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Figure 3 Paediatric neuroehabilitation linkage chart.

Delegates saw the development of a centre of excel-
lence to evaluate rehabilitation technology as an
outcome, with appropriate access to personnel, clini-
cians with special interest, facilities and a database of
these technologies. It was felt that this would enable
professionals to personalise patient care by accessing
the right tools at the right time for the right patients to
improve outcomes.

Currently, there is no systematic method of evalu-
ating technology in the paediatric neurorehabilitation
population. There is also little joined-up working
between clinicians and technology professionals to
enable pertinent problems to be addressed. Difficul-
ties of funding were a particular barrier to this priority,
especially with regard to demonstrating value to
commissioning bodies in the current health economy.

DISCUSSION
The use of the roadmapping tool enabled professionals
to identify gaps in the paediatric neurorehabilita-
tion provision. These gaps were then prioritised and
current practice, facilitators, barriers and outcomes
were identified. While this is the first time these have
been documented in this way, the priorities identified
do link with the current understanding of best practice.
The provision of care local to patients is contro-
versial at present.”” Current squeezes on health
budgets as well as a drive for specialisation of clinical

expertise have meant that patients and their families
often must travel long distances for their treatment.'*
This is particularly true in paediatric neurorehabilita-
tion where small patient numbers have traditionally
meant that patients with severe disability often must
travel across the country to access specialist services.”
The disruption that this can cause a family and the
possibility of this disruption worsening the patient’s
outcome have become a growing concern." There is a
growing understanding of the effects that even ‘mild’
neurological trauma can have on a child, which has led
to an appreciation of the importance of longer-term
specialist follow-up of the larger number of children
who appear functionally able.'® This has led to the need
for further development of high-quality local services
for these children and their families. While this is diffi-
cult especially in areas with lower population density,
services have found the use of a hub and spoke type
system highly effective!” and delegates identified this
as a possible model for future development.

The return to school is often seen as a central goal
for children after a neurological injury."® This return is
a significant landmark of normality and is also where
many children will access their rehabilitation therapies.
There are however significant barriers to this return
and the outcomes are often far from ideal.” One of
the most repeated difficulties that families and students
themselves report is the lack of knowledge of ABI
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within the educational sector. Parents and the child can
find themselves constantly explaining that the child
has difficulties with professionals and peers who have
poor understanding of the behavioural, emotional
and cognitive difficulties children may have as well as
appropriate strategies to manage this.'”” The provision
of an online training package for professionals and an
active development of the special educational needs
coordinator (SENCO) role in this area therefore may
provide an important point of knowledge to support
the child in returning to school.

The appropriate identification and signposting of
resources is a constant challenge in a dynamic and fluid
health economy.?” The impact this has on patient expe-
rience and use of health resources has been well docu-
mented.”’ The provision of an up-to-date database
could lead to significant time saving to professionals
as well as parents. The addition of a mechanism for
auditing the effectiveness of these services would also
provide a method of constant service evaluation and
source of data for research questions in an area with
a sparse evidence base.”? Such databases, however,
require constant maintenance and the development
of a nationwide system would be a considerable chal-
lenge and would require a significant investment. A
regional pilot would therefore be indicated as a proof
of concept and funding would be required to achieve
this.

The development of a similar facility to audit and
evaluate rehabilitation technology is another priority
identified by the delegates. Again, this is likely to
require designated funding to achieve a meaningful
result. The benefits that technology has brought to
various health sectors have been well documented,*’
and this investment may lead to significant savings in
the future both in terms of cost and morbidity. Reha-
bilitative technologies have been hypothesised to be
of considerable benefit to patients after neurological
insults and have been shown to be of advantage in
adult patients, but the evidence in children remains
poor.'” A centre to routinely audit and evaluate these
technologies and to provide leadership in the use of
these emerging techniques currently does not exist.
The identification of a suitable location and team
would again require an investment of funding but
would be likely to deliver cost savings and improved
outcomes in the future.

While roadmapping techniques have been used
extensively in manufacturing and business,** their use
in medical care has not been documented previously. As
well as providing useful insights into the current state
of services and priorities for development, this paper
provides a demonstration of the use of roadmapping.
Efficiencies and improved outcomes have been shown
in other contexts.” It is likely, as health sectors become
more pressured due to increased demand and limited
resources, that techniques such as these will become
more commonplace not only at a commissioner level

but also led by clinician collaborations such as the one
described in this paper.

Strengths and limitations

The use of a systematic and evidence-based technique
to identify gaps and opportunities provided this inves-
tigation with considerable methodological strengths."’
Delegates were invited based on their knowledge
of local services as well as expertise in treatment of
the population group or applicable techniques. This
diversity provides an improved validity of the results
presented. The systematic production of a visual map
followed by prioritisation and further development by
delegates provides a transparent method of identifica-
tion of service deficits and methods to improve them
with targeted outcomes.

While a widespread of delegates was present, the
absence of a parent or patient’s representative was
conspicuous. Roadmapping techniques in the manu-
facturing sector have been limited to those who have
been seen to have a strategic knowledge of processes.
Consumers in the manufacturing sector differ from
those in the health sector. In the health sector, patients
and their families often take on the role of the ‘expert
patient’ and have a detailed viewpoint of health
systems which often differs from those of profes-
sionals® and can be considered at a strategic level. The
understanding of the importance of the involvement of
patient and public in service development is becoming
increasingly understood®® and their inclusion might
well have provided different perspectives to those that
were stated.

CONCLUSION

Using the IfM roadmapping procedure, a list of prior-
ities for service development in the field of paediatric
neurorehabilitation has been developed. While invest-
ment would be required to achieve these benefits,
the contribution that they may have to patients’ and
families’ experiences and outcomes is considerable.
The use of the IfM roadmapping procedure has been
shown to provide useful insights in a health sphere and
this technique should be considered for all services
that are looking to identify areas of difficulty and ways
to improve their patient care.

Acknowledgements This article would not have been possible
without the contribution of the delegates who attended the
exercise. Their knowledge and expertise provided valuable insights
which will guide future service planning and patient care. This
article was commissioned by the National Institute for Health
Research (NIHR) Brain Injury Healthcare Technology Co-
operative. The views expressed are those of the authors and not
necessarily those of the NHS, the NIHR or the Department of
Health.

Contributors CH wrote the first and subsequent drafts. All authors
contributed to drafts. AM is the Paediatric Rehabilitation theme
lead and led the workshop described. AG and RP assisted with the
use of and analysis of the IfM Roadmapping Process. MB provided
project management coordination as well as facilitation of the

6

Hamilton C, et al. BMJ Innov 2017;0:1-7. doi:10.1136/bmjinnov-2017-000202


http://innovations.bmj.com/
http://group.bmj.com

Downloaded from http://innovations.bmj.com/ on September 24, 2017 - Published by group.bmj.com

HEALTH IT, SYSTEMS AND PROCESS INNOVATIONS

workshop. JP provided oversite and review of the project and
organisation of the work group.

Competing interests None declared.

Provenance and peer review Not commissioned; externally peer
reviewed.

Data sharing statement All pertinent data have been included in
this paper. A full report is available for review on request from
corresponding author.

© Article author(s) (or their employer(s) unless otherwise stated in
the text of the article) 2017. All rights reserved. No commercial use

is permitted unless otherwise expressly granted.

REFERENCES

1 Houston R, Pearson GA. Hospital facilities for head injured
children: UK national survey. Emerg Med ] 2012;29:309-15.

2 Chan V, Pole JD, Keightley M, et al. Children and youth with
non-traumatic brain injury: a population based perspective.
BMC Neurol 2016;16:110.

3 Ramaiah VK, Sharma D, Ma L, et al. Admission oxygenation
and ventilation parameters associated with discharge survival
in severe pediatric traumatic brain injury. Childs Nerv Syst
2013;29:629-34.

4 Gordon AL, di Maggio A. Rehabilitation for children after
acquired brain injury: current and emerging approaches.
Pediatr Neurol 2012;46:339-44.

5 Forsyth R, Waugh MC. Paediatric brain injury - getting there
from here. Child Care Health Dev 2010;36:1-2.

6 Brenner LA, Dise-Lewis JE, Bartles SK, ez al. The long-term
impact and rehabilitation of pediatric traumatic brain injury:
a 50-year follow-up case study. ] Head Trauma Rehabil
2007;22:56-64.

7 Kaba F, Diamond P, Haque A, et al. Traumatic brain injury
among newly admitted adolescents in the New York city jail
system. | Adolesc Health 2014;54:615-7.

8 Scott C, McKinlay A, McLellan T, et al. A comparison of adult

outcomes for males compared to females following pediatric
traumatic brain injury. Neuropsychology 2015;29(4):501-8.
9 Bray L. Parents' experiences of hope following a child's brain
injury. Nurs Child Young People 2015;27:22-6.
10 Forsyth R, Basu A. The promotion of recovery through

rehabilitation after acquired brain injury in children. Dev Med

Child Neurol 2015;57:16-22.

11 Phaal R, Farrukh CJP, Probert DR. Strategic Roadmapping:
A Workshop-based Approach for Identifying and Exploring
Strategic Issues and Opportunities. Engineering Management
Journal 2007;19:3-12.

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Moehrle MG, Isenmann R, Phaal R. & SpringerLink eBook
Collection 2013. Technology Roadmapping for Strategy and
Innovation: Charting the Route to Success. Berlin, Heidelberg.:
Springer Berlin Heidelberg.

O'Dowd A. Closing some local services could save lives report
says. BMJ: British Medical Journal 20065333 (no. 7580):1187.
Bhattarai N, McMeekin B, Price C, et al. Economic evaluations
on centralisation of specialised healthcare services: a systematic
review of methods. BMJ Open 2016;6:¢011214.

Benn KM, McColl MA. Parental coping following childhood
acquired brain injury. Brain Inj 2004;18:239-55.

Anderson V, Spencer-Smith M, Wood A. Do children really
recover better? Neurobehavioural plasticity after early brain
insult. Brain 2011;134:2197-221.

Lee SJC, Higashi RT, Inrig S]J, et al. County-level outcomes

of a rural breast cancer screening outreach strategy: a
decentralized hub-and-spoke model (BSPAN2). Translational
Behavioral Medicine 2016:1-9.

Bedell GM. Functional outcomes of school-age children

with acquired brain injuries at discharge from inpatient
rehabilitation. Brain Inj 2008;22:313-24.

Mealings M, Douglas J, Olver J. Considering the student
perspective in returning to school after TBI: a literature review.
Brain Inj 2012;26:1165-76.

Brewster L, Sen B. 'Quality signposting': the role of online
information prescription in providing patient information.
Health Info Libr ] 2011;28:59-67.

Lord K, Livingston G, Robertson S, et al. How people with
dementia and their families decide about moving to a care
home and support their needs: development of a decision aid,
a qualitative study. BMC Geriatr 2016;16:68.

Krach LE, Aldahondo N, Sinner A, et al. Current concepts in
the rehabilitation of pediatric traumatic brain injury. Curr Phys
Med Rehabil Rep 2013;1:57-64.

Patil R, Patil A. Use of information technology in healthcare
sector for improving outcomes. International Journal of Basic
& Clinical Pharmacology 2014;3:269.

Simonse LWL, Hultink EJ, Buijs JA. Innovation Roadmapping:
Building Concepts from Practitioners’ Insights. Journal of
Product Innovation Management 2015;32(6):904-24.

Hasse JU, Weingaertner DE. From vision to action:
roadmapping as a strategic method and tool to implement
climate change adaptation - the example of the roadmap 'water
sensitive urban design 2020'. Water Sci Technol 2016;
73:2251-9.

Stewart D, Wilson R, Selby P, et al. Patient and public
involvement. Ann Oncol 2011;22:vii54-vii56.

Hamilton C, et al. BMJ Innov 2017;0:1-7. doi:10.1136/bmjinnov-2017-000202


http://dx.doi.org/10.1136/emj.2011.112110
http://dx.doi.org/10.1186/s12883-016-0631-2
http://dx.doi.org/10.1007/s00381-012-1984-5
http://dx.doi.org/10.1016/j.pediatrneurol.2012.02.029
http://dx.doi.org/10.1111/j.1365-2214.2009.01044.x
http://dx.doi.org/10.1016/j.jadohealth.2013.12.013
http://dx.doi.org/10.1037/neu0000074
http://dx.doi.org/10.7748/ncyp.27.7.22.e618
http://dx.doi.org/10.1111/dmcn.12575
http://dx.doi.org/10.1111/dmcn.12575
http://dx.doi.org/10.1080/10429247.2007.11431716
http://dx.doi.org/10.1080/10429247.2007.11431716
http://dx.doi.org/10.1136/bmjopen-2016-011214
http://dx.doi.org/10.1080/02699050310001617343
http://dx.doi.org/10.1093/brain/awr103
http://dx.doi.org/10.1080/02699050801978948
http://dx.doi.org/10.3109/02699052.2012.672785
http://dx.doi.org/10.1111/j.1471-1842.2010.00912.x
http://dx.doi.org/10.1186/s12877-016-0242-1
http://dx.doi.org/10.1007/s40141-013-0007-0
http://dx.doi.org/10.1007/s40141-013-0007-0
http://dx.doi.org/10.5455/2319-2003.ijbcp20140403
http://dx.doi.org/10.5455/2319-2003.ijbcp20140403
http://dx.doi.org/10.1111/jpim.12208
http://dx.doi.org/10.1111/jpim.12208
http://dx.doi.org/10.2166/wst.2016.065
http://dx.doi.org/10.1093/annonc/mdr427
http://innovations.bmj.com/
http://group.bmj.com

Downloaded from http://innovations.bmj.com/ on September 24, 2017 - Published by group.bmj.com

Paediatric neurorehabilitation: finding and
filling the gaps through the use of the
Institute for Manufacturing strategic

roadmapping method

Colin Hamilton, Anna Maw, Andrew Gill, Mita Brahmbhatt, Robert Phaal
and John Pickard

BMJ Innov published online September 2, 2017

Updated information and services can be found at:
http://innovations.bmj.com/content/early/2017/09/02/bmjinnov-2017-
000202

These include:

References This article cites 24 articles, 3 of which you can access for free at:
http://innovations.bmj.com/content/early/2017/09/02/bmjinnov-2017-
000202#BIBL

Email alerting Receive free email alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Topic Articles on similar topics can be found in the following collections

Collections Health IT, systems and process innovations (21)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.omj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://innovations.bmj.com/content/early/2017/09/02/bmjinnov-2017-000202
http://innovations.bmj.com/content/early/2017/09/02/bmjinnov-2017-000202
http://innovations.bmj.com/content/early/2017/09/02/bmjinnov-2017-000202#BIBL
http://innovations.bmj.com/content/early/2017/09/02/bmjinnov-2017-000202#BIBL
http://innovations.bmj.com//cgi/collection/bmj_innovations_health_it_systems_and_process_innovations
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://innovations.bmj.com/
http://group.bmj.com

