materials are not readily available. Studies on the treatment of traumatic wounds
and whether the use of sterile versus non-sterile
materials, such as gloves, dressings and drapes,
affects wound infection are sparse and conflicting.2 3
A systematic review and meta-analysis pooling data
on Mohs surgery, laceration repair, standard cutaneous excisions and tooth extractions using non-
sterile versus sterile gloves found no difference
in infection rates.4 One single-centre study in an
ED, with a relatively small sample size, showed no
difference in infection rates between sterile versus
non-sterile glove use in traumatic wound repair.5
This result has not been validated in a different
population. Therefore, we conducted a multicentre
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METHOD
Study design and setting

This study is designed as a multicentre, single-
blinded,
randomised controlled trial testing for non-inferiority of non-
sterile gloves and dressings versus sterile gloves, dressings and
drapes for suturing of traumatic wounds. This manuscript is
reported as per the Consolidated Standards of Reporting Trials
statement.
Patients were included in this study from 25 July 2012 until
31 December 2016 when presenting with a traumatic wound
to one of three participating hospitals in The Netherlands: one
university medical centre and two regional hospitals.

Patient and public involvement

Patients or the public were not involved in the design, conduct,
reporting or dissemination of plans of this study.

Selection of participants

Patients were eligible for inclusion when presenting to the ED
with a traumatic wound for which sutures were required and were
at least 18 years of age. Exclusion criteria were met if the traumatic wound was complicated (accompanied by bone, vascular,
tendon, nerve or cartilage injury), due to a human or animal
bite, needed direct intervention in the operating room, already
infected at presentation or when the wound was >24 hours old.
Patients eligible for inclusion were informed by a nurse or physician and given a patient information brochure providing more
detailed background information on the proposed study.

Randomisation

Patients who met the inclusion criteria and agreed to participate
were consecutively included and randomised to a sterile or non-
sterile protocol and treated accordingly. A simple 1:1 randomisation was used without any stratification factors. Randomisation
occurred using an internet-
based electronic randomisation
programme (Alea Data Management) by the treating physician.

Interventions

Following randomisation, preparation of the wound was undertaken by the nurse. Irrespective of the assigned study arm, this
included removal of large contamination and rinsing thoroughly
with tap water. After wound preparation, a physician working in
the ED treated the wound according to the designated protocol.
Materials used in both protocols included: chlorhexidine for
disinfection, lidocaine 1% for infiltration anaesthesia, sterile
sutures (Ethilon nylon suture size 3.0 up to 6.0 and Vicryl 3.0
up to 5.0) and sterile instruments. The study procedures differed
between groups in the use of sterile versus non-sterile dressings
and gauzes, sterile surgical gloves versus non-sterile boxed gloves
and the use of sterile (fenestrated) drapes in the sterile protocol
only. The use of masks, gowns, caps and shoe coverings is not
common practice and were not used in either protocol.

Measurements

The patients’ baseline characteristics, wound characteristics,
wound care at the ED and time interval between the injury and
treatment were recorded by the treating physician on a research
form. After wound treatment, verbal and written instructions
Zwaans JJM, et al. Emerg Med J 2022;39:650–654. doi:10.1136/emermed-2021-211540

were given on wound care and signs of wound infection. Patients
were instructed to immediately return to the ED in case of a
suspected infection or if they had any concerns regarding the
wound. All agreed to return to the ED for wound inspection and
removal of sutures; the time interval for follow-up was between
5 and 14 days depending on wound location and according to
the wound care protocol of the treating hospital.
During follow-up, an attending emergency physician blinded
to treatment allocation recorded the presence and degree of
cellulitis, wound dehiscence, purulent discharge, abscess formation or signs of systemic infection. Additionally, information
was recorded concerning the time interval between suturing and
suture removal, if and why the patient returned prematurely
for wound inspection, whether the patient had visited another
physician and if they had received antibiotics for their wound or
any other reason.
Standard actions in wound care were undertaken if an infection was diagnosed including opening and flushing the wound,
antibiotic prescription, referral for hospital admission or surgical
intervention.
In case of hospital admission or other reasons hindering ED
follow-
up, medical records were assessed by an investigator
blinded for treatment protocol, and the necessary information
regarding aspects of the wound at time of suture removal was
collected. If information was missing from the medical records,
attempts were made to complete the follow-up information by
contacting patients by telephone. Patients were asked about signs
of infection and if they received any wound-related treatment by
another physician as per hospital follow-up. On the basis of the
retrieved information, a wound was categorised as infected or
not infected.

Outcomes
The primary outcome was wound infection.
A wound was considered infected if, during the time interval
between wound treatment and follow-up, there was an abscess
originating from the wound, cellulitis >10 mm, purulent fluid,
wound dehiscence was seen and/or the physician found wound
treatment to be necessary at follow-up, for example, prescription of antibiotics or opening and flushing the wound.

Analysis
A dedicated researcher collected and entered all treatment and
follow-up data in a database.
Descriptive statistics were reported to compare baseline characteristics of the sterile versus the non-sterile study arm. Of the
categorical data, frequencies were calculated and differences
between both intervention groups were tested with a χ2 test
or Fisher’s exact test if one or more of cells had an expected
frequency of five or less. Infection rates were presented as
percentages with 95% CI. The data were analysed using IBM
SPSS V.25 (Statistical Product and Service Solutions, Chicago,
Illinois, USA).
The expected infection rate in the sterile suture group was
estimated at 3.5%, based on previous infection rates in the literature of 2.5%–7% vs 5.5% in the non-sterile group.1 5–7 The non-
inferiority margin was set at 2% so that an infection percentage
difference of ≥2% or more in the non-sterile group in comparison to the sterile group would be considered inferior to the use
of sterile materials in clinical practice. To reach a power of 80%
at a significance level of 0.05 for two-sided testing, 2140 patients
needed to be included the study (1070 patients per study arm).
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non-inferiority trial that aimed to compare the effect of non-
sterile and sterile suturing of traumatic wounds in the ED on
wound infection. Our hypothesis was that a non-sterile suturing
method would be non-inferior to a sterile suturing method.

Original research
Baseline characteristics of study patients

Characteristic

Sterile
% total
(n=747)

Non-sterile
% total
(n=733)

Age, year, mean±SD

39.2 (±16.5)

39.5 (±16.9)

74.2

73.0

 None

96.4%

96.3%

 Oral antibiotics

0.8%

1.0%

 Topical antibiotics

0.0%

0.1%

 Unknown

2.8%

2.6%

 No

92.9%

90.9%

 Yes

1.1%

2.6%

 Unknown

6.0%

6.5%

 No

95.7%

96.6%

 Yes

0.9%

1.0%

 Unknown

3.3%

2.5%

 No

96.1%

95.2%

 Yes

1.1%

2.3%

 Unknown

2.8%

2.5%

 No

95.2%

94.3%

 Yes

1.2%

2.3%

 Unknown

3.6%

3.4%

 No

56.1%

58.0%

 Yes

34.0%

33.6%

 Unknown

9.9%

8.5%

Sex
 Male
Use of antibiotics

Use of oral antidiabetics

Use of insulin

Use of immunosuppressants

Figure 1 Flow chart of eligible patients.

We defined non-inferiority as the upper bound of the two-sided
95% CI not exceeding 2%.

RESULTS
A total of 2468 patients were eligible for participation during the
study period. Out of these patients, 968 were excluded and 20
were not included due to technical problems with the electronic
randomisation programme. The main reasons for exclusion were
no consent (n=437) and unable to come back to hospital for
follow-up due to logistical reasons (n=218) (figure 1).
A total of 1480 patients were randomised in the sterile
(n=747) or non-sterile (n=733) study group when we discontinued the study early because of decline in patient inclusions,
which was due to the integration of general practitioner practices in the EDs. There were no differences in the baseline characteristics (table 1). In the sterile arm 74 patients were lost to
follow-up vs 66 in the non-sterile arm.
The mean age in the sterile versus non-sterile group was
39.2 and 39.5 years (table 1). Most patients were male (sterile
group: 74.2%; non-sterile group: 73.0%). The use of oral
antidiabetics, insulin and corticosteroids was low in both study
groups. Although overall numbers are low, significantly more
people were using immunosuppressant drugs in the non-sterile
group. There were no differences in baseline wound characteristics or in characteristics of received treatment (tables 2 and
3).
Follow-
up information was obtained for 91% of participants. Almost all of those patients (93%) returned to the ED for
follow-up. The information of the patients who we were unable
to return to ED (7%) was retrieved by telephone. There was no
difference in characteristics of patients who were followed-up
by telephone, in ED or were lost to follow-up in the two study
arms.
652

Use of corticosteroids

Smokers

Main results

The wound infection rate in the sterile treatment group was
6.8% (95% CI 4.0% to 7.5%) vs 5.7% (95% CI 5.1% to 8.8%)
in the non-
sterile treatment group. The mean difference of
the wound infection rate of the two groups was −1.1% (95%
CI −3.7% to 1.5%). In comparing characteristics in patients
with or without wound infection, more infected wounds were
located on the lower extremity (20.2% vs 12.2%) and patients
were more likely to be using immunosuppressants (6% vs 1.5%)
(online supplemental table 1).
Out of 1340 inclusions with follow-up, 2 patients in the sterile
group and 1 in the non-sterile group required admission and
intravenous antibiotics.

DISCUSSION

In this large multicentre randomised controlled trial, the upper
bound of the 95% CI was lower than the prespecified non-
inferiority margin and so it is likely that non-sterile gloves and
dressings are non-inferior to their sterile counterparts. However,
as the study stopped early and was underpowered, this finding
should be interpreted cautiously. Nevertheless, we did not find
any evidence that sterile gloves, gowns and drapes are associated
with development of wound infection after suturing of traumatic
wounds in the ED.
The wound infection rate was higher than expected in both
study arms when comparing with previous literature.1 5–7 One
reason could be that there is no consensus in the literature on the
Zwaans JJM, et al. Emerg Med J 2022;39:650–654. doi:10.1136/emermed-2021-211540
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Table 1
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Table 3

Baseline characteristics of wounds
Sterile
% total
(n=747)

Non-sterile
% total
(n=733)

 Head/Neck

33.9%

37.5%

 Chest

0.8%

0.0%

 Back

0.8%

 Nates
 Arms

Baseline characteristics of wound treatment
Sterile
% total
(n=747)

Non-sterile
% total
(n=733)

 Within 1 hour

15.5%

16.0%

 Between 1 and 6 hours

74.6%

74.1%

0.1%

 Longer than 6 hours

4.4%

5.3%

0.1%

0.7%

 Unknown

5.5%

4.6%

13.9%

10.0%

Suture count

 Hands

38.2%

37.9%

 1 or 2

32.4%

36.2%

 Legs

9.5%

10.2%

 3–5

50.7%

46.0%

 Feet

2.3%

3.0%

 6–10

14.5%

16.0%

 Unknown

0.5%

0.5%

 >10

2.4%

1.8%

 Cut/Sharp

56.9%

56.1%

 No

86.3%

89.1%

 Burst

41.5%

42.4%

 Yes

5.9%

5.6%

 Stab

0.9%

0.5%

 Unknown

7.8%

5.3%

 Unknown

0.6%

0.9%

Wound preparation
 Rinsing with water

84.3%

84.3%

 <2 cm

42.3%

43.7%

 Removal of wound edges

4.8%

4.8%

 2–7 cm

53.5%

52.1%

 Debridement

1.5%

1.0%

 >7 cm

3.6%

4.0%

 Removal of foreign bodies

0.3%

0.0%

 Unknown

0.5%

0.3%

 Unknown

9.1%

9.8%

Characteristic
Location of the wound

Characteristic
Time to treatment

Injury type

Subcutaneous suturing

Wound size

Wound depth
 In cutis

12.2%

10.8%

Prescription of antibiotics at follow-up
appointment

 In subcutis

59.6%

62.2%

 No

97.2%

97.9%

 Through subcutis

26.9%

26.6%

 Yes

1.7%

0.8%

 Unknown

1.3%

0.4%

 Unknown

1.1%

1.3%

 Not visible

84.9%

84.0%

 Blood/Clot

9.1%

8.5%

 Asphalt

0.9%

1.6%

 Glass

0.1%

0.0%

 Dirt

0.3%

1.0%

 Other

2.0%

3.4%

 Unknown

2.7%

1.5%

Contamination

definition of wound infection. The boundaries between normal
wound healing, inflammation and actual infection seem hard
to discern and various criteria are used throughout the literature to define wound infection.1–17 Although almost all study
patients (93%) were followed up in the treating ED, interclinician variety in wound judgement could have contributed to the
higher overall incidence of infection in this study. Furthermore,
in The Netherlands, primary care is easily accessible and more
EDs are integrating primary care practices. Because of this, it
may be that in this study, the simpler smaller wounds that could
easily be managed by a general practitioner were filtered out and
the study group consists of more complex wounds with a higher
risk of infection.
In 2004, Perelman et al published a randomised controlled
trial on the use of sterile versus non-sterile gloves for suturing of
traumatic wounds in the ED.5 They found infection rates similar
to those found in this study without a significant difference
between the study groups. This study supports their results using
protocols that reflect current common practice, using either
non-sterile gloves and dressings or sterile gloves, dressings and
drapes and in a larger sample reflecting the whole ED population. Also, the majority of patients in this study were followed up
Zwaans JJM, et al. Emerg Med J 2022;39:650–654. doi:10.1136/emermed-2021-211540

in the ED and only a small part of the study population received
a follow-up by telephone, which makes it less prone to misclassification of outcome.
Patients with a chronic illness (eg, diabetes) or that use medication that might negatively influence wound healing (eg, corticosteroids) were not excluded from this study to reflect a more
representative ED population.
Using sterile technique in the ED, the physician is more likely
to require an assistant. Sterile gloves, dressings and drapes can
expire and are not readily available in all treatment rooms in
the ED. Therefore, non-sterile suturing in an ED setting will be
more convenient and likely save time. Further research should
be done to demonstrate cost-
effectiveness of the non-
sterile
suturing technique.
On the other hand, while untested, the sterile suturing technique may provide reassurance for the patient which may also
be of value, even if the non-sterile technique confers no greater
risk of infection.
This study was limited by not meeting the intended statistical power. A little over two-thirds of the number of patients
weres included during our study period. This was mainly due
to primary care practice integration into EDs in The Netherlands during our study period. A shared triage system directs
patients either to the ED or to a general practitioner, resulting
in a large fall in number of traumatic wound presentations to
EDs. After the implementation of the primary care practices, it
was no longer feasible to reach the targeted inclusion number.
This resulted in the decision to terminate our trial. The decision
to terminate the trial early was taken by researchers that were
blinded to treatment allocation and outcome data. No interim
analyses were undertaken before the trial was stopped.
653
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Furthermore, we did not test the role of other elements of
sterile technique such as hand scrubbing, masks, caps, gowns and
shoe covers. The use of masks, hand scrubbing, caps, gowns and
shoe covers is not common practice in the ED. To be able to
translate our results to daily practice, we decided to compare
common practice: sterile gloves, dressings and drapes to a non-
sterile technique with clean gloves, clean dressings.
In conclusion, this trial suggests that there is unlikely to be a
large difference between the non-sterile gloves and dressings for
suturing of traumatic wounds and sterile gloves, dressings and
drapes for suturing of traumatic wounds in the ED.
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Table 4: Characteristics of patients with and without wound infection

No wound infection

Wound infection

% total

% total

(N=1256)

(N=84)

39.3 +/- 16.8

44.1 +/- 17.6

73.6

71.4

No

61.1%

59.5%

Yes

33.8%

40.5%

Unknown

5.1%

0%

Head/Neck

37.3%

16.7%

Chest

0.5%

0%

Back

0.4%

1.2%

Nates

0.4%

0%

Characteristic

Age. y. Mean +/-SD

Sex
Male

Smokers

Location

1
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Arms

11.3%

15.5%

Hands

37.8%

40.5%

Legs

9.7%

20.2%

Feet

2.5%

6.0%

Cut

55.4%

61.9%

Burst

43.7%

35.7%

Stab

0.6%

2.4%

Unknown

0.3%

0%

<2 cm

44.5%

33.3%

2-7 cm

51.7%

60.7%

>7 cm

3.8%

6.0%

In cutis

11.7%

7.1%

In subcutis

61.7%

64.3%

Emerg Med J

Injury type

Injury size

Injury depth

2
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Through subcutis

26.6%

28.6%

Within 1 hour

15.5%

28.6%

Between 1 and 6 hours

75.6%

60.7%

Longer than 6 hours

4.9%

4.8%

Unknown

4.0%

6.0%

1 or 2

33.0%

17.9%

2 to 5

44.6%

56.0%

6 to 10

14.0%

21.4%

More than 10

1.8%

3.6%

Unknown

6.5%

1.2%

No

93.2%

97.6%

Yes

6.8%

2.4%

Emerg Med J

Time to treatment

Suture count

Subcutaneous suturing

3
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Wound preparation
Rinsing with water

92.5%

88.1%

Removal of wound
edges

4.9%

7.1%

Debridement

1.3%

2.4%

Removal of corpus
alienum

0.2%

0%

Unknown

1.2%

2.4%

1.9%

1.8%

1.5%

6.0%

1.2%

0%

Use of corticosteroids
Yes

Use of
immunosuppressants
Yes
Prescription of
antibiotics at first
presentation
Yes

4
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Niet Steriele Handschoenen en Gazen versus Steriele Handschoenen, Gazen en Afdekdoek
voor het Hechten van Traumatische Wonden op de Spoedeisende Hulp: een Multicenter
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Abstract
Achtergrond
Op de Spoedeisende Hulp (SEH) komen traumatische wonden veel voor. Literatuur over het behandelen van
deze wonden; met steriele versus schone (niet-steriele) materialen is schaars. Voordelen van een niet-steriele
behandeling van is dat middelen, en daarmee ook kosten, bespaard worden. Dit kan van waarde zijn in
omgevingen waar steriele materialen niet direct beschikbaar zijn.
De doelstelling van deze studie was om het percentage wondinfecties te vergelijken na hechten met nietsteriele handschoenen en gazen versus steriele handschoenen, gazen plus afdekdoek op de SEH. Onze
hypothese was dat hechten met niet-steriele handschoenen en gazen niet-inferieur is ten opzichte van
hechten met steriele handschoenen, gazen en afdekdoek. De non-inferioriteitsmarge is vastgesteld op 2%.
Methode
Deze multicenter, enkelblinde gerandomiseerde studie werd uitgevoerd op 3 SEHs in Nederland om te
onderzoeken of niet-steriel hechten niet-inferieur is aan steriel hechten.
Van juli 2012 tot december 2016 werden volwassenen met ongecompliceerde wonden geïncludeerd.
Patiëntkarakteristieken, wondkarakteristieken en behandeling werden gedocumenteerd. Tekenen van
wondinfectie werden, afhankelijke van het type wond, tussen 5 en 14 dagen gedocumenteerd tijdens followup op de SEH.
Resultaten
Van de 2468 geschikte patiënten werden er 1480 gerandomiseerd in de studie-arm waarbij de wond steriel
(n=747) werd gehecht of in de studie-arm waarbij de wond niet-steriel (n=733) werd gehecht. De kenmerken
van de patiënten en de traumatische wonden waren gelijk in beiden studie-armen. In de niet-steriele groep
was het percentage patiënten met een wondinfectie 5.7% (95%CI 4.0-7.5%) versus 6.8% (95%CI 5.1-8.8%) in de
steriele groep. Het verschil in percentage wondinfecties in de twee studiegroepen is -1.1% (95%
betrouwbaarheidsinterval: -3.7% tot 1.5%).
Conclusie
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Ondanks dat we onze studie voor het behalen het vooraf bepaalde aantal patiënten hebben moeten staken,
suggereren de resultaten dat er geen groot verschil is in aantal wondinfecties tussen niet-steriel hechten
versus steriel hechten van traumatische wonden op de SEH.
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