Critical Care Scientists: Role, Training and Future Directions

Abstract

Critical Care Scientists are a little known but increasingly prominent group of professionals, included
in both the government-run Modernising Scientific Careers initiative and 2019 Guidelines for the
Provision of Intensive Care Services. This article outlines the role of Critical Care Scientists, their
training programme and potential future directions for the role. A wider appreciation and
acknowledgement of the Critical Care Scientist’s role within the multi-disciplinary team will allow
critical care units to fully understand the potential benefits that may be brought to patient care and

service delivery.

Introduction

As the NHS moves towards the digital age, and medical advances incorporate more technology in
healthcare, there has become a pressing need for an innovative workforce to bridge the technical,
scientific and clinical aspects of care delivery. The exploration of innovative roles within the multi-
disciplinary team (MDT) has been further encouraged by nursing and medical staff shortages. To this
effect the government has launched the Modernising Scientific Careers initiative, which covers the
training and recognition of Critical Care Scientists (CCS). The current healthcare scientist workforce
now makes up over 50,000 personnel in the NHS and public health services, contributing to
approximately 80% of all clinical diagnoses and conducting over 1 billion diagnostic tests each year,
and is one of the fastest growing staff groupings.’™ Historically the performance of tasks undertaken
by a CCS belonged to the nurses and doctors, who were expected to trial and use any medical
equipment needed to provide patient care. The expansion of medical technology over the last few
decades has made this more challenging and complex for the already busy units to keep abreast of.
The need for a group of equipment ‘super users’ has appeared, providing around-the-clock
assistance, as well as the scientific understanding of key principles behind novel interventions
required to direct innovation and research. The CCS role, which has emerged to address these
needs, crucially involves understanding the science underpinning advanced therapies, combining it
with in-depth technical understanding of medical equipment and applying this to a broad range of
clinical situations. Hence, the title ‘Scientist’ superseded ‘Technologists’

s—=ad ,. as the role of the CCS is not restricted to the

provision of technical support, but encompasses expert clinical knowledge in the application of



technology to physiological problems. The profession has now gained its own chapter in the 2019
Guidelines for the Provision of Intensive Care Services.” There have also been recent role
promotional materials that have gained attention through Twitter and the Academy for Healthcare

Science media.”® This article explores the role and future of CCS.

CCS have advanced scientific and clinical knowledge of specialist equipment that specialist therapies,
advanced monitoring and diagnostics. CCS provide front line equipment troubleshooting, assistance
with intra-hospital transfers, as well as patient stabilisation, and provide an on-call or 24-hour
service. The CCS team is responsible for diagnostics such as clotting profiles and arterial blood gas
analysis; maintaining equipment, conducting local and national quality assurance as well as
performing and interpreting these specialist tests. CCS are heavily involved with the equipment
lifecycle across all critical care areas; including procurement, maintenance, new technology trials,
and incident investigation. As such, CCS provide a crucial link between medical engineering and
clinical staff on the unit, ensuring safe and effective functionality of all critical care equipment. CCS
are often called upon to facilitate complex clinical solutions that have not been explored before, and
are uniquely placed to derive safe and effective solutions to the patient’s holistic needs. CCS often
adopt specialist roles to match the patient needs across the varied units in which they work,
including specialist Intensive Care Units, Theatres and Emergency Departments. Such roles
may include paediatric retrievals, transcranial Doppler services, supporting long term ventilation in
the community, as well as bronchoscopies, and response to major trauma and hospital

calls (Table 1). The exact tasks performed will vary between centres, as will the extent of CCS
involvement in specific activities (ranging from equipment set-up, to managing aspects of therapies).
The Society of Critical Care Technologies is the

professional body that represents the profession.
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This list has been compiled on the basis of the authors’ work across different locations and their
interaction with CCS from other centres.

Table 1: A non-exhaustive list of the various duties provided as part of Critical Care Science service

delivery across different locations in the UK.

In locations without a dedicated CCS presence, the tasks of a CCS are split between the MDT with a
large contribution from dedicated intensive care nurses who have additional technological training,
known as “nurse techs”. As such, there is considerable variation in the service provided, depending
on the hospital structure and the specific services it is commissioned to provide. The CCS team in
Manchester has become successfully embedded within the MDT across all adult and paediatric
critical care areas. Below, a Consultant and Research Nurse provide overviews of their interaction

with CCS:

Within the Paediatric Critical Care Unit, CCS are becoming an increasingly indispensable part of the

MDT; the CCS team provides a reliable service facilitating the safe application of technologically




advanced diagnostic, monitoring and therapeutic equipment. With the high turnover rates of junior
medical and nursing staff in critical care areas the CCS team represent a consistent resource with a
level of experience and expertise in maintaining, deploying, optimally using and trouble-shooting
equipment that cannot be matched by other professional groups. As such the CCS team are uniquely
positioned to improve direct patient care, educate their partners within the MDT, conduct original
research, and work with partners in industry to evaluate innovative products. In the past, the ability
of clinicians to optimally deploy complex technological equipment was often limited by their personal
knowledge and the availability of specific members of staff; this led to unacceptable variations in
clinical care. With the evolution of consistent, 24-hour a day CCS team support across critical care
areas, patients will benefit from the timely application of advanced equipment and will receive high

quality, safer medical care. — Paediatric Critical Care Consultant

Achieving best clinical practice requires new knowledge, and we view the role of the critical care
scientist to be an essential element in our team to improve patient outcomes and accelerate the
adoption of research and innovation into practice. By analysing and reviewing scientific literature,
and clinically evaluating new critical care technologies, we work as a team to manage service
development in clinical practice, and determine the impact for future development in paediatric
critical care. The role of the healthcare scientist role is critical and invaluable in developing innovative
treatments and care for the future, and the evolving health care needs of our patients and their
families, and their contribution to research and innovation should be widely supported to foster their

growth. — Paediatric Critical Care Research Nurse

Training Structure

The Scientist Training Programme (STP) is a graduate-entry scheme involving a part-time MSc in
Clinical Science. Currently the academic component for the CCS STP is only delivered by Manchester
Metropolitan University, though the practical component has so far been delivered across four sites
(four trained at Manchester, two trained at Southampton, one at Papworth and one at Portsmouth).
STP CCS trainees complete a portfolio of competences accompanied by professional examinations,
alongside full-time supernumerary NHS employment, traditionally at Band 6. Once qualified, a
registered Clinical Scientist is expected to progress to/ or becomes eligible to apply for band 7

posts.

The CCS STP course is delivered alongside other Clinical Science specialisms, especially others also

belonging to the physiology grouping of Healthcare Science specialisms, in particular Cardiac Science,



and Respiratory and Sleep Science. Throughout the course trainees complete a professionalism
module, an elective where trainees can spend up to 6 weeks exploring a clinical area of their interest,
e.g. work in a different country, a hospital with a different structure, or within a different service that
links with critical care. Trainees also complete a research project spanning two academic years, life
support training,”"" and specialist modules involving both work-based and university assessments
(Figure 1).°"” The training structure ensures that STP graduate CCS do not only have the technical
skills to work within the critical care environment, but also have the necessary clinical physiology
knowledge to provide advice to the medical and nursing teams, as well as the necessary soft skills to

navigate the healthcare environment.

(INSERT FIGURE 1 HERE)

Figure 1: Flow diagram detailing the STP structure.

There are currently no opportunities open to non-graduates to enter the clinical scientist pathway in
critical care due to a lack of a Practitioner Training Programme (PTP). The PTP is an undergraduate
science degree that produces students ready to undertake roles such as cardiac and respiratory
physiologists. Apprenticeship opportunities are currently being explored and would provide a long

term flow of ‘trained on the job’ personnel to enhance Critical Care Science departments.

The CCS STP has only been introduced in the last ten years, and most CCS working in the UK have not
completed the programme. Traditionally staff would come from a medical physics & physiological
measurement background (the forerunner to many modern healthcare specialisms), and nowadays
there is still a lot of lateral migration into the role, with people coming in from both clinical and
scientific/engineering backgrounds (Figure 2). Those who have entered the profession via the in-
service route can choose to complete an equivalence programme, which will allow them to register
with the Health and Care Professionals Council (HCPC) through completion of a portfolio proving that
they possess the skills and knowledge equivalent to STP graduates, and without the need to
complete the MSc. While currently registration with the HCPC is not compulsory, this might change
in the future with the constant emphasis on central reassurances for patient safety and fitness to
practice accreditations. It is hoped that more established staff will take the equivalence route to help

to raise the profile of the profession.



(INSERT FIGURE 2 HERE)

Figure 2: Flow diagram detailing the lateral migration and in-house training structures.

Comparison With Other Professions and Countries

To show the extent of the clinical training as well as to give a better picture of the role to those not

based in the UK it is worth comparing the STP CCS programme with other professions.

The STP is a MSc level graduate entry programme with concurrent employment and on-the-job
clinical training; as such it is largely similar to the Advanced Critical Care Practitioner (ACCP) training
structure or Perfusionist training. As opposed to ACCP and Physician Associate training, the
emphasis is primarily on physiological investigations, application of technology to therapy, and
clinical research. Currently the training and funding structure is similar to graduate medical training.
STP applicants in England and Wales apply via a national portal (Oriel) " where, based on a point
scoring system, they get accepted into their chosen specialisms, with the highest scoring individuals
being allocated their preferred learning centres. STP trainee salaries, university fees, and a small

training grant to the hosting Trust are funded provided by Health Education England.

The role of the CCS, while not ubiquitously, is present in other countries, such as New Zealand™" and
Australia. Moreover, with the CCS STP emphasis on mechanical ventilation there is a large overlap
with the North American Respiratory Therapists. Currently CCS do not tend to perform
comprehensive patient assessments like Respiratory Therapists do, though this is an area that Clinical

Scientists do engage in (e.g. in consultant scientists posts, or specialist physiology clinics).

Future directions

The future of CCS and the developing role will be largely determined by technological advances. Dr
Eric Topol’s review of preparing the healthcare workforce to deliver the digital future highlights how
telemedicine, remote monitoring, interventional robotics and predictive analysis using artificial
intelligence (Al) are all key development areas within the NHS over the next 20 years. The
importance of this has been highlighted by the recent announcement of the development of NHSX
(the NHS digital transformation programme).””" The advances in use of apps for smart devices,

virtual reality and wearable technology will have the potential to revolutionise critical care and the



locations in which it is provided. CCS will not only be vital in the research and innovation required for
the development of these techniques, but also in their integration and application, shaping a new
standard of clinical practice, which will also be largely driven by the requirements of the specialist
units, and their unique therapeutic and diagnostic requirements, across which CCS work. For
example, progress in miniaturisation will extend the range of point-of-care technologies that could
be used at the bedside. Developments in Al and ‘big data’ (e.g. the processing of large volumes of
monitoring and outcome data) will allow the integration of patient information with algorithmic
analysis, and produce guidance on further treatment, helping to make precision medicine a reality in
Critical Care. CCS are ideally suited to research and implement such technologies, with their expert
knowledge of equipment and clinical physiology. Engaging with research teams as well as industry

will continue to be an important role within CCS.

Currently CCS is one of the few Clinical Science specialisms that does not have a Higher Specialist
Scientist Training (HSST) programme (a 5 year doctoral level consultant training scheme).””"” Such
programmes do already exist for other physiological specialisms, such as Cardiac Science, and
Respiratory and Sleep Science where Clinical Scientists provide advanced patient assessments to
guide specialist therapies. Within the current structure of the critical care MDT there would probably

little uptake of a CCS HSST but this is a potential area for exploration.

With the development of the profession, CCS could relieve the ever-increasing burden on the
medical and nursing team, especially in the light of the relative staff shortages compared to the level
of care we wish to receive, while simultaneously ensuring that a specialist delivers the
appropriate care by taking greater ownership of their areas of expertise, such as mechanical
ventilation, management of renal replacement therapies, and non-routine interventions to which
CCS might have had more exposure to than the rest of the MDT. These are areas in which CCS already
provide extensive support to the rest of the MDT e.g. by advising staff how to optimise prescriptions
for hemofiltration or the use of anaesthetic conservation devices. Moreover, NHS England is
currently in the process of starting a consultation on whether Clinical Scientists should be allowed to
work under patient group directives. If CCS were granted this privilege, it would open new avenues in
how they are utilised. As the profession gains prominence, and the healthcare system continues to
adapt to the ever-changing clinical landscape, it is hoped that CCS become more established
members of the MDT in critical areas across the country, delivering innovative solutions to the

physiological and technological needs of patients.



Conclusion

CCS are highly trained in clinical physiology and in the use of medical technologies. As such, they are
uniquely positioned to manage the medical technologies emerging in the ever more complex critical
care environment. CCS can provide advice to the whole MDT on the safe and effective use of these
technologies. Within busy, and pathologically varied, critical care units CCS can support the medical
and nursing team in interpreting the results of complex diagnostic and monitoring technologies, and
in the application of those results to therapeutic interventions, especially non-routine and
technologically advanced options. CCS are not only a valuable member of the MDT, but with the
increasing importance of research and the advent of precision medicine, they are ideally suited to

facilitate the transition of the latest technologies from the bench to the bedside.
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