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Randomised controlled trials are the ‘gold standard’ for evaluating the effectiveness of interventions in

health-care settings. However, in midwifery care, many interventions are ‘complex’, comprising a

number of different elements which may have an effect on the impact of the intervention in health-care

settings. In this paper we reflect on our experience of designing and evaluating a complex intervention

(a decision tool to assist with the diagnosis of labour in midwifery care), examining some of the issues

that our study raises for future research in complex interventions.

& 2009 Elsevier Ltd. All rights reserved.
Introduction

The randomised controlled trial (RCT) as a research design
remains the gold standard for testing ‘what works’ in health-care
settings. RCTs are as applicable for testing interventions that may be
delivered by nursing, midwifery and allied health professionals
(NMAHPs) (such as targeted health promotion advice or a structured
rehabilitation programme) as they are for testing drug therapies or
new surgical techniques. NMAHP interventions are often complex, in
that they are ‘built up from a number of components, which may act
both independently and inter-dependently’ (MRC, 2000), and are
often introduced into equally complex health-care environments.
This complexity makes the evaluation of NMAHP interventions, using
a design such as the RCT, challenging; in this paper, we reflect on our
experience of designing and evaluating a complex intervention (a
decision tool to assist with the diagnosis of labour in midwifery care),
examining some of the issues that our study raises for future research
in complex interventions.

What is a complex intervention?

Complex interventions are essentially complicated (Shiell
et al., 2008). Rather than comprising a single active ingredient
which may be tested (such as a single drug therapy), they are
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composed of a number of different interconnected parts which
form the intervention to be tested. If we use our study as an
example, we developed a decision tool that could be used by
midwives to assist them to identify whether or not a woman
attending a labour ward was in active labour (Cheyne et al.,
2008a, b). In this example, the decision tool (a paper-based
algorithm) involved the midwife collecting different items of
information and using this information in a structured way to
reach a judgement. The success (or not) of the intervention
depended on how the midwife interacted with the woman and
the decision tool to inform clinical judgements and management
decisions. In addition, during the main trial, which was a cluster
randomised trial (CRT), the decision tool was implemented within
different maternity units, each of which had its own unique
organisational characteristics that influenced how the tool was
used in practice. It is this combination of multifaceted interven-
tions, plus the influence of different social and organisational
contexts, which makes complex interventions methodologically
challenging to evaluate (Oakley et al., 2006).
Evaluating complex interventions

To assist researchers with the process, the Medical Research
Council (MRC) published a framework for the development of
RCTs of complex interventions in 2000 (MRC, 2000). The frame-
work suggested five phases in the development and implementa-
tion of a clinical trial, starting with consideration of the
s in midwifery care: Reflections on the design and evaluation of
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Table 1
Stages of the MRC framework related to trial phases

MRC phase Key points in MRC

framework

Aim

Pre-clinical

Theory

development

Explore relevant theory

to ensure best choice of

intervention and

hypothesis

Consider design issues

Clinical and decision-

making literature

reviews

Strategic design

development

Phase I

Modelling

Identify components of the

intervention and likely

interactions

Development of the

algorithm

Preliminary testing of the

algorithm

Phase II Pilot outcome measures

and study design

Feasibility study: to assess

the feasibility of

conducting a cluster

randomised trial of the use

of the algorithm for the

diagnosis of active labour

in term pregnancy in

Scotland

Exploratory

trial

Phase III Conduct a randomised

controlled trial

Cluster randomised trial: to

compare the effectiveness

of an algorithm for

diagnosis of active labour,

in healthy primiparous

women, with standard care

in terms of maternal and

neonatal outcomes

Definitive

randomised

controlled

trial

Phase IV

Long-term

implementa-

tion

Establish long-term effects

of intervention

Discussed within this paper

MRC, Medical Research Council.
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theoretical basis for the planned intervention, through paper-
based modelling and pilot phases, the exploratory trial, definitive
RCT and finally consideration of possible long-term implementa-
tion. The framework identified important methodological issues
to be considered at each phase; for example, at the modelling and
exploratory trial stages, the importance of defining the interven-
tion and of identifying the way in which the components of the
trial will work together was highlighted (MRC, 2000). Although
the framework was originally presented as a linear model, it was
emphasised in the document that it was not intended to be a
‘stepwise’ process, and that, depending on factors such as the
quality of existing evidence and the type of intervention being
designed, some of the preliminary phases may be unnecessary
(MRC, 2000).

The framework has been highly influential and a considerable
body of research has now been accumulated in the evaluation of
complex interventions (e.g. Wong, 2004; Robinson et al., 2005;
Byrne et al., 2006). However, the science of trial development for
complex interventions is constantly changing and a number of
studies have highlighted limitations of the original framework,
such as the implied linearity of the original guidance, the adoption
of a model based on the phases of drug trial development, and a
lack of consideration of the context in which interventions are
introduced (MRC, 2008). In response to these concerns, the MRC
published a revised framework in 2008 (MRC, 2008). Although the
original stages remain, the revised framework suggests a more
flexible model of the process that gives more weight to the
development and implementation phases of an evaluation,
acknowledges that non-experimental methods may be necessary
in some situations, and highlights the importance of including
health economics and process evaluations. Including these
elements in a trial ensure that researchers can provide evidence
on the cost-effectiveness (as well as the clinical effectiveness) of
an intervention and can facilitate the interpretation of trial
results. However, their inclusion adds further complexity to the
trial design, trial management and, of course, to the cost of the
trial itself. There is currently no consensus on the optimum means
of integrating health economics and process evaluation within a
rigorous trial design, nor in interpreting the multifaceted data
which result from this type of evaluation.
Using the MRC framework to develop and test an algorithm for
the diagnosis of labour

The work on our study began in 2002 and we used the original
MRC framework as the basis for our study development. In the
following section, we briefly describe our approach and the
challenges we faced as the study evolved from what was first
anticipated to be a small study to an ‘all Scotland’ CRT. The full
details of the design of the algorithm and the trial results have
been published elsewhere (Cheyne et al., 2007, 2008a, b). Key
stages of the framework and the stages of our trial are
summarised in Table 1.

Background to the study

Although superficially straightforward, deciding whether or
not active labour has started has been described as one of the
most difficult decisions in the care of a woman in labour (Lauzon
and Hodnett, 2003). Admission of women who are not yet in
active labour is common (30–45% of admissions) (Ball et al., 1996;
Janssen et al., 2003) and has important clinical and resource
implications. Several studies have reported that women admitted
while not yet in labour are likely to receive higher rates of medical
intervention than those admitted during the active phase
Please cite this article as: Dowding, D.W., et al., Complex interventio
an algorithm for the diagnosis of labour. Midwifery (2010), doi:10.1
(Hemminki and Simukka, 1986; Holmes et al., 2001; Jackson
et al., 2003; Klein et al., 2003).

Increasing rates of medical intervention in labour are asso-
ciated with increased morbidity for mothers and babies (Anim-
Somuah et al., 2005; Alfirevic et al., 2006; Klein, 2006; Villar et al.,
2007) and are an issue of worldwide concern (World Health
Organization, 1996). Assisting midwives to accurately diagnose
active labour therefore has the potential to reduce unnecessary
admissions and, correspondingly, the rate of intervention in
labour.
Pre-clinical or theoretical phase

We reviewed both the clinical literature on diagnosis of labour
and the theoretical literature on judgement and decision making
in health care. The clinical literature indicated that there was
considerable uncertainty about the timing and onset of labour,
but that there was some agreement about the diagnostic cues for
identifying active labour (Cheyne et al., 2006). A Cochrane review
found one RCT of the use of strict diagnostic criteria for active
labour which showed a reduction in interventions such as
oxytocin use (McNiven et al., 1998). However, the study was
under-powered and carried out in one labour ward in one country
(Canada), so the evidence for the effectiveness of the intervention
was limited. The process of diagnosis of labour can be considered
as a judgement process, involving the evaluation of information in
order to reach an assessment of the individual (in this case, an
evaluation of various cues to determine whether or not a woman
is in active labour) (Cheyne et al., 2006). The theoretical literature
suggests that in making decisions in conditions of uncertainty,
people may rely on intuition or heuristic-based decisions which
ns in midwifery care: Reflections on the design and evaluation of
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are prone to error (Thompson, 2002). Using linear decision rules
or decision support tools has been shown to increase diagnostic
accuracy by encouraging the consistent use of relevant informa-
tion in the diagnostic process (Garg et al., 2005; Kawamoto et al.,
2005).

In summary, therefore, it was apparent that a decision tool
may be a useful approach to assisting midwives with the
diagnosis of labour in women. A previous RCT had indicated that
it could lead to positive outcomes, and theoretically there was
support for such an approach to improve diagnostic decision
making. Having made a tentative decision, we then carried out a
needs assessment, involving informal contacts with senior clinical
midwives to both assess the magnitude of the problem (women in
early labour being admitted to labour ward) and whether or not
our potential solution would be acceptable in practice (Cheyne
et al., 2006). This had the benefit of ensuring that we had clinical
support for our study; however, it also raised awareness of the
issue in maternity units (and therefore there was a danger that
practice would start to change before the study was conducted).

Phase 1 or modelling

An algorithm was drafted based on the formal and informal
information gathered. The MRC framework highlights the im-
portance of developing an understanding of the intervention,
identifying the active ingredients and possible effects. We used
focus groups with midwives to assess the content validity of the
algorithm, to gain further understanding of the way in which
midwives diagnose labour, and to explore additional contextual
factors for labour diagnosis and management (Cheyne et al.,
2006). The algorithm was then tested for face and content validity
and inter-rater reliability using questionnaires and vignettes
(Cheyne et al., 2008a, b). Although this implies a linear process,
in practice, the process was more interactive in nature, with the
data from the focus groups, vignettes and questionnaires all
informing each other.

At this point, we also needed to make a commitment to our
subsequent trial design; a requirement in order to develop
funding applications for the study. As the algorithm was aimed
at the clinical practice of midwives, individual randomisation of
women or midwives could not be used because of the risk of
contamination between groups. Therefore, a CRT was required. In
a cluster trial, the unit of randomisation is a group (in this case,
maternity units) rather than an individual. A trial protocol was
developed including decisions about study outcomes. On the basis
of the initial literature review, we decided to opt for objective
clinical outcomes focused on the reduction of intervention, in
particular use of oxytocin for augmentation of labour, other
medical interventions such as the number of admissions prior to
labour, duration of labour and birth outcomes for mother and
infant. These decisions allowed preliminary statistical estimates
to be made.

Phase II or exploratory trial

We conducted a national survey of maternity units across
Scotland to collect baseline clinical data and assess likely
recruitment to the CRT. We then conducted a feasibility study
in two maternity units. One issue that we needed to consider here
was whether including units in the same area (Scotland) as the
main trial had the potential to contaminate our eventual study
findings or reduce the number of clusters which would be
available for the main trial to the point where the trial would
become unfeasible. On discussion, we felt that the maternity units
were sufficiently independent that the risk of contamination
Please cite this article as: Dowding, D.W., et al., Complex intervention
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(e.g. by midwives working across different units) was small. The
objectives at this stage were: to gather accurate clinical data to
inform the power calculation for the subsequent CRT; to identify
midwifery units in Scotland willing to participate in a main trial;
to pilot an implementation strategy for the trial; to pilot the study
methods, particularly methods for gaining consent, data collec-
tion instruments, identification of eligible women and recruit-
ment rates; and to assess the acceptability of the algorithm with
midwives and to identify training needs. Following feedback from
both the funding body and the ethics committee, we decided not
to include a control group in the feasibility study. However, in
retrospect, this was a mistake, as in the later trial we encountered
unanticipated difficulties with our recruitment strategy in control
sites.
Phase III or main trial

The feasibility study provided information about the imple-
mentation of the algorithm which could be used to revisit the
design of our main trial. We developed successful training and
implementation strategies for midwives, and consent procedures
for women. However, there were also issues to be addressed
before we commenced the main study. Study compliance varied
between units in the feasibility study and this had to be fully
investigated. We identified that the way a unit was organised and
the individuals who were appointed to be local study co-
ordinators were important issues for compliance with the study
protocols. A Scotland-wide collection of baseline data demonstrated
that our initial sample size calculations were inaccurate and needed
to be revised. The solution to this involved collecting information on
outcome measures both before and after the intervention was
introduced across all the cluster sites; a methodological innovation
for cluster trial sample size calculation.

It was apparent from the feedback from the feasibility study
that the introduction of the algorithm might have an impact on
the women taking part in the study (especially if they were sent
home). Results from the focus groups had indicated that there
were a number of contextual factors involved in the midwives’
decision making, in particular the experience of the woman and
her family. Therefore, to assess the impact on women, we
developed a mixed method evaluation within the main trial
which had a number of components. We invited a health
economist to join the research team, who developed a discrete
choice experiment to evaluate economic costs to women of taking
part in the study, together with an analysis of the cost-
effectiveness of the intervention. In order to assess the impact
of the intervention on women, we asked women who were
discharged after being told they were not in labour to keep a diary
of their experiences.

A key point to make is that by this stage, the study process can
become very intricate with the main trial as well as parallel and
related work. It is complicated to conduct from a trial manage-
ment perspective and also in terms of keeping clinicians on board.
For many years, it has been recognised that the process of
conducting research has an effect on the research site (the
Hawthorn effect) (Braunholtz et al., 2001). In the experimental
site, the aim is to introduce the intervention to be tested and
cause the minimum of extraneous disruption while carrying out
essential observation. In the control site, the aim is to change
nothing. Therefore, it can be a difficult balancing act to determine
what data it is essential to collect without the process of
collecting data becoming an intervention in itself.

The CRT was carried out between April 2005 and June 2007.
The trial involved 14 of the 15 eligible maternity units in Scotland,
who were randomised either to the experimental group (where
s in midwifery care: Reflections on the design and evaluation of
016/j.midw.2009.11.001
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the algorithm was used to assist midwives to diagnose active
labour) or the control group (in which midwives, continued with
their normal labour assessment processes). Overall data were
collected for 4503 women giving birth for the first time. The seven
experimental clusters collected data from a baseline sample of
1029 women and a post-implementation sample of 896 women.
The seven control clusters had a baseline sample of 1291 women
and a post-implementation sample of 1287 women.

The results of the trial found that the use of our algorithm had
no significant effect on oxytocin use or medical interventions in
spontaneous labour (Table 2 and Fig. 1). More women in the units
where midwives were using the algorithm were discharged home
following their first visit to the labour ward; however, women
quickly returned to the hospital and there was no difference in the
overall amount of time that women actually spent in the labour
ward. There was no difference in National Health Service (NHS)
costs but because women in the experimental group were higher
likely to have multiple visits to the labour ward, they incurred
higher travel costs as a result of the study intervention (Cheyne
et al., 2008b).
Oxytocin before intervention (%)

Fig. 1. Oxytocin use before and after trial implementation (adapted from Cheyne

et al., 2008b).
Implications: a complex intervention in a complex system

The overall duration of our study, from inception through to
completion of the main trial, took more than six years. We
successfully developed and evaluated the decision tool; however,
the final results from the main trial were both complex and
difficult to interpret. Whilst this study was being carried out,
several developments in the design of complex intervention trials,
and the theoretical underpinnings of understanding complex
intervention implementation occurred (including the publication
of the revised MRC guidelines). In the remainder of this paper, we
discuss our study in the light of these more recent developments
of our understanding of the evaluation of complex interventions.

As already discussed, a complex intervention can be consid-
ered as a ‘complicated’ intervention (Shiell et al., 2008). However,
we became increasingly aware, as our study progressed, that
through using the MRC framework, we may have tried to make
the intervention a simple one (to be tested rather like a drug
treatment) rather than evaluating it as a truly complex interven-
tion. As Shiell et al. (2008) point out, complexity in health care can
have two meanings; one in relation to the property of the
intervention (as described by the MRC framework) and one in
relation to the properties of the systems in which the intervention
Table 2
Oxytocin use before and after trial implementation.

Oxytocin use before Oxytocin use after

Control units

34.8 35.5

47.7 48.2

29.1 30.0

37.0 41.0

30.2 34.5

19.8 36.0

34.4 42.5

Experimental units

18.2 41.0

33.3 31.3

19.3 14.3

40.1 33.7

36.5 33.3

34.6 52.5

33.1 36.3

Please cite this article as: Dowding, D.W., et al., Complex interventio
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is implemented. In this understanding of complexity, a complex
system is ‘one that is adaptive to changes in its local environment,
is composed of other complex systems (for example, the human
body), and behaves in a non-linear fashion (change in outcome is
not proportional to change in input)’ (Shiell et al., 2008). In
essence in our trial, we were implementing our complex
intervention (the algorithm) into seven complex systems (each
of the maternity units in the intervention side of the trial).
Meanwhile, a further seven control sites were not using the
algorithm but were changing in response to a range of normal
NHS organisational factors outwith the control of the study.

Complex systems have ‘fuzzy boundaries’, where individuals
who operate within the system have the freedom to behave in
unpredictable ways, who inter-connect with each other, and who
have a number of internalised rules and patterns of behaviour
(Rowlands et al., 2005). When a complex intervention is
introduced into complex systems therefore, an interaction is
likely to occur where the intervention affects both individuals and
their work processes in unpredictable ways. This, in turn, may
impact on the outcomes of the intervention, and may lead to the
same intervention producing different results in each system in
which it is introduced. In our main trial, more women in the
intervention group were sent home (which could be a predictable
consequence of using the tool). However, this did not lead to
the expected reduction in the time spent in the labour ward, or the
reduction of interventions overall. Also, the results for individual
units varied (see Table 2 and Fig. 1); in some units, the intervention
rate went up after our tool was introduced, whereas in others, it
went down (highlighting the importance of using a cluster trial
approach). In other words, there was no predictable consequence
of the introduction of the decision tool across maternity units.

A number of factors, besides the use of explicit criteria to
identify the presence or absence of active labour, impact on
whether or not a woman is admitted into the labour ward. These
include issues such as how well a woman appears to be coping
with her current levels of pain, the amount of social support she
may have if she is sent home, the woman’s expectations about her
labour, how midwifery care is organised, and institutional factors
such as the availability of staff or beds (Cheyne et al., 2006). There
were other factors that may also have impacted on whether or
ns in midwifery care: Reflections on the design and evaluation of
016/j.midw.2009.11.001
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how the algorithm may have been used in practice, such as the
organisation of the labour ward itself, who was responsible for
assisting with the study in the local areas, and possibly the
experience and expertise of the midwife (Dowding et al., 2009). It
is likely that all of these factors will interact in different ways in
each of the seven midwifery units where the algorithm was
introduced; through introducing the algorithm, we will have
altered some of the relationships between influential factors and
impacted on different work flow processes. This, in turn, could
lead to the tool having a different effect on outcomes in each of
the maternity units in the experimental arm of the trial.

There are a number of changes to the revised version of
the MRC framework, emphasising the non-linear nature of the
development of complex interventions and highlighting the
benefits of carrying out a process evaluation as part of the main
trial phase (MRC, 2008). Rather than focusing on outcomes,
process evaluations explore factors that may impact on the trial
results. This could be an examination of how the intervention was
implemented in different trial sites, how different participants
viewed the intervention or how an intervention was made to ‘fit’
into existing work practices within trial sites (Oakley et al., 2006).
In our study, in retrospect, there are a number of changes we
could have made that would have both enhanced the study design
and assisted with the interpretation of the trial results. Firstly, the
need to incorporate an evaluation of women’s experiences of the
intervention suggests that it would have been useful to have had a
more comprehensive evaluation, at the feasibility stage, of how
the intervention affected women as this would have assisted with
the design of the intervention. Secondly, it would have been
useful to have explored in more detail exactly how the decision
tool was used in practice by midwives in the experimental sites,
and the impact it had on the way they organised their work in the
labour ward. Thirdly, given that midwifery units operate within a
broader organisational framework within their NHS trusts and the
wider NHS, it would also have been beneficial to document
changes happening at local organisational level and national level
for the duration of the trial. Such data could then assist with the
interpretation of complex study results, such as those obtained in
our study. Future research in midwifery that uses complex
interventions needs to consider incorporating an evaluation of
the impact of the intervention within the complex systems in
which they are implemented, as this is more likely to provide
insights into the eventual benefits/limitations of any intervention
and its potential impacts on more objective patient outcomes.
Implications of the study for our understanding of the
diagnosis of labour

Having completed the evaluation of our algorithm, we can
reflect on the implications of our results for understanding issues
surrounding the identification and management of women in the
latent or active stages of labour. The introduction of algorithms,
such as the one in this study, has been shown to increase the
accuracy of clinicians’ diagnosis (Meehl, 1954; Grove et al., 2000;
Dawes et al., 2002; Garg et al., 2005; Kawamoto et al., 2005). The
process of designing and evaluating the algorithm discussed here
indicated that the algorithm could be used consistently by
midwives, and was valid, acceptable and easy to complete
(Cheyne et al., 2008a, b). The trial results indicated that it did
have some effect on midwives’ judgements; women in the
intervention group who were assessed with the aid of the
algorithm in the early stages of labour were significantly more
likely to be sent home (Cheyne et al., 2008b). However, these
women were also likely to return immediately, creating a
‘revolving door’ effect, with very little impact on subsequent
Please cite this article as: Dowding, D.W., et al., Complex intervention
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interventions that they may have received. In essence, what
appeared to be happening on the basis of our study intervention
was that the algorithm had an effect on midwives’ diagnosis of
labour, but very little effect on the management decisions that
were taken when a woman was finally admitted to the labour
ward.

Much of the literature discussing issues of diagnosis of labour
and the link between admission in the latent phase of labour and
increased intervention, suggests that if the women were not in the
labour ward in the first place, the number of interventions would
decrease. However, the issues that have arisen on the basis of our
study suggest that the picture may be more complex than this.

First, simply sending a woman home because she is not in
active labour does not recognise the reasons why she may have
attended the labour ward in the first place (Cheyne et al., 2007).
Women often attend the labour ward because they are anxious
about being at home and are finding their current levels of pain
difficult to cope with (Cheyne et al., 2007; Barnett et al., 2008).
Without recognising these issues and providing some form of
support to women (either in a designated area within the
midwifery unit or in their own home), any intervention to try
and reduce a woman’s likelihood of re-attending the labour suite
will encounter difficulties.

Second, it may be too simplistic to suggest that a woman is
more likely to encounter interventions just because she has been
admitted to the labour ward. Our study results highlight that
there was little difference in the number of interventions (or
length of labour) between women sent home repeatedly and
those admitted straight away into the labour ward. This would
suggest that the focus of study may need to shift to examining the
decisions that midwives take when caring for women in labour;
both in terms of the decisions that are taken and the information
on which they are based. In contrast to judgements, decisions can
be considered to be ‘choices between alternatives’ (Dowie, 1993),
and should ideally be based on some form of evaluation of the
risks and benefits of each of the alternative actions available to an
individual. There is very little research examining how midwives
reach decisions about interventions with women during labour.
Our results suggest that this may be a more fruitful area of study if
we wish to reduce the number of interventions that women
receive, as it is possibly this part of the decision process (rather
than a midwife’s ability to accurately identify women in labour in
the first place) which is contributing to higher intervention rates.
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