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A B S T R A C T

Objective: To investigate the effect of copper impregnated wound dressings on the surgical site infection
(SSI) rate following caesarean section (CS).
Design: Single centre double blind randomised controlled trial.
Participants: Women aged 18 years or over who had a CS.
Interventions: All women were randomised to receive either a copper-oxide impregnated wound dressing
(study group) or a non-copper wound dressing (control group).
Main outcome measures: The primary study outcome was the incidence of SSI within a 30-day period from
CS, assessed via a telephone questionnaire. Secondary outcomes were length of hospital stay, and
readmission rate.
Results: 324 women were enrolled in the study of whom 159 were randomised to the study group and 165
to the control group. The follow up rate was 97.5%. A total of 78 women (24.1%) developed an SSI within 30
days following CS; 29 (18.2%) in the study group and 49 (29.7%) controls (P = 0.037, relative risk reduction
(RRR) of 38.7%). The incidence of superficial/deep SSI was not significantly different (24.2% vs. 17.6%,
P = 0.257), however a significant relative risk reduction of 80.3% for Organ/Space SSI was observed in the
study group (12.7% vs. 2.5%, P = 0.002). Length of hospital stay, and readmission rate did not vary
significantly between groups.
Conclusions: This is the first study to demonstrate a significant reduction in SSI rates following CS with the
use of copper impregnated wound dressings. The high SSI rate confirms the importance of new strategies
to reduce the infection rate. Copper is a natural remedy which could potentially reduce hospital acquired
infections without the use of antibiotics and its associated risks of antibiotic resistance.

© 2020 Published by Elsevier B.V.

Introduction

Surgical site infection (SSI) is one of the most frequently
reported nosocomial infections accounting for 14–16% of all
hospital-acquired infections [1]. Caesarean section (CS) rates are
rising globally with a concomitant increase in SSIs ranging
between 2% and 15% [2,3,4,5]. Significant under-reporting of SSIs
occur when in-patient monitoring is taken into consideration

singularly [6]. Post-operative infection is a significant source of
morbidity and results in prolonged hospital stay, readmissions,
sepsis and death [7,8].

The antimicrobial properties of copper have been known for
centuries. As early as 2600!2200 BC the Egyptians used green
copper rust for the treatment of chest wounds and to sterilise
drinking water [9]. With the increase in antibiotic resistant
bacteria causing nosocomial infections, research in copper has
become popular. Many laboratory studies have proven the broad
spectrum biocidal effect of copper on bacteria including MRSA [10]
and Vancomycin resistant Enterococci [VRE] [11], fungi and viruses
[12]. The use of copper surfaces within the hospital setting has
been evaluated in several clinical studies showing significant
reductions in bacterial colonisation on copper surfaces compared
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to standard materials [13]. Recent technology allows fabrics and
other soft surfaces to be impregnated with ionised copper;
however, there is still a paucity of clinical research on the role
of copper impregnated products for infection prevention [14]. The
aim of this study was to investigate the impact of copper
impregnated wound dressings on the SSI rate following CS.

Methods

Trial design

This study was a single-centre,  double blind randomised trial (RCT)
at Croydon University Hospital (CUH), a secondary care unit, to assess
the efficacy of a copper impregnated wound dressing for the
prevention of SSI following CS. CUH has roughly 3700 deliveries per
annum with an average of a 27% caesarean section rate. Ethical
approval was obtained from the NHS Health Research Authority,
London–Bromley Research Ethics Committee (15/LO/1291). Written
consent was gained pre-operatively or if this was not possible, consent
was obtained within 12 h after CS. The CS procedure was standardised
according to NICE evidence based guidelines [15]. All participants
received pre-operative Chlorhexidine skin preparation; Povidone-
iodine was used in cases of a known allergy. Participants were covered
using standard sterile draping. Antibiotic prophylaxis (Cefuroxime
(1.5 g) and Metronidazole (500 mg)) was given intravenously  prior to
the skin incision. A lower transverse abdominal incision (Joel Cohen
incision) was performed. After delivery of the baby, the uterus was
closed in two layers using 1!0 Vicryl1 (Polyglycolic Acid). The rectus
sheath was sutured with Vicryl1 1!0, and skin was closed with
subcuticular continuous sutures of Monocryl1 (poliglecaprone 25).
Subcutaneous fat was approximated when considered necessary
according to the surgeon’s preference. The wound dressing was
removed after seven days as per hospital protocol.

Patient selection and randomisation

Eligibility criteria were CS delivery (either planned or emergen-
cy), age 18 or over, and ability to understand the information sheet in
English. Exclusion criteria were the inability to give consent, fetal or
neonatal death or poor neonatal outcome, and Wilson’s disease.
Following informed consent all women were randomised to receive
either the copper impregnated wound dressing (study group) or a
non-copper wound dressing (control group). The dressings were
individually packed in neutral packaging and marked with “A” or “B”.
Randomisation was done using computer-generated random
sequence which produced an “A” or “B” randomly, in a 1:1 ratio,
with blocks of 50. All investigators, health-care workers and
participants remained blinded to the wound dressing allocation
throughout the study duration.

Wound dressing

The study dressings were designed, in collaboration with Copper
Clothing Ltd, to be equivalent to that normally used to cover CS
wounds. The dressing was made of a polymer foam with circular
0.5 cm holes for visibility and breathability. The dressing was
considered safe according to the ISO 10993-5:2009  standard for
“Biological evaluation of medical devices part 5: test for in vitro
cytotoxicity”. Copper is one of a few metallic minerals which are
essential for normal functions of several processes in the human body
[16]. Even though a high internal concentration of copper is toxic, the
exogenous application of copper isconsideredsafeto humans which is
supported by extensive animal studies [17–20] and subsequently by
clinical trials [21–25]. The foam was covered with a transparent film
which wasbreathableandwaterproof.Thefoamof onesetof dressings
was impregnated with 3% copper-oxide ions (weight percentage). This

copper concentration was considered the optimum concentration in
terms of efficacy as well as technical feasibility [14].

Study outcomes

The primary study outcome was the incidence of SSI within 30-
days of CS. For the assessment of SSI, the Health Protection
Agency’s Post Discharge Questionnaire [PDQ] [26] for national SSI
surveillance was used, concurring with the worldwide used
definition of SSI by the Centers for Disease Control and Prevention
[27]. The criteria used are outlined in Table 1. Pre-determined
secondary outcomes were subtypes of SSI, length of hospital-
isation, and re-admission rate. All participants were assessed by a
telephone administrated questionnaire using the PDQ after 7, 14
and 30 days. Women were asked to come to the hospital to be
reviewed by the research fellow if infection was suspected.

Data collection and blinding

Data collected included demographic data, such as age, height,
weight and medical history, obstetric data, delivery details, and
details of potential emergency visits or re-admission to hospital.
All data, including that from PDQs were entered in an electronic
database. Blinding was maintained throughout the inclusion
period and during initial statistical analysis.

Statistical analysis

Since there were no comparable studies to date to do a power
calculation, this trial started as a pilot study. A recruitment period
of one year with around 300 inclusions was planned.

The primary outcome, namely the SSI rate, was compared
between the study and control groups using the Chi-square test.

For the secondary outcomes, the Chi-square test was used to
analyse SSI subtypes. Due to the skewed distribution, the Mann-
Whitney test was used to compare length of hospital stay between
groups. Fisher’s exact test was used for the analysis of re-admission
due to its rare occurrence.

Statistical analysis was performed using IBM SPSS Statistics
version 23.

Results

Study population

Between 14 January 2016 and 8 May 2017, 324 women were
enrolled of which 159 were randomised to the copper impregnated

Table 1
Criteria for SSI.

Site Criteria

Reported by
participant
(PDQ)

Superficial/
deep

At least one of the following criteria:

1 Discharge of pus from the
wound + antibiotics prescribed.

2 Clinical signs* + wound dehiscence.
3 Clinical signs* + antibiotics prescribed.

Organ/space
Endometritis

At least one of the following criteria:

4 Uterine tenderness + antibiotics pre-
scribed.

5 Abdominal pain + antibiotics pre-
scribed.

6 Purulent drainage from uterus + anti-
biotics prescribed.

*Clinical signs: at least two of pain, heat, redness or swelling.
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wound dressing (study group) and 165 to the non-copper wound
dressing (control group). Eight women were lost to follow-up;
therefore, the follow-up rate was 97.5%. Fig.1 shows the participant
flowchart. Participants’ related and operation related character-
istics were similar in both groups, as would be expected due to
randomisation (Table 2).

Primary outcome - Surgical site infection

A total of 78 women (24.1%) developed an SSI within 30 days
following CS. Only 5 (6.4%) infections were detected in the hospital,
either during the initial admission or on re-admission and 72
(92.3%) were reported post discharge. The risk of SSI was
significantly lower in the study group compared to the control
group (18.2% vs 29.7% respectively, P = 0.037), with a relative risk
reduction of 39% (Table 3 and Fig. 2). The number needed to treat
(NNT) with a copper impregnated dressing to prevent one SSI was
eight (95% CI 5–38). No adverse reactions were observed in the
whole study cohort.

Secondary outcomes

Of the SSI infections, 68 (21%) were superficial/deep infections,
and 25 (7.7%) were organ/space SSI (Table 3). The incidence of organ/
space SSI was significantly lower in the study group (2.5% vs 12.7%,
P = 0.002) with a relative risk reduction of 80%. The incidence of
superficial/deep SSI was not significantlydifferent in the twogroups
(17.6% in study group vs. 24.2% in the control group).

Four women (5.1%) were re-admitted to hospital for treatment
of SSI. The mean time to development of infection was nine
(SD " 6) days. A wound swab was performed in 35 cases, and the
most frequently detected micro-organisms were, Staphylococcus
sp. in 15 women (42.9%), and Enterobacter sp. in six (17.1%). MRSA
was cultured in two women (5.7%).

The median length of admission was 2 days (inter-quartile range
(IQR) 2–4 days) withoutsignificant difference betweenthe studyand
the control group (median 2 (IQR 2–3) days, median 2 (IQR 2–4) days
respectively, P = 0.507). Total readmission rate was 1.2% (N=4), with
no significant difference found between the study and the control
group (0.6% (N=1), 1.8% (N=3) respectively, P = 0.623).

No side effects or allergic reactions were reported in either
group.

Discussion

This is the first study to investigate the impact of copper
impregnated wound dressings on SSI rate following CS. This double
blind RCT demonstrated a significant 38.7% reduction of overall SSI
rate and a significant 80.3% reduction of organ/space SSI with the
use of a copper impregnated wound dressing.

Strengths and limitations

To avoid bias, in addition to randomisation, we ensured that
participants and healthcare professionals caring for the partic-
ipants as well as the whole research team were blinded to the
allocated intervention and control group. The statistician was
blinded to the initial results. Another strength was the random-
isation using an electronic system, which provided two equal
groups in characteristics. Furthermore, we used a standardised
questionnaire (also used in a large multicentre study in the UK)
developed by the Health Protection Agency for the national

Fig. 1. CONSORT recruitment flowchart (not coloured).

Fig. 2. SSI Relative Risk Forest Plot (not coloured).
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surveillance of SSI following CS [28]. We achieved a particularly
high follow up rate of 97.5%.

A limitation of this study was the lack of an interim analysis to
calculate a sample size. An interim analysis was planned after three
months of recruiting, however because recruitment was much
slower than anticipated, the numbers were too low to perform an
interim analysis. Since recruitment was slower in the first few
months, the study period was prolonged with 4 months. After
finishing recruiting 326 women it was estimated that with a 10%
SSI rate, [28], a clinically significant 75% reduction rate would be
needed to make this a definitive study. As the infection rate in this
study was much higher, a lower reduction was found which was
still significant.

Furthermore, the reliance on patient reported signs and
symptoms of infection might have generated over-diagnosis of
infection. Antibiotics treatment for suspected wound infection was
a major component of the PDQ. In total, 87 women (26.9%) were
prescribed antibiotics for a possible wound infection. The majority
(59.8%) were prescribed by their GPs, the remaining were
prescribed in the hospital, which is in accordance to the literature
[29]. Inappropriate consumption of antibiotics in Primary Care has
been reported to be as high as 90% [30]. The risk of over-diagnosis
is high with antibiotics prescription as a factor in five out of the six
criteria. However, due to the randomisation process, over-
diagnosis would have been equally distributed between the
groups, and therefore the reported reduction of infection in the
study group would be genuine.

Comparison with the literature

The overall SSI rate of 24.1% is higher than the national
average of 9.6% [28]. This high rate could also be attributed to a
larger than average proportion of the cohort population with a
lower socioeconomic status. Even though precise documenta-
tion of the socioeconomic status was not achievable, demo-
graphic, economic and social characteristics of the Croydon
borough suggest unfavourable socioeconomic conditions
[31,32]. The literature strongly suggests an association between
lower socioeconomic status/ poor health and the risk of
infectious diseases [33,34]. We found that the risk of SSI was
doubled in women who had a previous CS. The majority (58.6%)
of our cohort had at least one previous CS compared to 36.9% of
the cohort in another study [28], explaining the high infection
rate [35].

Two other studies have been published studying two different
wound dressings. Dryden et al. [36] showed a significant 60%
reduction of SSI following CS using a Surgihoney wound dressing.
However, this observational study used retrospective pre- and
post-interventional data, and therefore not a RCT. Stanirowski et al.
[37] performed a single blinded, RCT with dialkylcarbamoyl
chloride (DACC) impregnated dressings on the SSI rate following
CS and showed a significant 65% reduction of SSI. However, the
authors declared an important limitation of their study namely,
they had a shorter follow up of 14 days, suggesting an inaccurate
SSI rate.

Table 2
Study population characteristics.

Total (n = 324) Study group (n = 159) Control group (n = 165)

Participant related
Age (years) 33 (6) 33 (6) 33 (6)
BMIa 28.2 (6.1) 28.0 (6.1) 28.3 (6.2)

Ethnicity
White 155 (47.8) 78 (49.1) 77 (46.7)
Asian 66 (20.4) 34 (21.4) 32 (19.4)
Black 78 (24.1) 37 (23.3) 41 (24.8)
Mixed 10 (3.1) 5 (3.1) 5 (3.0)
Other 15 (4.6) 5 (3.1) 10 (6.1)

Smoking
Non-smoker 207 (63.9) 98 (61.6) 109 (66.1)
Ex-smoker 90 (27.8) 45 (28.3) 45 (27.3)
Current smoker 27 (8.3) 16 (10.1) 11 (6.7)

Diabetic 58 (17.9) 28 (17.6) 30 (18.2)

Parity
Primipara 88 (27.2) 47 (29.6) 41 (24.8)
Multipara 236 (72.8) 112 (70.4) 124 (75.2)

Gestation
<37 weeks 30 (9.3) 12 (7.5) 18 (10.9)
37!40 weeks 236 (72.8) 119 (74.8) 117 (70.9)
>40 weeks 58 (17.9) 28 (17.6) 30 (18.2)

Previous CSb 190 (58.6) 91 (57.2) 99 (60.0)

Number of previous CSb

0 134 (41.4) 68 (42.8) 66 (40.0)
1 121 (37.3) 56 (35.2) 65 (39.4)
2 59 (18.2) 29 (18.2) 30 (18.2)
3+ 10 (3.1) 6 (3.8) 4 (2.4)

RCOGc urgency categories
1 6 (1.9) 4 (1.9) 2 (1.2)
2 37 (11.5) 12 (7.5) 25 (15.2)
3 62 (19.2) 30 (18.9) 32 (19.6)
4 218 (67.5) 113 (71.1) 105 (64.0)

Ruptured membranes 53 (16.4) 22 (13.8) 31 (18.8)
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Conclusions and implications

This is the first study to demonstrate a significant reduction of
SSI rate following CS with the use of copper impregnated wound
dressings. The observed high SSI rate confirms the importance of
new strategies to reduce the infection rate. Sepsis is a major cause
of maternal mortality, therefore the introduction of copper
impregnated materials into obstetrics and gynaecology could have
a significant impact on the reduction of infections. Copper provides
a potent natural alternative remedy to reduce hospital acquired
infections without the risks of antibiotic resistance. Although
copper should not substitute traditional infection prevention
policies, implementation of its use could enhance the impact of
minimising infections. In developing countries, where access to
antibiotics is limited, the impact of copper impregnated products is
likely to be even more significant. The result that a copper
impregnated wound dressing was able to significantly reduce
endometritis was surprising. Further research needs to be
conducted to the mechanism behind this phenomenon.
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