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Dear reader,

We are proud to present the first edition of the Fluidda Magazine
on FRI technology.

Interview with:
Dr. Jan De Backer

Imaging has played an increasingly important role in the diagnosis
Prof. Dr. Wilfried De Backer ging has play gly imp g

and treatment of pulmonary disease in recent years. Unlike
traditional measures of lung health, imaging provides important
regional information about the condition of the lung. The

The need to measure sensitivity of imaging endpoints has facilitated smaller, shorter
Interview with: clinical trials. Meanwhile, advances in CT technology have allowed
Prof. dr. David Langton for high resolution scans with progressively lower radiation

exposures, removing yet another barrier to widespread use.

Functional Respiratory Imaging (FRI) technology, developed in

house by Fluidda, combines quantitative analysis of CT scans with

the techniques of computational fluid dynamics(CFD)to provide
FRI adds an importunt unique insight into both the structure and the function of a

dimension to conventional patients lungs.
imaging techniques
Interview with:

Dr. Muhunthan Thillai

With FRI, clinical research into new drugs and treatment methods
can often be performed faster, more cost-effectively, and with
fewer patients in all stages of development.

Recently, FRItechnology has provided important data in the fight
against COVID-19, leading to a number of publications in high-im-
pactjournals.

With the recent FDA approval of FRI as a medical device for use in
clinical practice, FRI can now be used by HCPs in clinical to assist
in diagnostics, treatment selection, and patient monitoring.

In thisissue of Fluidda Magazine, a number of users of FRI
technology explain what its added value has been for their
research, and Fluidda founders Prof. Wilfried and Dr Jan De

FRI Publications - Pa pers Backer explain what drove them to develop this technology.

We hope these interviews will provide you with inspiration for your
future projects, and wish you happy reading!

Interview with:
Dr. Firdaus Mohamed Hoesein
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International Marketing Manager
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PROF. DR. WILFRIED DE BACKER
EXECUTIVE CHAIR BOD FLUIDDA

Wilfried De Backer has built his academic career at the University of Antwerp

where he finished his affiliation as full professor of Respiratory Medicine in 2017.

He obtained his PhD in 1988 with a thesis on the Chemical Regulation of
Breathing in men. Starting from this basis, he mainly studied the pathogenesis
of sleep related breathing disorders. The focus of his research has always been
on pathophysiology of respiratory disease. In the same spirit he encouraged the
development of a new functional respiratory imaging technique FRI, that helps
to understand the functional behaviour of the upper and lower airways. Pheno-
typing of patients with FRI belongs to his ongoing clinical research topics.
Related to his clinical and research interests, he founded within the European
Respiratory Society (ERS) the scientific group on Sleep as part of the Clinical
Physiology Assembly. Later, as chair of the Assembly, he reoriented the
Assembly with respect for its pathophysiological origin towards several new
domains including functional imaging and pulmonary vascular diseases. He
published over 250 peer reviewed papers, (H Index of 44). At present his clinical
focus is on patients with respiratory insufficiency that are seen in the frame-
work of pulmonary rehabilitation.

JAN DE BACKER, PHD, MBA
CEO FLUIDDA

Jan De Backer graduated from Delft University
of Technology, The Netherlands as aerospace
engineer. He attained an MSc degree in
aerodynamics and specialized in applied
biomedical computational fluid dynamics
leading to a PhD from the University of
Antwerp, Belgium. He is an alumnus of the MBA
programs at London Business School, London
and Columbia Business School, New York. Dr.
De Backer has received several awards for his
innovative research in the field of airway
modeling in respiratory and sleep medicine.
His work has been published in international
journals. Dr. De Backer founded FLUIDDA in
2005 and he has held the position of Chief
Executive Officer since 2007.

‘COVID-19 has made the demand for innovative diagnostic
techniques greater than ever. We are having difficulty bringing the
pandemic under control, partly because the tools we use to
detect and treat the disease are not sufficiently responsive to the
situation. Hence there is a substantial need for innovation in the
respiratory field’, says Dr Jan De Backer, CEQ of Fluidda. De
Backer developed Functional Respiratory Imaging (FRI)in
collaboration with his father, Dr Wilfried De Backer, Emeritus
Professor of Respiratory Medicine at the University of Antwerp.
FRI shows the anatomy of the airways and blood vessels in the
lungs and the flow of air through them at millimetre-level
resolution.

Aradiologist will examine a CT scan of the lungs purely by eye and
then describe it, with the result that only larger abnormalities and
abnormal patterns are detected. ‘It is very difficult even for a
practised eye to see small abnormalities or create a three-dimen-
sional reconstruction of the lungs in the mind's eye. With our
technique we can do that’, continues Jan De Backer.

‘FRIis a quantitative technique that produces a 3D map of all the
clinically relevant structures in the lungs, such as the alveoli,
blood vessels and lung volume, using images from a standard CT

FLUIDDA\{

Respiratory solutions
for better patient care

scanner’, says Jan De Backer. FRI even shows small abnormalities.
The technique developed by the De Backers is able to show
diffuse disease-related changes at very high resolution and
monitor the changes over time. FRI thus enhances a radiologist’s
performance, and outperforms spirometry, which at present is
still the gold standard for analysing lung function.

FRIanalysis starts with two CT scans, the first after deep
inspiration and the second after normal expiration. The patient
uses a mouthpiece that records his or her breathing to enable the
scans to be timed correctly. After that, the work of the hospital
and the patient is done. The two scans are sent to Fluidda in the
Belgian village of Kontich, only walking distance from the
university hospital in Antwerp. Jan De Backer: ‘Our systems are
based on machine learning and artificial intelligence. Every CT
scan that we analyse improves our algorithms. We analyse and
model the images using computational fluid dynamics, a flow
simulation system that has its origins in the aerospace industry.
That yields a three-dimensional image of the lungs, showing the
flow of air and revealing areas of increased air resistance or
places where inhaled particles have been deposited.’

Jan De Backer gives an example of just how sensitive the
technique is. ‘Pulmonary hypertension can be due to constriction
of the smallest blood vessels in the lungs. This causes the blood to
accumulate in the feeder blood vessels, which expand slightly. We
can see the expansion even in blood vessels with a diameter of
only one millimetre. That makes FRI a very patient-friendly option
for diagnosing and monitoring pulmonary hypertension, which at
present is done using invasive pressure measurement in the
pulmonary artery.’ Using FRI, scientists have discovered that
thrombosis in small blood vessels plays a major role in severe
COVID-19. The finding made using FRI has now been confirmed by
autopsies(see the interview with Muhunthan Thillai).

Like the field of computational fluid dynamics(CFD), Jan de
Backer also comes from a background in aerospace. De Backer
first encountered CFD while studying aerospace engineering at
Delft University of Technology in the Netherlands. It was his
father, Wilfried De Backer, who then hit on the idea of using the
technique to model the flow of air through the lungs. The big
challenge for the Fluidda researchers was to adapt the computer
technology to use lung data - after all, alung is rather different
from the smooth surface of an aircraft. Jan De Backer: ‘A lung

- especially a diseased lung - has an irregular structure. You need
to set the right boundary conditions to map flow in the lungs using
computational fluid dynamics. We managed to obtain those
boundary conditions directly from the CT scans, so that each
measurement is individual.’ Wilfried De Backer adds: ‘FRI yields an
accurate, personal representation of the anatomy of the airways
and blood vessels in the lungs and the flow of air through them, so
it is not based on a general model.’
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The motivation for developing FRI was EUROSCOPE (European
Respiratory Society Study on Chronic Obstructive Pulmonary
Disease), a study conducted in the 1990s to explore the effects of
inhaled corticosteroids on COPD. Wilfried De Backer: ‘In order to
reach a worthwhile conclusion, we had to monitor 1,200 patients
over three years. Although the study produced significant results,
it gave rise to lengthy discussions among respiratory physicians
on the value of inhaled corticosteroids for treating COPD. The
EUROSCOPE study set me thinking about an alternative to
spirometry. My son Jan then told me about computational fluid
dynamics, and | thought we could obtain the requisite information
from CT scans. We started developing FRI in 2005, and thanks to
huge progress in computer technology and artificial intelligence
we've managed to develop a technique that works well.’

At present, GPs and respiratory physicians diagnose lung diseases
based on symptoms, blood tests, and usually spirometry. Jan De
Backer: The treatment for most pulmonary diseases is the same
for a substantial majority of patients, who are given medication
via aninhaler, for instance. Spirometry is then used to check
whether their lung function has improved. Spirometry is the gold
standard, but it only gives a general idea of lung function, whereas
FRI gives a detailed, personalised picture.’ Pulmonologist Wilfried
De Backer adds: ‘Take people with end-stage COPD, for example:
they all have an FEV1of 25%, but they're not all the same. If you
treat a patient based on that one FEV1value, the treatment is not
really targeted, as you have no information on the pathophysiology
inthe lungs. FRI provides pathophysiological information on such
things as blood vessels, pulmonary hypertension and the sites of
resistance in the distal alveoli.’

The FDA approved Functional Respiratory Imaging as a diagnostic
tool, under the name of Broncholab, in 2020. Jan De Backer: ‘We
expect to receive European approval in the first quarter of 2021. It
is not Fluidda's aim to test all patients using FRI immediately. Most
patients respond well to the treatment they receive from their GP
or respiratory physician, and for them spirometry is adequate to
analyse their lung function. We are focusing initially on patients
whose treatment options have currently been exhausted: the
question is whether the respiratory physician can find out, using
FRI, whether there are reasons for the failure of their treatment.
FRIalso lends itself to predicting clinical outcomes. In COVID-19,
for instance, we find that vascular problems in the lungs detected
using FRI are predictive of a poorer clinical outcome. The
physician can then opt for more aggressive treatment, based on
the FRIinformation.’

Wilfried De Backer goes on: ‘With FRI we can see sooner whether
treatment goals are being met. At present it can take a year for
treatment using biologics to produce an improvement in the FEV1
in patients with pulmonary disease. With FRI we can see after only
one or two months whether there are improvements in geometry
and/or function that spirometry does not detect. This has the
advantage that we can review expensive treatments quickly and
discontinue them if necessary, thus avoiding unnecessary
adverse effects on patients and saving on the high cost of
biologics.’

As for the cost savings from FRI, Jan De Backer says: ‘Cardiac
catheterisation to diagnose pulmonary hypertension costs
between five and twenty thousand dollars in the USA. An FRI scan
costs only a few hundred dollars. COPD exacerbations in the USA
cost over ten billion dollars a year. We know that a substantial
proportion of those people are struggling with a treatable but
undiagnosed vascular problem in the lungs. With FRI it can be
diagnosed. If the treatment prevents 10% of exacerbations, that
already yields a billion dollars in savings.’

FRIis proving its value not only in patient care but also in pharma-
ceutical research. Wilfried De Backer's personal experience again
comes into play: ‘As a member of the European Medicines Agency,
I noticed that a lot of products were failing to be approved
because there was insufficient evidence of their efficacy based
on spirometry, while there was indirect evident that they worked.
There was huge frustration about the fact that we were missing a
lot of innovations because there were no good quantitative
endpoints for clinical trials. There was an intensive search going
on for markers of that kind, for example biomarkers in the blood,
but those markers suffer from huge variability. If you want to
reach a clinically relevant conclusion about a particular patient,
such variable markers will not do. FRI solves the problem, as we
show the individual patient’s anatomy as it really is. We have never
seen any significant variability unrelated to the disease or the
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effect of medication in our studies. So FRI provides stable
parameters for clinical trials.’

Arecent example of the success of FRIin clinical research is from
the Dutch respiratory physician Maarten van den Berge (see the
interview with him). Wilfried De Backer: ‘The contrast between
Van den Berge's study and EUROSCOPE could not be greater.
Whereas EUROSCOPE needed three years and 1,200 patients to
show a significant difference, Van den Berge achieved that in one
month with just 23 patients.’ Jan De Backer: The study looked at
the difference between LABA/LAMA and LABA/LAMA plus
inhaled corticosteroids for people with COPD. Thanks to FRI, Dr
Van den Berge was able to show convincingly that adding inhaled
corticosteroids works significantly better than treating them
solely with LABA/LAMA. He also showed where in the lungs the
drugs act and what differences there are between patientsin
which the treatment does and does not work well. Spirometry did
not yield any significant results in that study, given the small
number of patients involved.’

FRI was behind the development of small-particle inhalers that
send the particles deeper into the lungs. Jan De Backer: ‘Starting
in 2005, we carried out ten to fifteen studies resulting in the
approval of drugs using those small particles.’ Several completed
and current Phase 1-4 clinical trials of drugs for pulmonary
disease thus owe their success (or potential future success)to the
Fluidda technique.

Researchers are increasingly embracing Functional Respiratory
Imaging for clinical trials into new drugs for pulmonary disease.
Broncholab is currently being introduced for the routine diagnosis
of patients with pulmonary disease in American hospitals, and
Europe will probably follow in 2021. As soon as doctors start
making widespread use of FRI, the days of non-specific diagnosis
using spirometry will be over. FRI is able to map each patient’s
disease at millimetre-level resolution and monitor the effects of
treatment, thus making the prospect of a new scientific and
diagnostic gold standard a real possibility.

‘It's all coming together now’, concludes Jan De Backer. ‘In recent
years the radiation exposure from CT scans has decreased
substantially, treatments have become more and more expensive
and the possibilities of data analysis have improved to unprece-
dented levels. Furthermore, a pandemic is showing the world that
we need innovations in pulmonary medicine. The introduction of
FRI as a diagnostic technique has come at just the right time.’
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DAVID LANGTON

David Langton studied Medicine at Monash University in
Melbourne. After graduation he completed the Royal
Australasian College of Physician examinations and
specialized in Intensive Care and Respiratory Medicine. He
founded the ICU and Respiratory Units at Peninsula Health
in Melbourne and later received an Order of Australia Medal
for services to the community. In 2016 he completed a
Master of Public Health, and more recently a PhD, studying
the impact of bronchial thermoplasty in asthma. David
Langton has extensive research experience in clinical trials
and novel medications, particularly in the field of asthma.

8 issue 1-2021

INTERVIEW

Author: Daniel Dresden

The need
to measure

‘My first substantial encounter with quantitative CT imaging
has opened my eyes to what can be done’, says David Langton,
thoracic physician and associate professor at Monash
University, Melbourne (Australia), speaking about the need to
measure disease activity in patients with diverse airway
diseases. ‘At the moment, quantitative CT imaging is predomi-
nantly used in the research domain, but it is progressively
moving to routine clinical practice. Quantitative CT imaging is
clearly going to be the future.’

There is a saying: what gets measured, gets managed. This, of
course, assumes management is possible. ‘In the past, that
measurement didn't make a lot of difference, because the
treatments were the same anyway’, says David Langton. ‘Because
of the introduction of new treatments, it in fact is important to
differentiate within the spectrum of patients.” With more
advanced interventions becoming available, physicians treating
respiratory disease have found themselves in need of new, more
sensitive forms of measurement.

SHORTCOMINGS OF FEV1

David Langton first encountered quantitative CT imaging while
performing clinical research on asthma patients. ‘We were trying
to resolve the clinical paradox of why patients felt better after
bronchial thermoplasty, which was clearly established in regis-
tries and clinical trials, when there didn't seem to be any
improvement in FEV1. Either the patients were wrong, and they
weren't any better at all, or alternatively the FEV1was not
detecting some other improvement that was happening.’

Although FEV1is still considered the gold standard for the
functional assessment of airway diseases, it does not give an
accurate picture of local pathophysiology. ‘We had worked out
that the FEV1only tests resistance in the large airways, but
doesn't give us information what is happening in the small
airways’, David Langton added. ‘Fittingly, the small airways are
often called the silent zone of the lung. We thought that maybe
something is happening there that is making the patient feel
better, butitis not being detected by the FEV1.' It has long been

INTERVIEW

clear that there is an unmet need for additional sensitive outcome
parameters.

FIRST ENCOUNTER WITH QUANTITATIVE CT IMAGING

Functional respiratory imaging (FRI) provides regional information
about the lung and allows for the measurement of changes at the
level of the lobes and airways. Additionally, it offers the ability to
describe how particles move through the airways, including
accurate measurements of the regional deposition of inhaled
drugsin the lungs.

That is why David Langton and colleagues embraced FRI. ‘Using
FRI, we were able to measure the volume of the smaller treated
airways compared with the untreated airways, before and after
bronchial thermoplasty. We were able to clearly show that the
volume of the airways increased after the intervention. Now, when
I look back, what we learned seemed obvious, which is good,
because it makes it right. It wasn't obvious a couple of years ago.
In the latest data, we treated the untreated lung and re-imaged
again, so we had three time points. We were very happy with the
reliability and repeatability of the measurements. For example, we
obtained the same results over time in untreated portions of the
lung when reimaged.’

MARRY THE INFORMATION

David Langton went on to describe the next step in this develop-
ment process: ‘We were able to marry the information we
obtained from the quantitative CT scanning with more complex
physiological measurements, to be able to prove that they were
showing the same thing. Therefore, we had more than one
technique, demonstrating that what we were finding, was
correct.’

In performing these studies, David Langton found Fluidda, the
company which developed FRI, ‘a good company to work with.
They were early responsive to our research questions and helping
us to answer them. The reporting platform that they use, called
broncholab, is very handy, clear, useful, and quickly allows you to
compare multiple determinations for the same patient. So, they
have got a good platform.’

APPLICATIONS IN CHRONIC OBSTRUCTIVE AIRWAY DISEASES

Quantitative CT imaging has predominately been used in a clinical
research setting. Its use is progressively moving to include routine
clinical practice. 'We are now rolling it out into daily clinical
practice, for example in bronchial thermoplasty patients’, David
Langton said. This technique is so refined that we can now say:
for every patient that we treat, we can determine if he or she has a
benefit by comparing the CT scans before and after treatment.
So, we have now a reliable tool for routine clinical practice that we
can use in every case. At the same time, we are building our case
numbers, so that we can learn more and answer other clinical
questions in relation to asthma and bronchial thermoplasty.’
David Langton thinks the technique would find application routine
clinical practice in other ways as well. ‘For example, there is now a
whole raft of monoclonal antibodies that we use for the treatment
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There is a lot of
interest in the world
in interstitial lung
diseases, like
pulmonary fibrosis.
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of patients with asthma. It would be very interesting to look at
what is happening in the airways before and after treatment. | bet
the same thing is happening compared with bronchial thermo-
plasty.’

FURTHER APPLICATIONS: FIBROSIS AND POST-COVID

It is likely that there will be other applications of this sort of
technology as well. ‘We have focused on chronic obstructive
airway disease, but obviously there is a lot of interest in the world
ininterstitial lung diseases, like pulmonary fibrosis’, David
Langton told. 'We know that these patients deteriorate, but the
guestion is how to monitor them. We currently monitor them by
asking how they feel and looking at their lung function. We
perform serial CT scans, but we just visually decide whether they
look the same or a little bit worse. Now, we are clearly possible to
quantitative measure that could be used. The same applies for
lung transplant patients.’

Another possible application of quantitative imaging, which David

X
A
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Langton finds interesting, is the potential use in post-COVID
patients to monitor fibrosis and other lung lesions. ‘We haven't
looked at it, | do not think that anybody will have looked at it. It
could be very interesting.’

LIVE HAPPIER AND HOPEFULLY LONGER

For personalized treatment, there is a need for improved
understanding of disease pathophysiology and recognition of
disease heterogeneity and complexity. According to David
Langton, FRIis very useful in meeting this challenge. The ultimate
goal is that with the guidance of quantitative imaging treatments
can become more individualized, so that patients will live happier
and hopefully longer. David Langton thinks that quantitative
imaging has the potential to accomplish this goal.

INTERVIEW

MUHUNTHAN THILLAI

Muhunthan Thillai (BA PhD MBBS MRCP) graduated from St
Mary's Medical School in 2002. He began his training as a
junior doctor in London and Oxford, where he gained
membership of the Royal College of Physicians. He was
then appointed as the Infectious Diseases Fellow on the
Map of Medicine project at NHS Connecting for Health.
Three years of research into sarcoidosis culminated in a
PhD in Immunology and Proteomics from Imperial College
London in 2012.

Dr. Thillai continued his medical training at Papworth and
Addenbrooke’s Hospital. He subsequently completed an
observership in sarcoidosis at the Cleveland Center (USA),
before being appointed as a Consultant within the Papworth
Interstitial Lung Diseases Unit with a specific interest in
sarcoidosis in 2015. He continues to attend a regular
outpatient clinic at Addenbrooke’s Hospital and maintains
ongoing research links with Imperial College London.

Dr. Thillai is the co-founder and CEO of Qur8 (www.qureight.
com), an imaging platform for analyzing large clinical data
sets using FRI, among other techniques. Qur8's main focus
is on respiratory medicine; its primary goal is to analyze
clinical trial data in innovative ways.
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FRI adds an
important
dimension to
conventional
iImaging
techniques

There are two reasons why Dr. Muhunthan Thillai is highly
interested in functional respiratory imaging (FRI) and uses it
in his research. First, because he is a pulmonologist speciali-
zing in pulmonary fibrosis; and secondly, because he is the
co-founder and CEO of Qur8, an imaging platform where FRI is
a helpful tool for analyzing large clinical sets of data. He
details two very recent studies - of fibrosis and of COVID-19
patients - in which FRI has played a pivotal role.

Dr. Thillai emphasizes the added value of FRI compared with more
conventional techniques measuring lung function and volume.
‘FRI can by no means replace those techniques; what it does is
add an important dimension. FRI allows you to quantify disease
level over a period of time to demonstrate whether the disease is
improving, stabilizing or deteriorating. As FRI is based on an
image at a set point in time, there is less variability than with
conventional measures. In addition, FRI can quantify large
amounts of volume data that lung function testing cannot.’ FRI
offers improved visualization of airways, blood vessels and other
anatomical structures. It provides detailed information not only
about lung and lobar volume, but also on airway resistance,
internal airflow distribution, aerosol deposition, nodule volume,
and many other variables.

issue1-20211
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FRI was found to be
a safe, robust
mechanism for
assessing airway
volume.

FRI IDENTIFIES IPF PROGRESSION

One of the fields of research where Dr. Thillai uses FRI is idiopa-
thic pulmonary fibrosis (IPF). Options for determining the disease
course in patients with IPF are limited. A recent study Dr. Thillai
was involved in hypothesized that FRI could identify patients with
more progressive IPF between two CT time points.[1] Two
separate cohorts of IPF patients were identified: 12 patients with
stable IPF and 12 patients with progressive disease. FRI was found
to be a safe, robust mechanism for assessing airway volume.
Thillai explains: ‘It was shown for the very first time that specific
airway volume (siV_ ) can be used to help identify IPF patients with
progressive disease. Obviously, we need to do a lot more research,
but we have shown that airway volumes increase in progressing
patients, whereas they do not change in stable patients. This
seems to be a useful additional piece of information; measuring
siV_, is by no means meant to replace existing assessment tools.’
Dr. Thillai explains that this information can be used to monitor
disease course; to help determine which patients are progressing
and may therefore be candidates for certain treatments; and to
help evaluate the effectiveness of any of these therapies. As
some of the available drugs are very expensive, they are reserved
for patients who get worse. However, when patients are relatively
well, it may be difficult to establish whether they are deteriora-
ting. Serial FRI measurements could be sufficiently sensitive to
show that patients are progressing microscopically.’

HYPOXEMIA IN COVID-19 PATIENTS

In 2020, Dr. Thillai has also been involved in COVID-19-related
studies. One of these studies, he explains, originated from the
observation that some patients with COVID-19 have relatively
normal lung capacity and lung function, but they still have
significant hypoxemia different from typical acute respiratory
distress syndrome (ARDS). ‘We hypothesized that insufficient
blood supply was contributing to the low levels of oxygen in these
patients.[2]We used FRI to calculate pulmonary blood volume.’
FRI was performed on CT scans from intubated patients with
COVID-19(n=10)and compared with data from matched intubated
ARDS patients(n =7)and a retrospective group of healthy controls
(n=107). Volumes of blood were computed from the cross-sectio-
nal area of each vessel: <6 mm? was defined as small. Dr. Thillai
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notes: FRI allowed us to observe differences in blood volume
distribution between the three groups. The small blood vessels in
the lungs were highly constricted in COVID-19 patients, but notin
the other two groups. That may explain the hypoxemia in these
patients.’

Dr. Thillai and his group gathered additional lung CT scans that
allow for longitudinal analysis of the lung blood vessels, which they
are now performing. 'We want to know if changes in the lung
vessels correlate with the clinical condition of patients over time:
if they recover, do the blood vessels in the lungs also return to
normal? Thillai speculates that the increased vascular resistance
observed may be caused either by vasoconstriction of distal
pulmonary arteries or by the presence of numerous micro-
thrombi.

Apart from helping to gain insight into the mechanisms of
COVID-19, the results of this study may have various clinical
implications. They confirm that high positive end-expiratory
pressure (PEEP)alone is not enough to oxygenate these patients.
‘If microthrombi play a causative role, perhaps stronger anticoa-
gulation should be given; if vasoconstriction is the main cause,
the use of pulmonary vasodilators should perhaps be considered.
These issues should be addressed in future research.’

NUMEROUS APPLICATIONS

Imaging techniques will gain in importance in lung diseases, Dr.
Thillai expects. ‘Since both the radiation dose and the cost have
come down, CT scans will play an even bigger role in lung imaging.
FRI provides valuable additional information to assist the
radiologist, the pathologist, the pulmonologist. The applications
are manifold: diagnostics, clinical trials, personalized medicine, et
cetera. With personalized medicine on the rise, FRI data can help
physicians determine if a treatment is effective in trials and
continues to be so afterwards. Everybody gains: patients, physici-
ans and society at large, because expensive drugs can be
confined to those patients in which they really work.’
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FIRDAUS MOHAMED HOESEIN

Firdaus Mohamed Hoesein studied medicine at Utrecht
University the Netherlands. After obtaining his medical
degree he performed research at the Department of
Respiratory Medicine at the University Medical Center
Utrecht (UMCU)in the Netherlands focussing on the role
of quantitative CT imaging of the lungs. This resulted in a
PhD in Respiratory Medicine in 2012. Dr. Mohamed
Hoesein did a Radiology residency at the Department of
Radiology of the UMCU and is a board-certified radiolo-
gist since 2017. He did a 1-year fellow-ship in thoracic
imaging and has been working as a consultant thoracic
radiologist at the UMCU since 2018. Dr. Mohamed
Hoesein received several awards for his research on
quantitative imaging in lung disease.

Author: Daniel Dresden

Quantitative imaging uses a computer algorithm to indicate
numerically how much disease activity there is. ‘That is a major
gain compared to the way we radiologists currently operate’,
thinks Mohamed Hoesein.

At present, scans are assessed visually, i.e. qualitatively, which
makes it difficult to determine the quantity, i.e. the extent of the
disease. 'We look at a scan and say, for example, there is a little bit
of emphysema’, as the Utrecht radiologist describes the current
approach. ‘Also, radiologists are unable to detect some subtle
abnormalities that a computer can detect. And how those
abnormalities are classified can differ from one radiologist to
another. One problemis that, when a fellow radiologist looks at
the same scan, it is difficult to compare the results if we only
consider qualitative measures, and that is true of follow-ups too.
Itis difficult for a human to detect a minor increase in emphyse-
ma, there is no yardstick for that. There is therefore a need for
measurement, in addition to the work of the radiologist.

Quantitative imaging, e.g. Functional Respiratory Imaging (FRI,
see www.fluidda.com)is able to show various aspects of airway
problems, such as airway resistance, air trapping and ventilation

mapping.

Alimitation of the lung function test is that it gives a value for the
lung as a whole. The first limitation of spirometry that Mohamed
Hoesein points out is that it is not clear where the problem lies, in
the left or right lung, the upper or lower lobe’. ‘On the CT scan you
can see where the problem lies, for example in the left lower lobe,
or conversely spread equally over the lobes. Another problem with
the lung function test is that the results depend on whether
patients do their best.’

If only a small proportion of the lungs is affected and the other
parts are still functioning normally, a lung function test will often
not detect the disease activity, as the lung function is still normal
on average. 'In cases of COPD, for instance, we know that patients
can have air trapping, emphysema and airway wall disease while
their FEV1is still normal. We can see those abnormalitiesona CT
scan. Quantitative imaging is definitely useful if the abnormality is
not clear visually and the lung function is still normal.”Mohamed
Hoesein consequently expects that quantitative imaging will be
able to play a role especially during early disease stages and in
prognosis.

Clinical drug trials often look at the effects on lung function, but if

that improves only slightly, it is difficult to show major differences.

The abnormalities will differ significantly on the scan, however,
says Mohamed Hoesein. If we can measure that, it will benefit
drugresearch.’
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In their own research into quantitative imaging, Mohamed
Hoesein and his colleagues found that some people with normal
lung function already had emphysema. Lung function deteriora-
ted more rapidly in patients already showing emphysema than in
those with no emphysema and the same lung function. Over a
longer follow-up period the dimensions on the CT scan have been
found to be predictive.

There is agood deal of interest currently in the radiological
abnormalities found in COVID-19 patients. The long-term effects
of COVID-19 in patients who have been admitted to hospital with
that infection are being surveyed in a nationwide research
program, known as Precision Medicine for more Oxygen (P402).[1]
Mohamed Hoesein is the program’s Principal Investigator
responsible for the Imaging part of the program. ‘We are using FRI
to predict at an early stage which patients will deteriorate rapidly
and who will have residual damage.’

The researchers are looking at the role played by the pulmonary
blood vessels in COVID-19 patients, for instance. ‘It would be
interesting to find out whether the lung vasculature is different in
patients with residual damage’, notes Mohamed Hoesein. The
blood vessel volume can be ascertained using FRI. The idea is that
the blood vessel volume will be different in patients with severe
COoVID-19.121]

In Mohamed Hoesein's opinion, quantitative imaging is useful in all
lung diseases, but it could play a major role particularly in the
long-term follow-up of patients with a chronic illness such as
COPD, bronchiolitis obliterans, cystic fibrosis (CF), chronic
respiratory tract infections or patients who have previously had a
lung transplant. It is important to identify the long-term effects.
Quantitative imaging could also play a role in patients who cannot
do alung function test, for instance because of COVID-19, as the
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test entails anincreased risk of transmitting SARS-CoV-2. In
those cases we cando a CT scan.’

Quantitative imaging has added value in patients with CF, as their
lung function has already deteriorated a priori. An improvement of
only a few percent in a patient with poor lung function is difficult
to measure using a normal CT scan. ‘Those patients may be
recovering well clinically, despite having substantial abnormalities
on the scan’, says the Utrecht radiologist. If we can identify those
abnormalities on the scan, we can measure the disease activity
better than with a lung function test.’

We are living in a period of personalized health care technology,
such as smart watches that can analyze heart rhythms in real
time. In the future, Mohamed Hoesein expects that patients will
want to receive the data from their CT scans. They will then have
avalue that tells them what their lungs are like, in other words
what proportion of the lungs is functioning properly and what
proportion is affected. The CT scan provides a snapshot of the

COvVID-19

lungs at that time, in other words truly personalized medicine. We
will want to have it quantified, although that will take a while yet.’
Currently, respiratory physicians check lung function every six
months, for example, and plot any decrease or increase on a
graph. The time will come when we can do that with these CT
values, with patients being monitored over time. 'We can act
quickly if there is any acute deterioration.’

In the short term, Mohamed Hoesein expects that quantitative
imaging will have a place mainly in clinical research, but in the long
term, it may also have a place in the daily practice. ‘It will be
comparable to lab results. In future, we shall have various values
from the CT scan, such as the degree of emphysema and the
airway wall thickness. It may also be possible to measure the
cardiac calcium score. Body composition, for example the
amount of fat and muscle mass, may also be able to be determin-
ed from the CT scan. In future, respiratory physicians may be able
to use that to decide whether or not to initiate and continue a
treatment.’

1. COVID extension of P402 https://p402.org/work-packages/
covid-extension-of-p402.

2. Thillai M, Patvardhan C, Swietlik EM, et al. Functional
respiratory imaging identifies redistribution of pulmonary
blood flow in patients with COVID-19. Thorax.
2020;thoraxjnl-2020-215395.
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