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ABSTRACT

Introduction Physiological signals are essential for
assessing human health. The absence of a medical
device to carry out these measurements remotely is

one of the main limitations of telemedicine. Remote
photoplethysmography imaging (rPPG) makes it possible to
use a camera video to measure some of the most valuable
physiological variables: heart rate (HR), respiratory rate
(RR) and oxygen saturation (Sp0,). Our objective was

to evaluate the value of such remote measurements
compared with existing contact point measurements
techniques in real-life clinical settings.

Methods and analysis Prospective hospital-based study
that will recruit 1045 patients who require a pulmonary
function test. For each patient, measurements of HR, RR
and Sp0,, using a standard acquisition system, will be
carried out concomitantly with the measurements made
by the rPPG system. 30, 60 and 120's time frames will

be used to take measurements. Age, gender and skin
phototype will also be collected. The intraclass coefficient
correlation will be performed to determine the accuracy
and precision of the rPPG algorithm readings.

Ethics and dissemination The study protocol has been
approved by the French Agency for the Safety of Health
Products (ANSM registration no. ID RCB 2020-A02428-
31) and by a French ethics committee (CPP OUEST
I-TOURS-2020T1-30 DM at 30 October 2020). Results
will be published in peer-reviewed journals, at scientific
conferences and through press releases.

Trial registration number NCT04660318.

INTRODUCTION

Monitoring physiological variables, such
as heart rate (HR), respiratory rate (RR)
and oxygen saturation (SpO,), are crucial
for assessing human health. Technological
improvements in engineering have enabled
the growth of modern bioinstrumentation
technology solutions that have made non-
invasive clinical physiological monitoring

Strengths and limitations of this study

» The study assesses a remote photoplethysmogra-
phy imaging system in clinical practice.

» Inclusion of a large population (more than 1000 pa-
tients) of different ages, gender and skin phototype
requiring outpatient care.

» The use of a metrology system (standard acquisition
system) as a control measure.

» A limitation of the remote photoplethysmography
imaging system is the need to have a quiet position
for patient.

systems available at relatively low cost.'
Currently, commonly used systems are based
on electrodes in direct contact with the
subject’s skin and are themselves connected
to an acquisition station for signal collection
and analysis.”

Advances in medicine have introduced a
need to perform analyses as close as possible
to the patient’s environment. Indeed, conven-
tional methods are poorly adapted to outpa-
tient monitoring. Although wireless methods
using electrodes exist, they are sources of a
range of artefacts and are sometimes uncom-
fortable, especially when exercise needs to
be assessed, making them barely applicable
in current and reallife practices.' In addi-
tion, the installation and removal of these
systems constrain (or force) the patient to
travel from home, which can be perceived as
time-consuming.

Introduced in 1930, photoplethysmog-
raphy techniques raised the possibility of
measuring SpO2 and HR using the absorp-
tion of light by the blood to define these
signals.” In recent years, a new approach to
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Table 1
Inclusion criteria

Inclusion and exclusion criteria

Exclusion criteria

Patients with stable clinical
status

Pregnant women or women of
childbearing potential without
effective contraception

Patients requiring
pulmonary function testing

Age >18 years

photoplethysmography to measure physiological vari-
ables without contact has been developed.’ This tech-
nique, called remote photoplethysmography imaging
(rPPG), uses the different red—green—blue colour spectra
of facial skin tissue captured by a camera video to deter-
mine a plethysmography signal.”" Verkruysse et al also
highlighted the feasibility of using a natural or artificial
light source to perform measurements via rPPG.” First
analysed to evaluate HR with an excellent correlation
with intraclass correlation coefficient (ICC) of 0.90, they
have more recently also been able to identify RR.'* '

Although these systems have been technically vali-
dated, they have not been clinically evaluated in routine
health settings. This clinical trial aims to assess parameter
measurements by rPPG compared with a standard acqui-
sition system in real-life conditions.

METHODS

Design and study population

This is an interventional, prospective, hospital-based
study from a French hospital (University Hospital of
Nancy). We will include 1045 adult patients managed in
the Respiratory Function Exploration and Sports Medi-
cine Department who require a pulmonary function test.

Video camera

Finger pulse
sensor

Reference system

3

The patient selection criteria were defined to include
stable outpatients and inpatients. Patients in intensive
care or generally unstable are excluded Main inclusion
and exclusion criteria are summarised in table 1.

Protocol: research progress

The study is to be initiated from January 2021 with an
anticipated end for subject recruitment in July 2022.
Study completion is scheduled for December 2022

Following validation of the inclusion criteria, all
selected patients will be informed by investigator about
the study and will provide written consent to participate
(table 1). Patients underwent a specific physical examina-
tion to collect gender, age, body mass index, Fitzpatrick
phototype, patient history, resting HR, RR."”

Following the pulmonary lung function assessment
and a period of more than 10min of rest, patients will
be equipped with standard acquisition systems. Then they
will be seated on a chair, at rest in a comfortable and quiet
position, in front of a computer using a webcam and
rPPG system. HR, RR and SpO, measurements using the
rPPG system and the standard acquisition system will be
performed on the same time basis. (figure 1). Readings
and recording will be realised for different time frames:
30, 60 and 120s. The duration of the patient’s participa-
tion in the study is estimated at 15 min for all recordings.

Medical device

All the capture systems are synchronised from a single
monitor to allow an assessment of the concordance of
physiological variables across a common time base. The
reference device is a set of approved and validated sensors
to feed an analog-to-digital converter (PowerLab Acqui-
sition Station, ADInstruments, Dunedin, New Zealand).

Concordance analysis
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Parameter measurements procedure using a standard acquisition system and the remote photoplethysmography
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This last acquisition chain enables synchronisation of all

the signals on the same time base.

» HR will be obtained from an ECG system (unit: heart
beats per minute (bpm))

» RR will be obtained from a transducer. This trans-
ducer contains a flexible sensing element bonded
to the inside of a fabric belt (unit: respirations per
minute (rpm))

» SpO, will be obtained from an oximeter (oxygen-
saturated haemoglobin relative to total haemo-
globin (unsaturated and saturated) in the peripheral
blood—unit: per cent (%)).

» Caducy Medical Device Software is the evaluated meas-
urement system using rPPG. This software is based on
an algorithm developed by the company I-Virtual. To
make a measurement, the algorithm is based on three
successive steps':

Phase 1: Region of interest (ROI) determination:
analysis area (head/ face).7 8 The ROI is the area of
skin on the face that will allow analysis.

Phase 2: Each image from the ROI will benefit from
a measurement of the red, green and blue colour
spectra.

Phase 3: Measurement of the fluctuation of these
spectra during a defined period with the intervention
of an algorithm to define the physiological parame-
ters (HR, RR and SpO2).

Primary endpoint

» HR concordance analysis by a standard acquisi-
tion system (photoplethysmography of the finger)
compared with rPPG with a recording time of 60s.

Secondary endpoints

» HR concordance analysis by ECG system compared
with rPPG with a recording time of 120s.

» SpO, concordance analysis by standard acquisi-
tion system (oximeter) compared with rPPG with a
recording time of 120s.

» RR concordance analysis by standard acquisition
system (gold standard) compared with rPPG with a
recording time of 120s

Statistical analysis

To determine the HR, RR and SpO,, descriptive anal-
yses will be conducted according to the nature and the
distribution of the variables. Qualitative variables will be
described with frequencies and percentages; quantita-
tive variables will be reported as mean+SD. The subclass
correlation coefficient with the 95% CI will be used to
measure the concordance between the two measuring
systems. The ICC with a 95% CI will be used to measure
the concordance between the two measuring systems.
The analysis will be adjusted according to age, sex and the
six skin phototypes."” Analyses were performed using IBM
SPSS Statistics V.23, and p values <0.05 were considered
statistically significant.

Sample size

With a given ICC of p=0.85 between the two groups of
measures with a 95% CI of 0.05 width (two sided), the
adjustment according to age, sex and skin phototype, and
considering 10% of bad quality signals, the workforce is
1045 subjects. This number and the subjects recruited will
allow a sufficiently wide distribution of values (in terms
of different observed values and variety of subjects) for
a good distribution of the results on the axes and thus a
good estimation of the ICC.

Data management

Before the launch of this study, all investigators and
members of the investigative team took part in Good
Clinical Practice (GCP) workshops. The sponsor’s clinical
research associates from the University Hospital of Nancy
(France) will perform periodic monitoring throughout
the trial. The data required to meet the research objec-
tives will be collected in case report forms (CRF) specif-
ically designed for this study and will come from the
patient’s medical records and the results of the analysis of
biological samples.

A database will be created specifically for this study and
will use the double entry method. To ensure data quality
and data concordance, two data entry technicians will
independently feed data from the CRFs into the data-
base. If inconsistencies are detected, a third investigator
will decide on the data to be entered. The data manager
will send queries to the investigative teams to correct or
confirm outliers. Before any decision to freeze the data-
base and to ensure a clean database, all CRF data will be
incorporated into the database and all queries will be
resolved. The final milestone will be the database lock.

DISCUSSION
The clinical trial results will determine rPPG precision
and reliability in measuring the HR (primary endpoint)
and obtain parameters to determine the validity of RR
and SpO,,. To our knowledge, this is the first study to eval-
uate the rPPG system in a large sample of subjects. This
will assess the limits of this new method of physiological
measurement. Finally, we will be able to evaluate this
innovative physiological measurement system in current
practice, opening up new possibilities for telemedicine.
By using a simple computer webcam or a smartphone
camera, it will be possible to provide additional informa-
tion for teleconsultations to assess the patient’s current
baseline clinical condition. This valid physiological eval-
uation is particularly crucial in cardiorespiratory disease
s0 as to make appropriate medical decisions.” ® During
the COVID-19 pandemic, telemedicine has been a major
component of healthcare strategies, limiting SARS-CoV-2
exposure and providing needed care delivery to high-risk
patients.17 ' Then, the development of remote assess-
ments, independent from instruments that the patient
has to manage himself, metrologically validated and
useful in reallife settings will play a key role to allow
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accurate telediagnosis or telemonitoring. This study will
provide valuable insights in order to clarify the accuracy
of measurements of physiological variables (HR, RR and
SpO2) using an rPPG system in real-life clinical settings at
rest, but further studies will be needed to evaluate their
interest in real-life home-based conditions.

Ethics and dissemination

This study has received approval from the French
Ethics Committee (CPP TOURS-Région Centre-Ouest
1-2020T1-30 DM at 27 October 2020) and from the
French Agency for the Safety of Health Products (ANSM
registration no. I-RCB 2020-A02428-31).

It will be conducted according to the European GCP
recommendations, the general ethical principles of the
Declaration of Helsinki and specific French regulations.

Before inclusion, each patient will receive, both verbally
and in writing, a full brief on the study objectives, its
progress and its constraints, before giving their written
consent to participate in the trial.
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