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Abstract 

Background. Obese women undergoing caesarean section (CS) are at increased risk of surgical site infection (SSI). Negative 
pressure wound therapy (NPWT) is growing in use as a prophylactic approach to prevent wound complications such as SSI, 
yet there is little evidence regarding its benefits. The aim of this pilot study was to evaluate the feasibility of undertaking a 
randomised controlled trial using NPWT in obese women undergoing elective CS.
Method. Obese women undergoing elective CS were recruited from the antenatal clinic in a metropolitan hospital in Queensland, 
Australia, between 2012 and 2013. Using parallel 1:1 randomisation, 18 of these women received the intervention following 
closure of their wound in operating room (NPWT, PICOTM dressing) and 17 women received standard care (Comfeel Plus® dressing). 
Pre-defined criteria used to assess feasibility included: recruitment (>75% participation), loss to follow-up (<10%), intervention 
fidelity (≥95%), and interrater reliability (kappa ≥0.8). Ethics approval was granted by the hospital and university human 
research ethics committees.
Results. Of the 55 women approached, 48 (87%) consented to participate, 35 (63.6%) were randomised and 33 (94%) 
women completed post-discharge follow-up. All women received the intended dressing with the exception of one (2.8%) 
who later crossed over during dressing change. A kappa score of 0.87 (p<.0001) for SSI (yes/no) and an intraclass correlation 
coefficient score of 0.95 (p<.0001) for type of SSI were achieved. 
Conclusion. As shown in this study, careful planning and study site selection is critical to the success of the overall study. The 
results indicate that women with newborns are willing to participate in trials involving interventions and short-term follow-up. 
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Introduction

The proportion of people who are overweight or obese is 
increasing. Worldwide, 1.6 billion adults are overweight 
with a further 400 million more classified as obese (WHO, 
2006). In Australia, the population’s weight, indicated by 
body mass index (BMI), has also been steadily increasing 
(Australian Bureau of Statistics, 2007). BMI, a calculation 
of weight (kg) divided by height (m2) is the internationally 
recommended measurement for obesity and classifies adult 
body weight as: underweight <18.5; normal range 18.5 
to 24.9; overweight ≥25; and obese ≥30 (WHO, 2006). 
According to the Australian Bureau of Statistics, 68% 
of males and 55% of females over the age of 18 years 
are overweight or obese – an increase of 4% and 6%, 
respectively, since 2001.

Although in general the rates of overweight and obesity are 
higher in older age groups, there has been a greater increase 
in the childbearing women (Women’s Health Australia, 
2009). The association between rising levels of obesity in 
pregnant women, adverse maternal and neonatal outcomes 
and increased interventions such, as caesarean section 
(CS), has also been reported in several studies worldwide 
(Callaway et al, 2006; Weiss et al, 2004; Rode et al, 2005).  

Recent meta-analyses have shown an overall increased risk 
of CS and repeat elective CS in obese women (Poobalan et 
al, 2009; MacDorman et al, 2008; Chu et al, 2007). 

While elective CS is considered a ‘clean’ and relatively 
safe surgical technique in resource-rich countries, such as 
Australia, surgical delivery is still associated with increase 
morbidity (Liu et al, 2007). For example, obese women 
undergoing CS are at greater risk of developing postoperative 
infections than non-obese women (Tran et al, 2000).

Surgical site infections (SSI) are defined as occurring after 
surgery in the part of the body where the surgery took place 
(Horan et al, 2008). SSIs are classified as: 1a) superficial 
incisional primary; 1b) superficial incisional secondary; 2a) 
deep incisional primary; 2b) deep incisional secondary and; 
3) organ/space infection. All three classifications include 
infections diagnosed within 30 days without implant and/or 
one year including implant following operation (Horan et 
al, 2008). Factors associated with SSI in women undergoing 
CS include: type of abdominal incision, subcutaneous 
thickness and closure, preoperative antibiotic use, use of 
subcutaneous drains, and patient temperature regulation 
(Tipton et al, 2011). A study by Olsen et al (2008) involving 
a large cohort of women (n=1605) identified subcutaneous 
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haematoma, use of staples for closure, increased surgery 
time and the operation performed by a university teaching 
facility as significant independent risk factors for SSI. Co-
morbidities, such as diabetes, and prolonged use of steroids 
also contributed significantly to poorer wound healing 
following this type of surgery (de Vivo et al, 2010). 

Wound management is also thought to play a role in rates 
of SSI (National Collaborating Centre for Women’s and 
Children’s Health, 2008). It is assumed that sterile dressings 
applied to the wound in the operating room (OR) act as a 
barrier and protect the surgical incision from environmental 
factors, such as skin contamination, irritation from external 
clothing and/or equipment. In addition, dressings contain 
exudate and thus provide comfort for the patient. More 
recently, there has been an increase in the use of vacuum-
assisted dressing which is referred to as negative pressure 
wound therapy (NPWT). This type of closure is thought 
to aid healing (Kanakaris et al, 2007; Molnar et al, 2005) 
by increasing local blood flow and granulation of tissue, 
as well as reducing bacterial contamination, wound area, 
oedema, exudate, and changes to the micro-environment of 
the wound (Banwell and Téot, 2003). The use of NPWT 
has been recommended for a diverse range of chronic lesions 
or difficult-to-heal wounds (Stannard et al, 2012; Bovill et 
al, 2008), and, more recently, for clean surgery in obese 
patients (Dragu et al, 2011) with prophylactic intent. 

The evidence around wound dressing or management 
practices, however, remains somewhat problematic. A 
Cochrane review concluded that there was no evidence 
to suggest covering of surgical wounds healing by primary 
intention with wound dressings reduces the risk of SSI 
(Dumville et al, 2011). Conversely, the trials included in this 
review were small and of poor quality and were, therefore, at 
high or unclear risk of bias. Given the lack of scientific evidence 
supporting the plethora of dressings available, which include 
those that use NPWT, Webster et al (2012) suggest that high-
quality trials are needed. A recent integrative review supports 
this recommendation, noting that there remains minimal high-
quality evidence addressing wound management practices in 
obese women undergoing CS (Anderson et al, 2013). Before 
large scale trials can be undertaken that demonstrate the 
effectiveness of various dressings, pilot studies are required.

Aim and objectives 

To evaluate the feasibility of undertaking a randomised 
controlled trial (RCT) using prophylactic NPWT in obese 
women undergoing an elective surgical delivery. 

Feasibility was assessed against four pre-defined criteria: 
1) Recruitment: at least 75% of eligible women would 
agree to participate; 2) Loss to follow-up of those women 
randomised (no more than 10%); 3) Fidelity: at least 95% of 
participants will receive the treatment they were allocated; 
4) Interrater reliability: a kappa score of at least 0.8 between 
two clinicians experienced in recognising SSI.

Method

Pilot studies are synonymous with feasibility, and thus are 
intended as a pre-requisite to a larger trial to test methods and 

procedures involving issues around recruitment, retention, 
missing data and fidelity (Conn et al, 2010; Thabane et al, 
2010). As such, the purpose of a pilot study is not to test 
hypotheses (Thabane et al, 2010).

The pilot was conducted in accordance with the Good 
clinical practice guidelines (Mathieu, 2011) and the Consort 
statement (Schulz et al, 2010) at a single site using a parallel 
1:1 randomised controlled design (Schultz et al, 2010). 
Study participants received either NPWT PICOTM (Smith 
and Nephew, Victoria Australia) (intervention) or Comfeel® 
Plus (Coloplast, Denmark) (usual care) following closure of 
their wound in the OR. Ethics approval was granted by the 
hospital and university human research ethics committees.

Sample and setting
The setting for this pilot study was a 450-bed metropolitan 
hospital in Queensland, Australia. The hospital’s maternity 
unit included labour ward, postnatal ward and antenatal 
clinic. At the time of study inception, approximately 27% 
of women had an elective CS (Perinatal Data Collection 
Queensland Health, 2012). Women were recruited if they 
met the following inclusion criteria: 1) pre-pregnancy BMI 
≥30kg/m2 at booking visit; 2) booked for elective CS; 3) able 
to provide written informed consent. Exclusion criteria were: 
1) previous participation in this trial; 2) existing infection; 3) 
unable to speak or understand English with no interpreter. 

Women were approached following triage by midwives 
and obstetricians in the antenatal clinic. Women received 
a participant information sheet and were provided with an 
opportunity to ask questions and seek further clarification. 
The majority of women consented to the study at this time. 
Women who requested further discussion with family 
members prior to consenting were only contacted prior to 
the pre-admission anaesthetic visit if verbal consent was 
provided to do so.

Following informed consent, study identification numbers 
were allocated to women who agreed to participate. This 
number was used to randomise the woman to either the 
intervention or control arm on the day of surgery. 

Women who consented to participate were subsequently 
excluded prior to randomisation if they spontaneously went 
into labour (for example: ruptured membranes), required 
emergency CS or if they were being treated at time of surgery 
for a concurrent infection.  

A block randomisation technique (blocks of four) was 
utilised to allocate the women to either the intervention 
(NPWT, PICOTM) and or usual care (Comfeel®) groups in 
the OR via a central web-based service prior to the start of 
elective CS surgery by the research team member. To ensure 
allocation concealment, OR staff including medical and 
nursing staff were blinded to type of dressing until wound 
closure. On completion of wound closure, the PICOTM 
or Comfeel® dressing was applied as per manufacturer 
recommendations and under sterile conditions.

Intervention
The intervention used in this study was NPWT also known 
as vacuum-assisted closure. The NPWT device used in this 
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study was a single use PICOTM dressing consisting of a small 
pump, two lithium batteries, two gauze-based dressings and 
10 fixation strips (Smith and Nephew, Victoria, Australia). 
The wound surface was covered with a gauze-based dressing 
and sealed with fixation strips applied to the dressing 
borders under sterile conditions in the OR by a member 
of the surgical team. Once the dressing was fixed in place, 
the battery-operated device was attached to the tubing and 
continuous negative pressure was delivered at 80mmHg. 
This single unit device has a seven-day battery life and a 
secondary dressing available for dressing change if required 
such as excessive oozing at wound site.

Education and training on the NPWT device and study 
protocol was provided to medical staff, OR nurses and 
midwives involved in the care of these women prior to the 
start of the study. Ongoing education continued throughout 
the study to address staff turnover. This ensured consistency 
in application and care of dressing in situ. The control group 
received usual care and the application of a Comfeel Plus® 
(Coloplast) dressing at the completion of surgery following 
wound closure by OR staff under sterile conditions. 

Data collection

A specifically designed data collection tool was developed 
and modified in the initial phase of data collection. This tool 
comprised of five components: 1) screening; 2) recruitment 
and baseline; 3) OR surgery; 4) post-operative daily wound 
data; and 5) weekly telephone follow-up. At time of consent, 
baseline data were collected including, contact details, 
height, weight, BMI, co-morbidities, and recent infections. 

Data on CS surgical technique, type of anaesthetic 
and score were collected in the OR during the CS by the 
research team member. Daily visits to the postnatal ward 
were necessary to collect post-operative wound data for 
all outcomes. Following discharge, the women from both 
groups were contacted weekly for four weeks via telephone 
to collect outcome data on evidence of SSI. These data were 
collected using hard copy and were entered into an electronic 
database. The dressings of both groups were removed by the 
community midwives ranging from days five to seven post 
discharge depending on the availability of human resources. 

Due to the nature of the intervention used, blinding of 
patients and clinical staff involved in their care was not 
possible. The education and training of staff on application 
of dressings used promoted consistency throughout the 
study and reinforced standardised practice. Performance 
bias is always a possibility when staff or study participants 
cannot be blinded (Kearney and Simonelli, 2006), however, 
use of an ongoing education programme minimised the risk 
of this occurring. It was impossible to blind the research 
team members collecting the data, but the laboratory staff 
assessing any wound swabs and the two clinicians analysing 
the data to determine SSI were blinded to group allocation. 

Data analysis

Raw data entered into the Predictive Analysis Software 
Package (Version 21, IBM Chicago, IL) were checked for 
accuracy. The types of statistics used were based on the level 

and the distribution of the data. Descriptive statistics were 
used to describe sample characteristics using absolute (n) 
and relative (%) frequencies for the following variables; co-
morbidities, gestational diabetes (GDM), type two diabetes, 
hypertension (HTN), anaemia and number of previous CS 
within two groups.

Inferential statistics, including chi-square and Mann-
Whitney U tests, were chosen as the most suitable non-
parametric measures to detect group differences and explore 
the relationships between the variables age, BMI, length of 
surgery in minutes, and hospital length of stay in days. A 
p-value of <0.05 was considered significant. An interrater 
reliability analysis using the kappa statistic was performed 
for SSI (yes/no) and intraclass correlation coefficient (ICC) 
score was calculated for type of SSI (superficial, deep, organ 
space) to determine consistency among raters (ordinal data). 
A kappa value of 0.81 to 1.00 indicates very good agreement 
(Altman, 1991), while an ICC coefficient of ≥0.70 is 
considered acceptable (Polit, 2010).

Results

The process from enrolment, intervention allocation, and 
follow-up and data analysis of this pilot trial with two 
groups of women is described in Figure 1. 

A total of 55 potential participants received study 
information in the antenatal clinic between the end of 
June 2012 and January 2013 (a nine-month period). Seven 
(14.5%) women declined to participate. The most common 
reasons given for non-participation were: too busy, anxiety 
about the birth, and unsure of intervention. A total of 48 
(87%) women provided written consent to participate, thus 

Figure 1. Participant enrolment flow diagram
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the recruitment target was exceeded. Seven (12%) women 
were excluded prior to randomisation due to a change in 
their medical status, which placed them into one of three 
exclusion criteria categories; 1) emergency, 2) concurrent 
infection and 3) medical directive. One woman withdrew 
from the study on the day of surgery. 

A total of 35 (57%) women were randomised. Of these, 
18 (51%) women received the intervention (PICOTM) and 
17 (48.5%) women received the control (Comfeel®), as per 
randomisation in the OR. A 100% fidelity was achieved in 
the OR. During an unplanned dressing change, one woman 
‘crossed over’ into the control group following NPWT. 
Two (5.7%) women dropped out of the study at week three 
phone follow-up (one from each group) without a reason. 

Of the 18 women who were allocated and received the 
PICOTM device, 12 (66.6%) NPWT dressings were applied 
by the registrar, four (22.2%) by the surgeon, one (5%) by 
the scrub nurse and one (5%) jointly by the scrub nurse and 
resident doctor. In the control group (Comfeel®), 10 (62.5%) 
were applied by the registrar, three (17.6%) by the surgeon 
and four (23.5%) by the scrub nurse-resident. The registrar 
was the most likely member of the team in both intervention 
and control group to apply the dressing in the OR. 

The age range of the women was 18 to 40 years and 
the BMI ranged from 30 to 56kg/m2 using pre-pregnancy 
measurements. Table 1 displays further demographic and 

clinical data on the sample. Non-parametric tests, Mann-
Whitney U test and chi-square were chosen to compare the 
two groups to assess differences in these characteristics. The 
only significant difference found between the two groups 
was length of surgery (p=0.026). 

The kappa score was calculated as 0.87 (p<0.001) for 
the chart audits for the assessment of SSI (yes/no). ICC was 
calculated for the type of SSI, and was 0.95 (p<0.001). Both 
results suggest a high level of agreement between the two 
raters in determining the presence and the type of SSI.

Discussion

This pilot study addressed four main feasibility criteria prior 
to undertaking a larger randomised controlled study: 1) 
recruitment; 2) loss to follow-up; 3) fidelity; 4) interrater 
reliability. Important lessons can be learned from undertaking 
pilot studies, which may lead to an improvement in the 
design and execution of a larger trial (Thabane et al, 2010). 
This pilot study allowed the researchers to refine some of 
our processes, including making modifications to the data 
collection tool. Only minor changes to the data collection 
tool were necessary during the conduct of the study. These 
changes mainly involved refinement of the surgical technique 
questions, but the design of the chart audit tool was also 
adjusted to reduce confusion surrounding SSI indicators. 
Summary of the enablers and barriers to recruitment, loss to 
follow-up and fidelity are presented in Table 2. 

Recruitment
The recruitment process proved to be time-
consuming and subsequently expensive at 
the chosen site. Over the nine months of the 
study, the elective CS rate decreased by one 
third, which impacted heavily on the number 
of eligible women available. The environmental 
aspects, such as the confined physical 
workspace, and the existing processes created 
barriers to accessing potential women. The 
medical clinics were ‘themed’ to promote a more 
streamlined service but, despite this, women 
would be transferred in and out of clinics. This 
prevented a more selective targeting of potential 
participants. As others have noted, these issues 
only became evident once recruitment strategies 
were actually implemented (Jairath et al, 2000). 
Uncovering organisational change issues, such 
as the loss of the triage midwife role, using 
feasibility criteria which may impact on the 
progress of the study can only strengthen the 
larger trial (van Teijlingen and Hundley, 2002). 

Ongoing education seminars and product 
training was provided to midwives, medical 
staff and OR nurses at the start, and for the 
duration of, the study, as staff regularly rotated 
through the hospital. Thus, through this pilot, 
the researchers identified the need for ongoing 
training resources to be allocated for the 
duration of the trial.

Demographic
characteristic

Intervention
n=18

Control
n=17

p-value

Median IQR Median IQR Mann-
Whitney U

Age 30.0 10.0 34.0 8.0 0.145

BMI 34.3 7.6 34.0 7.5 0.765

Length of 
surgery (mins) 45.5 19.0 53.0 16.0 0.026

Hospital length
of stay (days)

3.00 1.00 3.00 1.0 0.957

Frequency Percentage Frequency Percentage Chi-square

No of 
co-morbidities

Gestational 
diabetes 3 16.7 3 17.6 0.939

Type 2 diabetes 0 0 2 11.8 0.134

HTN 1 5.6 2 11.8 0.512

Anaemia 3 16.7 1 5.9 0.316

No of 
previous CS 0.499

0 3 16.7 2 11.8

1 9 50.0 11 64.7

2 4 22.2 4 23.5

3 2 11.1 0 0

Table 1. Sample demographic and clinical data
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The reduction in the elective CS rate from 27.0% to 
19.5% during the study impacted on recruitment rates. The 
unexpected reduction in elective CS was an important finding 
in this study for the future larger trial and supports the 
rationale for undertaking pilot studies. The study revealed 
a specific maternity unit strategy that has the potential to 
impede or facilitate sample acquisition in a larger study 
(Levine et al, 2002). 

Some of the barriers to participation were: perceived 
additional demands on the woman following birth, 
preference for a particular treatment, worry about the 
uncertainty of intervention, and clinicians’ concerns about 
treatment. Similar barriers were uncovered in a systematic 
review of RCTs/feasibility studies by Ross et al (1999).  

Loss to follow-up
In this group, the researchers managed to achieve less than 
10% loss to follow-up, which is considered acceptable 
(Hertzog, 2008). The 5.7% drop-out rate in the combined 
groups can be explained by the research assistant’s (RA)  
effort in establishing positive relationships with these women. 
Continuity assists with engagement and is vital to achieving 
such a high retention rate following randomisation. Similar 
findings have been demonstrated in studies of childbearing 
women by Gamble et al (2005).

Inclusion criteria also affected the number of women 
randomised, as women could only remain in the study 
if they were booked for an elective CS and, at the time of 
randomisation, were not medically treated for a concurrent 
infection. The unpredictable nature of the study population 
presented some retention issues. Weekly telephone calls for 
four weeks following discharge of women was necessary to 
obtain information regarding SSI. It was not always possible 
to obtain this information on day seven each week, due to 
difficulties in contacting the women.

The researchers’ reliance on the home visiting team to 

collect wound data following dressing removal proved 
challenging. It was only clarified during the study, that 
those women who did not receive a second home visit 
by their midwife, were referred to their GP for removal 
of the dressing. Similar issues were identified during the 
piloting of a Scottish national births survey and their 
solution was to engage midwives early in the process 
and sustain support through ongoing collaboration (van 
Teijlingen and Hundley, 2002).

Fidelity
The presence of the RA in the OR undertaking the central 
web-based randomisation process reduced the risk of 
incorrect group allocation of dressing at skin closure. Close 
monitoring of the application of intervention in the OR 
maintained treatment integrity, an important step in the 
research process (Kearney and Simonelli, 2006). Although 
there was a high success rate in the receipt of allocated 
dressing, variability did occur among the personnel applying 
the dressing. These are some of the inherent challenges of 
undertaking a study in a training facility. This study reflects 
the real-world setting and clinical practice variation, as 
opposed to the rigidity and sterility of RCTs in an artificial 
environment. Arguably, it may be that having more than 
one person applying the dressing affected the final outcome. 
However it was not uncommon for two persons to apply 
the NPWT (PICOTM) dressing due to the apparent difficulties 
associated with surgical procedures in the obese client.

Conclusion

This systematic approach to the analysis of feasibility 
revealed significant issues with recruitment in the study 
site. Recruitment was time-intensive and costly due to the 
difficulties in identifying eligible women in the antenatal 
clinic. The unanticipated reduction in the number of elective 
CS during the conduct of the study led to a slower recruitment 
rate. Despite this, the researchers managed to maintain a 
relatively low attrition rate during follow-up (<10%). It is 
unknown whether these difficulties would have been faced 
in other sites, but it indicates the need for a comprehensive 
assessment of each setting for a multi-site trial. 

A different approach to education and training of clinical 
personnel needs to be considered, due to busy ward schedules 
and a high turnover of rotating medical staff. Consideration 
should be given to identifying resource persons in the wards 
and antenatal clinic to act as study champions and conduits 
of communication. These persons could assist unfamiliar staff 
with any issues surrounding study protocol during the post-
operative period and the antenatal clinic during the women’s 
health assessment for eligibility into the study. The provision 
of educational DVDs and DVD players for midwives and 
medical personnel would result in improved access to training 
resources. Developing a strong rapport with specialist 
and trainee doctors is essential to gaining access to eligible 
women. Building strong collaborative relationships between 
researchers and clinicians is vital for the success of the study. 
In conclusion, undertaking pilot studies is a necessary pre-
requisite to a larger RCT, as demonstrated in this study.

Enablers Barriers

Recruitment

Continuity with 
one research 
assistant (RA); RA 
– a trained health 
professional; 
education 
seminars for 
all staff

Environment – confined physical 
workspace; existing processes – 
reliant on midwife and doctor 
referrals; loss of triage midwife; 
rotating medical trainees; lack 
of support from delivery suite; 
organisation – midwifery model 
of care; participants – anxiety re 
treatment; clinicians’ concerns

Loss to 
follow-up

Establishing 
positive 
relationships; 
home visiting; 
team education

Exclusion criteria; post discharge 
phone contact; GP follow-up of 
wound

Fidelity
Presence of RA in 
the OR; rapport 
with OR staff

Application of dressing – variety 
of medical trainees

Table 2. Discussion summary
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