Journal of Clinical Monitoring and Computing (2022) 36:775-783
https://doi.org/10.1007/510877-021-00708-x

ORIGINAL RESEARCH q

Check for
updates

Accuracy of noncontact surface imaging for tidal volume
and respiratory rate measurements in the ICU

Erwan L'Her"2® . Souha Nazir? - Victoire Pateau’ - Dimitris Visvikis?

Received: 11 December 2020 / Accepted: 13 April 2021 / Published online: 22 April 2021
© The Author(s), under exclusive licence to Springer Nature B.V. 2021

Abstract

Tidal volume monitoring may help minimize lung injury during respiratory assistance. Surface imaging using time-of-flight
camera is a new, non-invasive, non-contact, radiation-free, and easy-to-use technique that enables tidal volume and respira-
tory rate measurements. The objectives of the study were to determine the accuracy of Time-of-Flight volume (VTqr) and
respiratory rate (RRpor) measurements at the bedside, and to validate its application for spontaneously breathing patients
under high flow nasal canula. Data analysis was performed within the ReaSTOC data-warehousing project (ClinicalTrials.
gov identifier NCT02893462). All data were recorded using standard monitoring devices, and the computerized medical
file. Time-of-flight technique used a Kinect V2 (Microsoft, Redmond, WA, USA) to acquire the distance information, based
on measuring the phase delay between the emitted light-wave and received backscattered signals. 44 patients (32 under
mechanical ventilation; 12 under high-flow nasal canula) were recorded. High correlation (r=0.84; p<0.001), with low bias
(-1.7 mL) and acceptable deviation (75 mL) was observed between VT o and VTygg under ventilation. Similar performance
was observed for respiratory rate (r=0.91; p<0.001; bias < 1b/min; deviation < 5b/min). Measurements were possible for all
patients under high-flow nasal canula, detecting overdistension in 4 patients (tidal volume > 8 mL/kg) and low ventilation in
6 patients (tidal volume <6 mL/kg). Tidal volume monitoring using time-of-flight camera (VT qp) is correlated to reference
values. Time-of-flight camera enables continuous and non-contact respiratory monitoring under high-flow nasal canula,
and enables to detect tidal volume and respiratory rate changes, while modifying flow. It enables respiratory monitoring for
spontaneously patients, especially while using high-flow nasal oxygenation.
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Abbreviations HFNC High-flow nasal cannula
ICU Intensive Care Unit EIT Electrical impedance tomography
VT Tidal volume TOF Time-of-Flight imaging
VTror Tidal volume measured using the Time-of-Flight RGB  Red, green, and blue camera
camera IR Infrared
VTgge Tidal volume measured by the mechanical ROI Region of interest
ventilator SD Standard deviation
RR Respiratory rate MV Mechanical ventilation
RRyor  Respiratory rate measured using the Time-of- Cw Continuous wave
Flight camera SLP Structured light plethysmography
VILI  Volume-induced lung injury OEP Optoelectronic plethysmography
P-SILI Patient self-inflicted lung injury PEEP  Positive end expiratory pressure

ARDS  Acute respiratory distress syndrome
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1 Introduction

A major concern in mechanically ventilated patients is the
risk of Ventilator-Induced Lung Injury (VILI). It has been
demonstrated that protective ventilation using lower tidal
volumes may reduce VILI, and improve prognosis [1].
Experimental studies demonstrated that spontaneous venti-
lation superimposed on mechanical ventilation may worsen
lung injury while generating high transpulmonary pressure
[2, 3]. These spontaneous breathing efforts may induce
overstretch of dependent lung, associated with reciprocal
deflation of nondependent lung, even when not modifying
tidal volume [3]. The pattern of lung inflation may also be
different in the presence of lung injury. The availability of a
noninvasive global tidal volume monitoring technique, and
the possibility to evaluate volume distribution may be of
interest.

Recent data suggest that spontaneously breathing, non-
intubated patients with acute respiratory failure may have a
high respiratory drive, and may therefore breathe with large
tidal volumes, thus potentially inducing Patient Self-inflicted
Lung Injury (P-SILI) [4, 5]. Examples of patients without
preexisting lung injury who develop lung injury associated
with hyperventilation exist in the literature [6]. In the con-
text of this high respiratory drive, lung-protective ventila-
tion might be viewed not simply as supportive therapy in
intubated patients, but as a prophylactic therapy to mitigate
P-SILI in spontaneously breathing patients. However, such
therapeutic concepts might require routine lung volume
evaluation in nonintubated patients.

High-flow nasal cannula (HFNC) is increasingly used
in the management of respiratory failure and it has proved
to decrease the need for endotracheal intubation in patients
with acute hypoxemic respiratory failure [7]. Via dedicated
nasal cannula, the patient is administered a humidified gas
flow at high levels (in between 30 to 60 L/min), at a vari-
able inspiratory oxygen fraction (in between 21 and 100%).
While HENC seems to generate a low level of positive air-
way pressure and washout of dead space [8], little is known
about its impact on tidal volume generation. If one may con-
sider that volumes might be increased under HFNC while
it generates a positive oropharyngeal airway pressure, vol-
ume measurement is not currently available. The question
whether patients under HFNC do develop P-SILI due to the
increased tidal volumes and minute ventilation seems prob-
able [5].

There is a paucity of noninvasive, noncontact respiratory
monitors for spontaneously breathing patients. Several stud-
ies have promoted the use of electrical impedance tomogra-
phy (EIT) to evaluate lung volume under HFNC [9-16]. EIT
is a bedside monitoring technique of the respiratory system
that measures impedance changes within the thorax, thus

@ Springer

providing dynamic volume distribution [17]. Most evalu-
ations using EIT demonstrated that lung volumes might
increase with increased gas flow. Other approaches for lung
volume estimation during spontaneous ventilation include
temperature profile changes through nasal canula or oxygen
mask [18], microwave techniques [19] and optical-based
techniques such as thermal imaging [20], structured light
plethysmography [21], and optoelectronic plethysmogra-
phy [22]. All these methods are either cumbersome and/or
expensive, and/or only provide raw estimation of volumes,
thus they cannot yet be applied for continuous monitoring
in the ICU clinical routine.

Time-of-Flight imaging (TOF) is a novel noninvasive,
noncontact, radiation-free, and easy-to-use technique, that
provides direct volume measurement, without the use of any
additional sensors. The technique is derived from standard
volume surfacing measurements, that have been widely
investigated in various situations [23-25]. Dellen et al. [26]
have investigated the accuracy of the volume measurements
using a commercial depth-sensing device, and calculated
a 5.2% volume measurement error for medium size solid
objects, with respect to the ground truth, while the depth
accuracy for the Kinect V2 camera has been found to be of
2 mm [27].

It also enables to estimate on the same time differential
volume distribution (e.g. left/right hemithorax or abdomen/
thorax), thus being interesting to detect the occurrence of
pneumothorax and/or atelectasis.

The primary objective of the study was to evaluate the
accuracy of TOF volume and respiratory rate measurements
within the ICU environment. The secondary objective was
to detect if the technique could be implemented to monitor
spontaneously breathing patients under HFNC.

2 Methods
2.1 Study design and population

Data analysis was performed within the ReaSTOC
data-warehousing project including all patients admit-
ted to our adult medical ICU (ClinicalTrials.gov identi-
fier NCT02893462). A previous publication has already
described the design of the Reastoc study [28]. The proto-
col was approved by our local ethics committee and written
informed consent was waived, according to French legisla-
tion. The only exclusion criteria was the patient and/or rela-
tives refusal to participate.

Clinical metadata were recorded using standard monitor-
ing devices, and the computerized medical file (Intellivue
MP70 and ICCA Philips Healthcare, Amsterdam, Neth-
erlands). The first phase included all consecutive patients
undergoing invasive mechanical ventilation (MV) included
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within our database, thus enabling to collect the reference
expired tidal volume (R860, GE Healthcare, Madison, WI,
USA). Precision of the ventilator flow sensor was considered
adequate while considering our purpose (+10% or 10 mL
with the ventilator’s leak compensation activated) and the
fact that it did not require any additional inline sensors that
would have modified the setting and ethical approval of the
ReaStoc project. The second phase included all consecutive
patients undergoing HFNC that were analyzed using TOF.

All measurements were performed with the patient lying
supine, with a 30° angulation of the bed head.

2.2 Volume acquisition
2.2.1 Device

TOF acquires the distance information based on measuring
the phase delay between the emitted light-wave and back-
scattered signals received by each photodetector. These cam-
eras are capable of acquiring the distance from a few cen-
timeters to several meters, and therefore are advantageously
adapted for use in a clinical environment.

We used a Kinect V2 (Microsoft, Redmond, WA, USA),
composed of a red, green, and blue (RGB) camera and an
infrared (IR) emitter/detector that forms the depth sensor.
The camera operational range is between 0.5 and 3.5 m;
in the current study the system was placed on top of the
patient’s bed, at a distance of approximately 1.2 m from the
patient (Fig. 1).

The measurement of respiratory parameters (tidal vol-
ume and respiratory rate) was performed by analyzing the
changes of the chest wall position in the depth images,
the movements of the chest wall being illustrated by the
movements of external surfaces along the anteroposterior
direction.

Fig. 1 Position of the TOF
Camera and automatic determi-
nation of the regions of interest.
The TOF camera is positioned
perpendicularly at~1.2 m from
the patient’s torso — it can be
either fixed on the ceiling or on
a moving trolley —the patient
lying supine with a 30° angula-
tion of the bed’s head. Calibra-
tion is automated, as the ROI
determination (yellow square).
All red numbers corresponds to D
automated determination of the N
patient’s points of interest and (& o
main joints. In case of discord- L ( ~
ance, position of the points of k
interest can be modified by the |
clinician

> TSR SIS N—

2.2.2 Autocalibration

TOF VT monitoring does not require calibration using a
spirometer; the technique only requires an accurate orienta-
tion between the camera and the object of interest (patient),
in order to optimize the depth measurement accuracy. As
the movements of the lungs are illustrated by the movement
of external surfaces along the anteroposterior direction,
the camera plane is to be aligned perpendicularly to this
direction. Therefore, calibration is performed automatically,
based on a real time registration algorithm allowing a rigid
transformation between the camera plane and the patient’s
thorax plane (see supplementary appendix for additional
details).

2.2.3 Regions of interest (ROI) automated selection

The ROI are automatically selected, based on a deep neural
network algorithm [29] that estimates human joints position.
The algorithm predicts the location of various human “key
points” such as elbows, knees, neck, shoulder, hips, chest(
18 points including face and body features) [30]. Hence, the
lower costal margin is detected, and the patient’s torso is
then defined by the surface connecting the joints of shoul-
ders and hipbones. Monitoring of multiple ROI on the torso
and right/left hemithorax separately enables detecting the
presence of respiratory and volume distribution abnormali-
ties (e.g. pneumothorax, atelectasis, diaphragmatic paradox)
[31-33].

2.2.4 Tidal volume (VT) calculation
To smooth data, an exponential moving average filter was

used to reduce random noise. Respiratory parameters are
calculated based on the monitored respiratory signal. This

TOF Camera
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signal is obtained by analyzing the morphological changes in
the chest wall. The 1D signal is obtained by calculating the
differences between the spatial average of the depth values
in the image at a given time and the spatial average of the
depth values of a reference image in given ROI defined on
the torso of the patient. The volume-time curve computed
by estimating the volume of the ROI as a function of time
is obtained as:

V(k) = D(k) x S x 10°

wherein D(k) is the measure of average depth variation esti-
mated for &, the image of the acquisition sample, and S is a
parameter representing the surface of the ROI quantified in
mm?, and the multiplicative factor 107 is the conversion from
a volume in mm? to a volume quantified in mL.

The volume time curve presents a peak for each inhalation
and a valley for each exhalation of the patient. Therefore, the
tidal volume which is the volume of air passing in or out the
lungs in a cycle, is calculated by subtracting the lung volume
of the corresponding extrema points. To improve accuracy
and eliminate aberrant values, the recorded tidal volume
value is considered as the average of all detected inspiratory
peak, over a one minute recording window. The calculations
were automatically and continuously performed on clinical
data over a stable period of at least 10 to 20 min. acquisition
per patient (i.e. 10 to 20 recorded values per patient).

2.3 Respiratory rate calculation

The respiratory rate (RR) is considered to be the number of
breathing cycles in one ventilation minute. It is calculated
by counting the number of peaks in V(k) in a time interval
of one minute. The relevant peaks in the signal are detected
based on the calculation of the maxima and minima within
a window. The maxima should be greater than a threshold
defined as the average of the first seconds of the respiratory
signal (Fig. 2).

2.4 Reference VT and RR

2.4.1 Reference values were those recorded
within the ReaStoc database

Reference VT was recorded as the mean expiratory value
provided by the ventilator each minute, over a stable period
of 10 to 20 min. Such period was chosen to improve accu-
racy and eliminate aberrant values while instant VT values
are not always accurate (several artefacts due to external
factors, such as humidification, active patient’s expiration,
movements ...).

RR was considered as the mean value measured by either
the ventilator or a manual chronometric evaluation, over a
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60 s. period for patients under HFNC. A 60 s. period was
chosen as a reference, while for manual chronometric evalu-
ation shorter intervals, equal or below 15 s., are considered
less accurate [28].

2.5 Statistical analysis

Continuous variables were expressed as mean + SD; categor-
ical variables were expressed as numbers and percentages.
Data normality was assessed using the D’Agostino-Pearson
normality test.

Under mechanical ventilation, ventilator respiratory
rate and expired VT were regarded as the reference meth-
ods and TOF measurements as the method of comparison.
Under HENC, no comparative value was available for VT
and manual chronometric evaluation over 30-s. period was
considered as the reference for RR.

Linear correlation between the different methods was
performed using Pearson’s correlation coefficient analysis.
The agreement between quantitative measure of the refer-
ence and the estimated VT and RR values was graphically
appreciated according to Bland and Altman [34].

Statistical significance was defined as a two-tailed
P-value of < 0.05 for all analyses. Analyses were performed
using MedCalc Statistical Software version 18.6 (MedCalc
Software bvba, Ostend, Belgium).

3 Results

Fourty four patients were recorded, of which 32 patients
were under invasive mechanical ventilation (MV), and 12
others were spontaneously breathing under HENC. Physi-
ological characteristics for patients under MV are depicted
within Table 1. First cause of admission was respiratory
failure, and almost 40% of the patients under mechanical
ventilation were presenting patient-ventilator asynchronies.
Four hundred eighty six and 505 measurements were per-
formed under MV, for VT and RR respectively. The degrees
of agreement between the estimated and reference values
(VT and RR) are reported within Fig. 3. The scatter plot and
linear regression for VT depicted high correlation (r=0.84;
p<0.001), with a low bias (-1.7 mL) and acceptable devia-
tion (~75 mL); the percentage of error for VT was equal to
-0.5+8.1%. The scatter plot and linear regression for RR
depicted high correlation (r=0.91; p<0.001), with a low
bias (< 1 b/min) and acceptable deviation (<5 b/min)); the
percentage of error for RR was equal to 3.1 +11.0%.
Measurements were possible in all 12 spontaneously
breathing patients under HFNC (Table 2). RR g evalua-
tion was similar to the reference value that was measured
manually, with a good correlation (26 +5 vs. 27 +4 b/min
for Reference and TOF respectively; r=0.86; P <0.001).
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Fig.2 Monitoring of the left and right hemithoraces. Regional ven-
tilation monitoring of the left and right patient’s hemithoraces is
depicted. The volume time curve is obtained by analyzing the right
and left hemithoraces ROIs separately. The black curve corresponds

While mean VT under HFNC was within the 6-8 mL/kg
target range, 4/12 patients were developing VT > 8 mL/kg
and 6/12 VT < 6 mL/kg (Table 3). For these patients outside
VT range, flow was maximal in all cases (60 L/min); in one
case (VT >8 mL/kg), decreasing flow resulted in a decreased
VT and no RR modification; in two cases (VT <6 mL/kg),
decreasing flow resulted in an increased VT and decreased
RR; in one case (VT <6 ML/kg), decreasing flow resulted
in a decreased VT and increased RR.

4 Discussion

In ICU patients requiring mechanical ventilation, TOF
proved to be correlated to the expiratory VT measured by
the ventilator. VT values that were obtained with TOF under
HFNC enabled the evaluation of the impact of flow modi-
fications, and depicted at least one patient with significant
overdistension related to high-flow administration.

EIT is a bedside noninvasive monitoring technique that
measures the voltage response of biological tissues to an
externally applied alternating electric current [35] and there-
fore provides indirect evaluation of global volume distribu-
tion, and an estimate of regional VT in the studied chest
slice [17, 35]. Its clinical applications are to quantify lung
collapse, tidal recruitment and lung overdistension under
mechanical ventilation. It has also been proposed to evaluate
the effects of flow variation on lung recruitment and over-
distension under HFNC [36, 37]. Ventilation assessment is
a correlation of global impedance, unless tidal volume is
measured by an external reference (e.g., spirometry), EIT
tidal volume cannot be determined. While such scaling and

Frames

to the volume time curve of the right thorax and the gray curve cor-
responds to the volume time curve of the left thorax. Such analysis
may enable to depict regional abnormalities such as atelectasis and/
or pneumothorax

calibration is easily feasible under mechanical ventilation,
it may become more difficult for spontaneously breathing
patients. The technique requires direct contact with the
patient, since it uses a belt placed at the patient’s chest, and
applies an alternating current through the implemented elec-
trodes (from 8 to 32, according to the commercial device).
The location of the electrode plane may impact the find-
ings. The alternating electric currents used during EIT are
safe for a body application, undetected by the patients, but
its use in patients with pacemakers and defibrillators is not
recommended.

Several non-invasive and non-contact sensing techniques
of human beings have been conceived, mainly within the
security and safety domains, but only a very few have
reached the clinical setting. The Linshom temperature pro-
file tracks changes in VT in healthy volunteers [18]. In such
experimental conditions, it was considered as a simple and
reliable technique to estimate tidal volume under spontane-
ous ventilation. However, it was never tested with HFNC,
and further studies are warranted in clinical settings to estab-
lish its effectiveness in the ICU setting. Different techniques
using microwave sensors have been promoted to detect vital
signs, either with continuous wave (CW) or ultra-wideband
radars [38, 39]. While most of these techniques seemed
interesting for heart rate and RR monitoring without contact,
they have been rarely evaluated for lung volume assessment.
One team evaluated its capability to quantify lung volumes
[19]; accuracy of the VT estimation was not very high, and
the new technique needed a preliminary calibration with
a spirometer for every subject. Optical-based monitoring
techniques might offer several perspectives within the ICU.
Thermal imaging mainly enables RR monitoring [20, 40].

@ Springer
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Table 1 Physiological characteristics of the patients

General characteristics (n=44)

Age (years) 63+14
Sex ratio (Female/Male) 10/34
BMI (kg/m?) 27.2+8.0
SAPS 2 52.6+17.7
SpO,/FIO, 321+123
Admission diagnosis
Respiratory failure n-(%) 22 (50.0%)
Cardiovascular failure n-(%) 8 (18.2%)
Neurological failure n-(%) 14 (31.8%)
Mechanical ventilation characteristics (n=232)
Invasive MV n-(%) 32 (72.7%)
Intravenous sedation n-(%) 18 (40.9%)
Paralyzing agents n-(%) 1(2.3%)
PEEP (cm H,0) 6.0+1.9
Ventilatory mode n-(%) 29 (65.9%)
ACV /3
(6.8%) PSV
Patient/Ventilator Asynchrony n-(%) 13 (29.5%)

Results are depicted as mean+STD and n(%). Most patients were
admitted for an acute respiratory failure and required invasive
mechanical ventilation. Within the ReaSTOC datawarehouse, Patient/
Ventilator Asynchrony are assessed for 10-min. at the bedside accord-
ing to ventilator curves evaluation; a manually calculated asynchrony
index higher than 10% was considered significant

Structured light plethysmography (SLP) is a very interesting
technique that offers non-contact, self-calibrating evaluation
of lung volumes. A commercial device already exists (Pneu-
maCare Thora-3DI™) and significant benefits may occur for
clinical assessment of chest wall motion abnormalities [21].
However structured light cameras devices are rather expen-
sive (> 25 000 € for the commercially available device), and
the technique has mainly been used in a pediatric population
[41], and never within the adult ICU environment. Opto-
electronic plethysmography (OEP) is another optic method
to measure chest wall movements and estimate accurately
lung volumes [22]. However, while it is based on the general
principles of 3D motion capture, it requires the placement
of numerous chest sensors and the use of multiple cameras,
thus making it impossible to be used in the clinical setting.

Unlike other available non-contact and/or optic methods,
TOF is advantageously able to calculate either global and
regional pulmonary function, using a single low cost depth
camera and no additional sensors. It enables assessment of
the respiratory volume of either left/right hemithorax, and
abdominal regions separately. The accuracy of the deep
learning neural network that was used for ROI detection
has been proved to reach a 88.8% value [42]. Afterwards,
the local analysis is performed by defining the correspond-
ing region of interest and applying the same methodology
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described above to extract respiratory signals of each region
and calculate the respiratory parameters. The abdominal
region includes the surface between the diaphragm and the
hip bones, the left hemithorax region may be defined on
the left side of the rib cage so as to cover the left lung, and
a right hemithorax region may be defined on the right side
of the rib cage so as to cover the right lung. Variation of
the thorax size and lung volumes due to the inspiration and
expiration are illustrated by the movement of chest wall’s
external surfaces along the anteroposterior direction. The
benefits of the technique are the autocalibration method
that was implemented within the algorithm, the accuracy
of measurements, and the relatively low cost of the tech-
nique. Considering such potential benefits, TOF could be
used to evaluate lung overdistension under HFNC, and to
help clinicians’ care, while simple TOF measurements prior
and after each flow changes may enable to verify that the
patient generates a VT value within the adequate range. It
may particularly help detecting patients at risk of P-SILI,
while generating high VT. Similar use could be proposed
for patients with acute respiratory failure under noninvasive
ventilation and CPAP. Continuous TOF measurements could
also help to evaluate PEEP changes in ARDS patients, based
on the single-breath recruitability assessment maneuver
[43], but also be valuable for atelectasis, pleural effusions
and/or pneumothorax detection while considering left/right
hemithoraces expansion symmetry. Such hypothesis may
however require further investigations for validation. Even if
all measurements in the current study were performed with
the patient lying supine with a 30° bed head angulation,due
to the spatial calibration of the algorithm, our technology
has the advantage of monitoring the patients in various
positions (Supine, Fowler’s, Semi-Fowler’s, in a bed or in a
chair), while the important thing is to maintain perpendicu-
larity between the camera and the torso. The accuracy of
TOF monitoring may be affected by the items covering the
patient (e.g. cover, blanket, gown) if the thoracic motion is
too small to be detected by the camera. The patient popula-
tion that was included in the current study included skin
exposed patients, patients wearing gowns or covered by a
blanket, as in clinical routine. While the ROI detection algo-
rithm may fail with patients covered by a blanket, we did
not notice any particular effects of patient clothing on depth
measurement accuracy.

TOF monitoring may also be proposed for continuous
VT monitoring of unstable spontaneously breathing patients
to detect alveolar hypoventilation such as in the operation
recovery room. The technique may therefore cover new areas
of monitoring under respiratory assistance. Still more work
is needed to develop and interpret TOF measurements, and
its possible combination with EIT indices to guide the clini-
cian towards effective and safe respiratory assistance.
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Fig.3 Correlation and Bland—Altman plot for reference and esti-
mated respiratory rate and tidal volume. All measurements were
performed with the patient lying supine, with a 30° angulation of the
bed head. Values are provided as breath per minute (bpm) for the ref-
erence respiratory rate (RR) and mL for the tidal volume (Vt). RR
values were provided by its chronometric measurement at the bedside
during a 60-s period. Reference Vt values were provided by the ven-
tilator expiratory flowmeter for patients under ventilatory assistance.

Several limitations of our study must be highlighted.
First, one may consider that too few patients were included
to firmly validate the accuracy of our results, and that the
reference VT value (expiratory VT measurement extracted
from the ventilator) may be questionable. However, the over-
all number of VT and RR measurements over time (>480
measurements), combined with the excellent correlation of
both values with a low bias enables TOF to be considered
as a valuable tool. Moreover, most important references
depicting benefits from tidal volume monitoring, especially
in ARDS patients, used such measurements as a therapeutic
goal [44]. The overall precision of the ventilator expiratory
sensor (+10% or 10 mL) seems accurate from a clinical

Mean of RR Reference and RR Measured (b/min)

Estimated RR and Vt were performed using the TOF based moni-
toring system over a 60-s period. On the 31 ICU patients’ record-
ings, the estimation of the RR and Vt was well correlated with the
reference method (Fig. 2-A; R=0.9; p<0.0001 / Fig. 2-C; R=0.8;
p<0.0001). Comparison of the methods using the Bland—Altman
method depicted a very low bias for RR (Fig. 2-B; 1 bpm) and Vt
(Fig. 2-D; -1 mL) and an acceptable deviation (<+3.7 bpm and
80 mL, respectively)

perspective. Second, while this was an observational physi-
ological study, the low number of flow variations under
HFNC cannot provide sufficient data to validate the use
of TOF to monitor such patients in routine and help adjust
settings. Third, several limitations and/or potential biases
related to the use of the ReaStoc database for VT and RR
reference values should also be discussed. No raw breath-by-
breath analysis was performed for VT and RR, according to
the design of the database. We did consider that modifying
the way to measure reference values would have a-modified
the ethical approval for the database, b- introduced biases
related to artefacted values.
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Table 2 Patients characteristics under HFNC

Number of Patients 12

Sex ratio (Female/Male) 1/11

Age (year) 55.9+19.7
SAPS 2 37.7+16.1
SpO,/FIO, 170+55
Baseline Flow (L/min) 55+7
FIO, (%) 59+20
RRg (b/min) 27+4
RRop (b/min) 26+5
VTrop (ML) 429+ 125
VT op (mL/kg IBW) 6.5+2.1

Results are depicted as mean+STD. RRy ¢+ manually calculated res-
piratory rate reference. RRyqp: respiratory rate calculation provided
by the TOF device. VT g tidal volume calculated by the TOF
device. Most patients were receiving high flow rates

Table 3 Individual baseline data acquisition for patients under HENC

Patients (n°) VTop (mL) VT o (mL/kg  Flow (L/min)
IBW)
1 492 7,9 40
2 469 6,0 60
3 308 4,2 50
4 640 9,8 60
5 534 8,2 60
6 285 53 60
7 384 5,9 50
8 286 3,7 60
9 487 8,7 60
10 599 8,9 50
11 355 52 50
12 309 4,6 60

VT considered outside range (6—8 mL/kg) are depicted in bold char-
acter; in grey box for VT below range, in pale blue for VT higher than
the range. Patient 4 had to be intubated due to severe hypoxic respira-
tory failure

In conclusion, VT g is correlated to VT, TOF enables
continuous and non-contact VT monitoring under HFNC,
and is able to detect VT and RR changes while modifying
flow.
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