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1. Summary of the impact (indicative maximum 100 words)

Cardiovascular disease accounts for 64,000 UK deaths and costs £9 billion per annum.
Angiography is central in the management of patients with suspected heart disease. Roobottom
has converted Cardiac Tomographic Cardiac Angiography (CTCA) from a research tool to a
robust diagnostic test by improving its safety, developing the technique and providing accuracy
data. The team’s contribution led to NICE recommending CTCA as the primary diagnostic tool
for all patients in the UK (340,000 patients per annum) in 2016. The guidelines are supported by
all specialist groups and NICE estimate a minimum saving of £16 million p.a. by its preferred
utilisation due to the reduced cost of CTCA compared with invasive angiography.

2. Underpinning research (indicative maximum 500 words)

Professor Carl Roobottom and his team have been at the forefront of developing Cardiac
Tomographic Cardiac Angiography (CTCA) in the UK for 15 years.

Prior to CTCA: Until the development of CTCA, the only way to anatomically visualise the
coronary arteries, and the narrowing’s that cause heart attacks, angina and death, was invasive
coronary angiography. This is expensive (£1600), requires hospital admission and has a
mortality of 1 in 1000 and a morbidity of 5-10%. In contrast, computed tomographic imaging is a
safe outpatient procedure costing £200. CT is used to image most parts of the body. However,
its application to image the heart had technical challenges to be overcome which have been the
primary focus of the Plymouth group.

Technical Challenges: Roobottom’s team were the first to apply Electrocardiographic gating
techniques to image the thorax and aorta and subsequently the heart in the UK, demonstrating
CTCA as a viable alternative to invasive angiography. [3.1]. The team were the first to report
clinical utilization of CTCA in the UK, and their ongoing clinical accuracy trials demonstrated that
CTCA provided high accuracy [3.2].

Patient safety: One of the major obstacles to the greater use of CTCA was its very high
radiation dosage with known risks of causing cancer. Roobottom has worked extensively on CT
dose reduction. Partly this was achieved by realising that only certain parts of the cardiac cycle
are required for diagnostic images and only giving radiation in those parts of the heart cycle [3.1
& 3.3]. He also helped develop new computational reconstruction methods which were more
tolerant of image noise and allowed dose reduction [3.4]. CTCA’s low dose was a major




consideration for NICE (CG95, 2016) in recommending the use of the technique as a first line
investigation for all 340,000 patients per annum with chest pain.

Difficult Patients: Early studies of CTCA showed that it was an excellent test in younger
patients, who typically had little calcium within the vessel wall. However, it showed poor
accuracy in patients with metal stents in the vessel or high levels of coronary artery calcium.
Roobottom demonstrated that new computational methods of image reconstruction could
overcome these limitations, even in high-risk groups who tend to have high levels of calcium in
their vessels, with accuracy equal to invasive angiography [3.5]. This meant it could be used in
all patient groups.

CTCA is also difficult in patients with abnormal heart rhythm. Roobottom demonstrated that the
use of a certain part of the heart cycle not only improved accuracy but also allowed dose
reduction [3.3].

From anatomy to function: It is sometimes difficult on angiography to know if a narrowing of a
coronary vessel is significant enough to cause symptoms. The conventional method of
assessing this is by placing a pressure transducer in the coronary artery. This is expensive
(£3000) and uncomfortable for patients. Roobottom has helped to develop the role of CT
Computational Fractional Flow Reserve, a new non-invasive alternative, with engineering
colleagues. This technique uses CTCA as a basis to perform computational fluid dynamics to
assess the haemodynamic significance of a narrowing just from the CT data. The published data
[3.6] show it to be highly accurate compared to the invasive alternative. This technique is now
recommended as a safe and cost-effective alternative to the invasive procedure (NICE MTG32,
2017).
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4. Details of the impact (indicative maximum 750 words)

Roobottom’s main priority as a clinician is to deliver and develop high quality care to the
maximum number of patients possible. Cardiovascular disease is the world’s biggest killer, 7.4
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million UK patients have the disease, with 460 patients dying each day. As a Doctor performing
invasive angiography, he appreciated it was painful and risky for his patients. Seeing the
potential of CTCA, Roobottom was the first UK clinician to begin clinical research in this area. He
developed a close relationship with General Electric (GE) technology, the world’s largest
manufacturer of CT equipment, to develop the techniques and technology for performing cardiac
CT. This technology and reporting software are now incorporated into all CT scanners sold by
the company.

Improving patient safety

Ensuring patient safety is multifaceted and involves a safe investigation, accurate application
and performance of the investigation. Roobottom’s work on radiation reduction and technique
has resulted in CTCA being transformed from the highest radiation dose CT technique to one of
the lowest.

Radiation

In 2003, CTCA was a very high radiation dose examination. Radiation reduction was vital to
improve clinical and patient acceptability by reducing the risk of radiation-induced cancers.
Roobottom’s research showed that using radiation only during certain parts of the heart cycle
could reduce exposure by over half (3.3). Further work utilising new computer image
reconstruction techniques, with GE technology, showed that radiation doses could be reduced
by a factor of 15 without reducing accuracy [5.1]. Jane Hickey, GE Healthcare said,
“[Roobottom’s] input... to GE helped develop both the hardware and software for cardiac
imaging. His research was pivotal in demonstrating how to reduce radiation dose and maintain
high diagnostic accuracy.” [5.2]. This technique is now utilised in all GE scanners across the
world.

Little real-world radiation dose data existed for the majority of cardiovascular CT. Therefore,
Roobottom participated in a study to document real-world radiation doses for coronary CTA in
the United Kingdom. A dose survey questionnaire was distributed to members of the British
Society of Cardiovascular Imaging and other UK cardiac CT units. This national audit
demonstrated that CTCA exposes the patient to a very low dose of radiation [5.3].

His work on guidelines and standards and accreditation have ensured national dissemination
and adherence of these techniques by incorporating them into national standards and making
them part of the accreditation process by the Royal College of Radiologists [5.4].

Application of technigue

The performance of CTCA is technically challenging for the operator and requires a high level of
expertise. Roobottom recognised that for CTCA to become a non-specialist tool at a global level,
more widespread knowledge of how the technique could be deployed was required. In order to
facilitate this, he worked with GE to set his centre up as reference site to allow others to visit. GE
regularly use his site both for national and international customers to showcase cardiac CT and
to provide onsite training for customers. Moreover, he has lectured across the world on their
behalf. Jane Hickey, GE Healthcare said, “Professor Roobottom was the first UK Radiologist to
set up a Cardiac CT service in the UK. For over a decade Professor Roobottom has run a
cardiac CT course with GE to provide much needed training and accreditation in cardiac CT
reporting both in the UK, Africa and the Middle East. Up to 6 courses run per year to ensure that
Radiologists and Cardiologists can obtain this vital training.” [5.2] Plymouth has had over 200
visitors from around the world from 2014-19 to learn how to perform CTCA.

In addition, he:
e Published documents on safe practice and equipment requirements through the British
Society of Cardiac Imaging (BSCI) (2017) [5.4]
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e Set up the current accreditation process used by the BSCI, which is internationally
recognised, undertaken by the majority of practitioners in the UK and is a compulsory
requirement of medical insurance companies.[5.5]

¢ Sits on the NICE MTAC (ongoing) to evaluate new technologies being produced.

Improving applicability

Improved outcome is dependent on accurate and timely diagnosis for all patients. Roobottom’s
development of new techniques, including high-definition CT, demonstrated that all patients
could be investigated with CTCA with high accuracy. These results were key to persuading
NICE to change its recommendations for use of CTCA from just low risk patients (2010) to the
first line investigation for all patients, including those at high risk [5.6]

Accuracy is not only dependent on the production of good quality images but also on accurate
interpretation. This requires high-quality education. To achieve this, Roobottom has:

e Integrated cross-sectional anatomy teaching for all medical students at the Peninsula
Medical School.

e Created the Peninsula Radiology Academy, the only stand-alone facility in the UK
dedicated to training in imaging. This is a multi-professional facility which delivers
innovative education locally, nationally and internationally with exceptional participation
feedback. It was praised by a Health Education England review in 2017 [5.7].

e Set up a cardiac CT training course, running five times per year, which since 2005 has
trained 375 doctors. The majority of these are now currently performing CTCA in the UK.

Improving outcomes in acute chest pain

Chest pain accounts for 700,000 Emergency Department (ED) attendances per annum and 40%
of hospital admissions. However, 85% of patients are subsequently discharged without a
diagnosis. CTCA has a negative predictive value approaching 100%, and logically, if delivered
directly to patients in the ED, will save lives and allow massive cost savings (by preventing
hospital admission) as well as improving patient satisfaction (by speedier diagnosis). Roobottom
led the case for a state-of-the-art CT scanner in ED in his hospital (2019), which is estimated to
save the Trust £800k p.a. and halve admissions of patients presenting with chest pains. To
define the role of CTCA in acute chest pain, Roobottom was involved in the largest CTCA trial
ever as lead Radiologist. This 1750 patient study has categorised which subgroups derive the
most benefit from CTCA in acute chest pain [5.8].

Changing national guidelines & practice

Roobottom was the lead clinical expert for NICE in their diagnostic guidance on the use of
advanced CT scanners in difficult to examine patients which recommended the increased use of
CTCA with the appropriate CT equipment.

In 2015, due to his national reputation, he was appointed as the sole radiological clinical expert
on the Clinical Guidelines committee for stable chest pain and he was instrumental in
highlighting the accuracy, cost efficiency and prognostic advantages of CTCA. This led NICE
[5.5] to recommend it in 2017 as the first line investigation for all patients with stable chest pain
(340,000 p.a.). NICE performed an economic evaluation of the impact of this change in England
in patients who presented to chest pain clinics. In this relatively small subgroup, they estimated
an ongoing £16 million p.a. saving from the switch to CTCA, which has largely occurred. Across
all patient groups and applied to a UK, rather than just an English population, the savings will be
substantially greater [5.2, 5.5, 5.6, 5.8].

He also sat on the NICE guidelines committee for acute chest pain. This recommended the use
of CTCA as the primary second line investigation in patients presenting with acute chest pain
[5.6]. Dr Stephen Harden, Registrar Royal College of Radiologists said. ‘{Roobottom’s] role as
the cardiac CT representative on the NICE guidelines committee for stable chest pain has
helped produce a paradigm change in the investigation of stable chest pain, putting CT as the
first line
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investigation. This will lead to a massive increase in the use of cardiac CT and the UK is leading
the world in this regard. NICE has estimated the change will save millions of pounds per year as
well as reducing risks to patients.” [5.5]
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