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

Instantaneous wave-free ratio (iFR) is a diagnostic tool that was invented and developed by
Imperial College to assess whether a narrowing in a coronary artery is limiting blood flow to
the myocardium. It is used to stratify selection of patients for surgery, stenting or medical
management. It has been shown to reduce procedural time and costs by 10% compared to
the leading alternative (Fractional Flow Reserve) in two large randomised clinical trials. iFR
received FDA approval in 2014, is licensed to Volcano-Philips and used in over 5,000 clinical
cardiac catheter labs in more than 30 countries.

2. Underpinning research (indicative maximum 500 words)

Coronary artery blockages or stenoses limit blood flow to the heart muscle and can cause
angina. Relief of a stenosis by stenting aims to restore vessel patency, improve blood flow
and reduce angina symptoms. However, unless stenoses are flow limiting, they can be safely
left alone without stenting or surgery, reducing patient exposure to unnecessary procedures
and potential complications.

Fractional Flow Reserve (FFR) was the main technique to determine the need for clinical
intervention by measuring the pressure drop across a stenosis. This assesses systolic
pressure under the condition of maximal vessel dilation, which is dependent on administration
of adenosine. The latter adds time to the procedure and often causes significant chest pain.
Instantaneous wave-free ratio (iFR) was developed at Imperial College as alternative
technique.

The idea emerged from a cardiology-bioengineer collaboration and is based on a technique
called wave intensity analysis used in peripheral arterial physiology. Translating it to the
coronary arteries was challenging because of the complex relationship between pressure and
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flow in arteries supplying the myocardium. From 2006 these technical challenges were
overcome (1) and Davies and colleagues at Imperial College conducted a series of studies to
understand the factors influencing coronary flow in human physiology and pathology (2, 3).

During these studies they recognised that there was a period in diastole when there are no
reflected arterial waves influencing flow and realised that if pressure was monitored at this
time point, it would provide a surrogate for flow measurement without needing vasodilation
(negating the need for adenosine). This led to the invention of iFR in 2010 and its development
and validation as a clinical tool in the clinical cardiac catheter labs at Imperial College
Healthcare NHS Trust (ICHT) against the then gold standard FFR (4). The iFR technology
was patented by Imperial Innovations and licenced to Volcano-Philips in 2014.

Davies and colleagues then led an international multicentre randomised controlled trial
(DEFINE-FLAIR; recruiting 2,492 patients) to compare iFR with FFR (5). Patients were
recruited if they had coronary artery disease causing a stenosis of questionable physiological
severity in at least one native artery (typically, an artery with 40 to 70% stenosis of the diameter
on visual assessment). The study randomly assigned patients to undergo iFR or FFR, and
either inserted a stent or not, depending on the measurements. Patients were followed up for
12 months after the procedure. There were no significant differences between the two
techniques in subsequent heart attack or mortality, but procedural time was 10% quicker with
iFR and it was associated with a 90% reduction in adverse procedure events compared to
FFR. These findings were confirmed in an independent study of 2,037 patients by a Swedish
group (iIFR-SWEDEHEART).

A subsequent study has shown that iFR can assess serial stenoses in coronary arteries, which
is an important limitation of FFR (6).
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4. Details of the impact (indicative maximum 750 words)

Coronary heart disease (CHD) is now the leading cause of death worldwide. An estimated
3,800,000 men and 3,400,000 women die each year from CHD. The primary cause of this is
atherosclerosis that reduces blood flow through the coronary arteries to the heart muscle and
can result in angina, heart attack and lead to heart failure and arrhythmias.

The diagnostic workup of patients with angina includes a coronary angiogram to view and
measure blood flow in the major coronary vessels. Flow through coronary artery stenoses is
measured to assess whether patients might benefit from coronary artery bypass grafting or
percutaneous coronary intervention (PCI), usually with coronary stenting. More than
5,000,000 PCls are performed annually worldwide.

It is difficult to differentiate between functionally significant coronary stenosis and a narrowing
that is not substantially affecting blood supply using visual assessment of 2D images from
coronary angiograms. Fractional flow reserve (FFR) and instantaneous wave-free ratio (iFR)
provide a functional assessment of the stenosis by more accurately measuring if there is a
pressure drop across the site of blockage.

Unlike FFR, iFR does not require the use of hyperemic agents such as adenosine. Use of
adenosine can cause severe chest pain and is contraindicated in asthmatics as it can cause
bronchospasm. Eliminating the need for adenosine means that iFR can be performed more
quickly than FFR, since a pressure wire can be advanced instantly during the procedure
without waiting for the drug to be injected, and it is more comfortable for patients, as there is
no flushing. The iIFR SWEDEHEART trial reported that with no hyperemic agent, a 95.7%
reduction in patient discomfort could be achieved using an iFR guided strategy [A]. iFR is also
more a cost-effective treatment, with a 10% cost reduction and 25% reduction in hospital
readmissions [A]. The 10% reduction in cost compared to FFR is a saving of approximately
$900 per patient [B].

The iFR technology created by Dr Davies and colleagues at Imperial was patented in 2010
and subsequently licensed to Volcano (a developer and manufacturer of precision guided
therapy tools). It was CE marked and received FDA clearance in 2014 [C]. It is now used in
over 5,000 catheter labs around the world [D].

iFR is recommended in all the major cardiology guidelines, including the 2018 European
Society of Cardiology (ESC) and European Association of Cardio-Thoracic Surgery (EACTS)
guidelines [E] in which it is included as a Class IA recommendation “... iwFR are
recommended to assess the haemodynamic relevance of intermediate-grade stenosis” [E]. In
the worldwide 2017 ACC/AHA/SCAI guidelines (which include the Appropriate Use Criteria)
iFRis included as a measurement tool (described as physiological pressure measurement not
requiring hyperemia) [F].
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