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NEW HANDHLED TECHNOLOGY FOR OSCILLOMETRY DEVICES

HANDHELD TECHNOLOGY
(patent nr W02012014024A1)

STATIONARY device TECHNOLOGY

WIACULIM genetalar

P oweer
Ampifier

» Bigger actuators (e.g., loudspeaker);
» Uses a high inertance tube;
» Uses a bias flow to reduce dead space;

a . .
Even if the current technologies allow for A

components, there is a limit to the minimum

.

compact size and reduced weight of the

size and cost associated to this setup

» A fan/blower/turbine produces the flow
oscillations, while the patient can breathe
through it;

» No need of additional tubes;

» Dead space can be very limited.

G

4 ™)
This design allows the manufacturing of
small, lightweight and inexpensive
oscillometry device.
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FIRST: the FIRST MINI OSCILLOMETER

Main features:

Standalone, portable system

Fan-based system for the measurement of respiratory impedance at 5 Hz and breathing pattern
Integrated PulseOxymetry Sp02 sensor

Integrated accelerometer for control of patient position during the test

Battery powered, (rechargeable by USB-C, i.e. phone charger), one full charge about 100 measurements
Weight <400 gr

Data can be downloaded into the RESMON PRO v3 device for further analysis of more parameters, that
are recorded but not displayed on the FIRST, or into the DATA VIEWER app for PC

Measured parameters (with CoV% and color coded warnings) :

AN N NN NN

v" 3 Lung function (oscillometry) parameters : within-breath and total Resistance and Reactance
(INSP, EXP and TQOT), tidal Expiratory Flow limitation (AXrs, patented)

v' Breathing pattern: Minute ventilation (VE)

v Sp02 and Heart rate (spot check)




APPLICATION 1: QUICK EVALUATION OF LUNG FUNCTION IN THE HOSPITAL,
private clinic, specialist, even at remote locations.

1. The physician uses FIRST as a portable tool for quick evaluation, bedside visits, or measurement
on the field.

2. The physician inputs the patient's basic information into the FIRST device.
3. The physician guides the patient through a brief measurement session. Following international

ERS technical standards, they collect three measurements, a process that takes just a few
minutes.

4. Device displays Rrs, Xrs, and DXrs results, highlighting anomalies.

If RESMON PRO FULL v3 is available, the physician can upload data and analyzed for trends, or
the PC Data Viewer app can be utilized.

ul

| | Immediate
onscreen results

RESIECLH > \\‘3
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7. b Data upload on the 2]
+1) i RESMON PRO FULL
< and/or
On the desktop data
- viewer e
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APPLICATION 1/A: Respiratory and neuromuscolar patients
rehabilitation. EVALUATION OF SECRETION REMOVAL SESSIONS

Before any secretion removal session, the physiotherapist uses the FIRST device to establish a
baseline understanding of the patient's airway condition.

The physiotherapist carefully administers the secretion removal procedure, ensuring the patient's
comfort and safety.

Right after the intervention, the physiotherapist turns to the FIRST device again. It allows her to
conduct an immediate evaluation to gauge the effectiveness of the secretion removal. The device
provides critical data, helping her determine if further intervention is necessary.

BEFORE AFTER
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RESTIECH RESTECH
'- ; Data upload on the J
RESMON PRO FULL
and/or
On the desktop data
viewer f
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APPLICATION 2: PRIMARY CARE SCREENING (General Practitioner, Family
Pediatrician, Pharmacy) and OCCUPATIONAL MEDICINE screening

A patient walks into the clinic with respiratory symptoms or risk factors that raise concerns.
The physician gathers important information about the patient's medical history to understand
the patient's condition.

The physician enters the patient's anthropometric data into the FIRST device.

The physician guides the patient through a brief measurement session. Following international
ERS technical standards, they collect three measurements, a process that takes just a few
minutes.

Device displays Rrs, Xrs, and DXrs results, highlighting anomalies.

The physician uses these results to support her diagnostic hypothesis. Depending on the
findings, she might decide to refer the patient to a pulmonologist for further assessments. A
basic report can be printed to share with the specialist.

Immediate PC data viewer app, Reads the
—7 N\ ] onscreen memory of FIRST, add patient
( ) results info, notes, comments,and
N print with user printer, saves
PDF report
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FIRST User Interface : ONLY 6 steps to easy assess lung function

1

2

25Lug22  25%[ | 251ug22  25%[]

Plug in the test object
and press Start

Power on and daily device verification

25Lug22  25%[ ] [ 251ug22  25%[]

Place your finger
on the sensor

Measure SpO2 and Pulse rate P~ %Sp0, 97
PR 68

[bpm]

Enter patient anthropometric info for determination of predicted data from
published equations
251ug22  25%[ | 251ug22  2su[ ]| [ 25tug22 2%

Age: 35 yo Height: 160 cm

Patient sex: F

5@
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FIRST User Interface : ONLY 6 steps to easy assess lung function

Perform measurement (10

verify patient neck position

Data evaluation, valid

measurements and session
5 Rrs, Xrs and EFL with

“quickscreen” and “Details”

Enter patient ID for data
6 printout and/or export to

Resmon Full V3

(only for clinical report

edit/printing)

accepted breaths) with filter,

251ug22  25%[]

Press Start and breathe
into the device

251ug22  25%[]

Session V| —‘

CoV 9.1%

Rrs Tot

Ve 13.5

[L/min]

Next

2stug22  25%]

Add ID to session

ARyv

Skip

RESTECH

25Lug22  25%[]

Head pos:hon@

/70"

hreaths_

251922 25%[]

DETAILS
Rrs:

[ |e]

Xrs:-1.12 cmH20/(L/s)
| ® |
AXrs: -0. 6 cmH20/ (L/s ‘)

| @
Back Next

2swg2z 253

Head position
TILT DOWN g

T

breaths_

251ug22  25%[]

Ins Exp Tot
Rrs‘d_‘l 54 51

Xrs |-1.3 -4.4 -3.8

AX ‘ 3.1

[emH.0/(L/s)]
Back




FIRST - dataviewer, desktop software

v Available for WINDOWS, Soon available for mac0S
v Reads the memory of the FIRST : 15 sessions (up to 5
measurements) displayed on screen, 20 in the internal memory

www.restech.it

DOWNLOAD &

Sessions data

Date ID Sex Age 5p0; [%] | HR [bpm] # Riot CoV [%] | Ve [L/min] R tot X tot AXrs Report
1 2023-10-03 15:51 MAT M 32 96 T 2 9.7 15.2 340 -1.15 -0.62 ‘
2 2025-09-29 21:05 ELKO1 M i - = 2 23 14.6 6.17 -3.10 0.03 E
3 2023-09-29 20:48 SAMO1 M 4 = % 2 5.6 6.1 8.86 -4.48 1.38 ‘
4 2023-09-28 18:16 BOND M 60 = = 2 1.1 147 3.22 -1.31 0.12 ﬁ
5 2023-09-22 12:07 AE M a7 93 84 2 7.1 11.2 3.98 0.66 ‘
6 2023-09-22 11:26 M 47 98 78 3 1.7 122 452 1:17 ‘
7 2023-09-22 10:57 PA M 48 93 71 2 4.4 13.2 3.08 -0.67 -0.36 ‘
8 2023-09-21 18:01 GHI M 60 95 73 2 57 71 m 0.68 ‘
9 2025-09-21 17:56 M 35 = & 1 0.0 14.0 3.08 -1.21 -0.52 ‘

HESTECH
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FIRST - dataviewer, desktop software

Date of test: 2023-09-08

- o
T l rst Hospital Name 11:26
Physician:

Respiratory Lab

—Staff: e Technician:
W, restech. it
Physician:
—
Technician: Height: 145 cm (4 ft 9 in) Waveform: SHz
_ Sex: M Weight: 35 kg (77 lbs) Smoking History:
| Age: 13 BMI: 16.6 kg/m?
—Patient:- ID: JIMMY Ethnicity:
MAIN FEATURES =
)
= SpO; at rest: 93 % PR atrest: 87/ bpm
First name:
(N
Last name: :
H H Pred ULM Baseline %% Pred Z-Score
Inclusion of patientdata @~ - -
o Rrs5 3.29 5.02 6.74 7.04 158.26 0.40
. . Ethnicity:
Inc|u5|0n Of techn|C|an Rrs 5 ins| 3.08 4,66 6.24 9.26 198.64 1.04
Rrs 5 exp 332 531 731 7.48 140.95 -0.28

Smoking history:

Xrs5 -2.68 -1.70 -0.72
Xrs 5 ins| -2.50 -151 -0.51
Ars 5 exp | -2.84 -1.81 -0.77

and physician notes
Generation of PDF report

o . . -Technical notes and physician's comments: 7 AXrs = s = 173 = g
for arChIVIng or prlntlng eason for testing: || G Ve (L/min) s - - 8.14 - =
Available for WINDOWS Notes: e R = = . - -
Soon available for macOS

=

‘

All FOT mechanics are measured in cmH ,0/(L/s)
Reference values: Ducharme et al., Ped. Pulmon., May 2022

Measurements X |X |~

v | CoV
Accepted breaths [10]6 |6 [6 [5 Rrs Tot
Discarded breaths |0 |0 |0 [0 |0 3.4

Reason for testing:

0
N
-
m
™
.
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The new RESTECH website:

www.restech.it

* The products (FIRST and Resmon Pro Full V3), with videos, fields of applications,
parameters, specifications, videos of the devices in use

e The Company

* For software updates, downloads of FIRST DATA VIEWER APP

* About OSCILLOMETRY - a great educational page with :

Oscillometry:

How it works and what can measure Links to the products pages :
| FIRST : www.restech.it/project/first/
V3 : www.restech.it/project/resmon-pro/

How do you perform an oscillometry test

How to evaluate the results of an oscillometry test

TECH
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Resmon FOT products
COMPARATIVE MATRIX

Wersion 2-4" Ot 2003

First

RESMON PRO F

--'-:-\.- Sl LN A :-.-'r el

artifacts

Automatic breath identification with
aute discard of breaths affected by

YES

a

MOT EDITABLE

YES, with viewing of the selected
reaths with manual selection of
breaths and recalculation of the
results

Automatic selection of the best 2

variability (CoV)

measurements that minimizes session

YES,
MOT EDITABLE

YES, EDNTABLE: user can
enable/disable individual
measurements within a session.

Memaory storage

> 200 FOT sessions {fofup to 5
measurements each)

> 15.000 FOT sessions (of upto 5
measurements each).

Meets 2020 ERS Respiratory
| Oscillometpy technical standards

YES

YES

Measurement age range

pediatric and adult patients 3 {2 in
the US) years of age or clder

pediatric and adult patients 3 {4 in
the U3} years of 2ge or oider.

Reference eguations

Pre-zet reference equations
covering the entire age range.
Mot user selectable {ref manual
for details)

User-selectable reference
eguations among a set of 7
different equations for different
age ranges and ethnicities

Periodic software updates

M /& 1o the final user

Regular yearly release of frea
update distributed to the final
Lser

Internal database

NJA

Relational database allowing
storage, searching, editing and
review of patients and session

data.

Programmable user accounts

M/A

Up to 9 user-defined accounts
customizable with specific
settings (testing stimulus,

duration, clinical report option,
preferred reference equations,
graph settings]

TECH



‘Modes and measured parameters

tirst

5 z

RESMON PRO FULL

Single frequency mode 5 Hz, 6Hz BHz, 10 Hz
Multi frequency mode MSA 5-11-19Hz

Pseudo Random Moise (5-37 Hz)
Within breath mode YES YES
Slow spirometry M8 Prowvides IC and VC with GLI 2020

predicted values

Qscillometry parameters

¥ within breath” (Insp, Exp

and Tot) : single frequency

¥ “within breath” (Insp, Exp
and Tot) : Rrs, Xrs at all

Rrs, ¥rs.at 5 Hzand EFL frequencies and EFL
¥ Spectral parameters: Ax and
Fres, R5-19
Breathing pattern parameters VE, RR WE, RR, Vt, Ti/Tot, VT/Ti, Vt/Te
Closing volume parameters N/A Closing Wolume (CyroT) and
Critical reactance point (Xerik) |

Specific airway conductance (sGrs) M/A YES

Within-oreath TIDAL loop analysis NS YES

Saturation and Heart rate YES MR

Reporting and data export : : :

Clinical report Basic PDF report of single session | Programmable PDF report
generated with the support of an | including patient demographics,
external DATA VIEWER APP. pre and post sessions, bar charts,

frequency spectra, tidal loops
and numerical values.
Prograrmmable Trends report for
mnitoring patient progress over
time

DATA export/import ¥ Export memary to Resmon ¥ complete CSV/XLS data

W3 for integration into V3
data base, V3 trending and
W3 Data cutput export in
CSW/XLS.

5V data output available
through DATA VIEWER PC

app

output

¥ Raw data files

¥ Data import/EXPORT from
EXPAIR and BreczeSuite.
software

¥ |ntegrated HLT protocol
{under development)

¥ Data import from FIRST
device

¥"  Direct connection with P5
printers

[ ESTECH



RESMON 22

Not just a special FOT device but a HUB for many diagnostic tests and modules

\
Slow Vital Capacity with - ~
[ Within-breath FOT, Rrs, Xrs ) Hyperinflation analysis Specific conductance sGrs, by
and Tidal EFL (expiratory flow (1C and SVC) manual input of TLC or FRC, with
limitation) lung subdivisions graphs and
o number
Boand Y e
W | DEEEET e h Jiy . T &
POST - @D = J g
\ / § LU Yy,
T : ) a )
Tidal breathing loops, Flow, Closing Volume (Xcrit) by FOT,
Volume, Rrs, Xrs and Zrs during SVC testing
: available in 2023
— : )
il -
; -
L e oy
& : -
. J e . ' J
RESMONEED FLILL=Y-
] 1 j \/ ¥ \ g FIRST, the stand-alone mini A
Full data- integration with rNeonatal/ Infant option with FOT ) o .
MGCD/Medisoft PFT, FeNO, Body d Tidal Breathing | hi oscillometer, with data upload
Box, DLCO, etc. and fical Breathing loop graphics into Resmon PRO FULL V3
’ ’ and numerical parameters . .
) . available in 2023
available in 2024
First
. J

~ S TECH



Oscillometry - medical applications

Possible uses: Level of revereibility tect lA'ranS

Clinical settings: obstruction CVEISIDHIY 185 clearante
assessment

Pulmonary departments including # # #
POST- COVID spec units
Pediatric departments, including off site
testing (schools etc.) ¢ “
Respiratory and Neuro Rehabilitation, |
Thoracic surgery, physiotherapy J «
Respiratory Allergy, adult & pediatric «
Occupational medicine, including off site
testing (workplace, factories, etc.) "" ""
Cystic fibrosis units J

< TECH



Why should | use oscillometry ?

Faster testing Less effort required

Oscillometry testing requires 3 3 Oscillometry requires less effort from
measurement of 5-10 breaths each the patient, making it more suitable for
for a total of about 5 minutes children and elderly patients.

More comprehensive More sensitive to changes
Oscillometry  provides a more Oscillometry is more sensitive to subtle
comprehensive assessment of lung 4 changes in lung function, making it
function, including small airways better for detecting early signs of
that spirometry may miss. respiratory disease, even over time.

Accepted and standardized

FOT is now internationally standardized, by published technical
standards, with reccomendations, measurements rules and
thresholds for significant response to treatment

$

BETTER RESPIRATORY DIAGNOQOSIS !!!

[ ESTECH




Supplemental educational material

RESTECH

19



Forced oscillation technique (FOT,oscillometry)

Basic principles:

An external small oscillatory pressure is applied to mouth, during normal v Respiratory cycle
breathing and flow and pressure at the airways opening (usually mouth) are =
measured in real time. é
Oscillometry measure quantifies how easy is for the air to move in and out é
the respiratory system and is represented using RESPIRATORY
RESISTANCE and REACTANCE
RESISTANCE (Rrs): REACTANCE (Xrs):

v" measures the degree of
airway obstruction at tidal

v' enables the clinician to

{riepny

S RIS determine how effectively

volume aw the lung can be ventilated

v' Can be used in pediatric and - in its di:stal areas or how

adult popu|ation as a \, Y , WE" alr reaches the
surrogate of spirometry in " " Sl peripheral areas.

el Rl AT v" Within breath changes of Xrs (AXrs = Xexp-Xisp)

detects tidal expiratory flow limitation

ADVANTAGES:

v' The test can be executed even in absence of medical supervision

v’ Suitable test for children, elderly, severe patients, home monitoring, self-assessment of lung function,
screening, measurement during noninvasive ventilation

RESTECH



Oscillometry: suggested readings and courses

King GG, Bates ), Berger Kl, et al. Technical
standards for respiratory oscillometry. Eur
Respir J. 2020;55(2):1900753.
doi:10.1183/13993003.00753-2019

Kaminsky DA, Simpson S), Berger KI, et al.
Clinical significance and applications of
oscillometry. Eur Respir Rev. 2022;31(163):1-
19. doi:10.1183/16000617.0208-2021

2022 - An ERS free, online CME course on
oscillometry:

https://www.ersnet.org/news-and-
features/news/cme-online-oscillometry-
forced-oscillation-technigue-in-the-
assessment-of-respiratory-disease/

Technical standards for respiratory
oscillometry

_iasen Bates®, Kenrath | Barger

r Calveriey®. Fedra
*, Rarrar Farr id
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CME Online: Oscillometry — Forced
ascillation technique in the
assessment of respiratory disease
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ATS 2022 - VALIDATION

L In-vitro Validation Of A Novel Handheld Oscillometry Device

TECHRES:>

The Ipried oic|laton iechnigue (FOT], or oscilloimetny, uses

thie  Fow-respomse 10 high-breguancy,  Wow-amplilude
prevsure ostdlllations appled ot the airay opening to
evaluate respiratory  mechanics  during  spomaneous
brmathing. i1 requires minimal patient cooperation, making
this bechnigue ideal for home monitodng |1] and in-feeld
bung function lesting. Mowever, current ascillometry devices
&g to0 complex. cumbersome, nd expendive for large
scole applications. Recemtly, & new small hasndheld HOT
device based on & misaturized Tan for penerating a
sininoided forcing warveform has been developed. This study
s 1o evaduale the performance of this nowel technology
R AR - SECEIR

The sccuracy of oicillatory parameters measured by the
handheiid FOT dewce (FOT Wi, e Figure 1, RESTECH SAL
B, Maly) wiing 5 HI presaurs wivelonms was vaiuatied
againgt @ commerpially availlable oscllometric devicn fior
ambulstory use (FOT PRO, Resmon PRO FULL, RESTECH SRL,
Milana, taly]

! TechRas Lab, Dipartimento di Ingegneria Elettronica. dell'Informazions ¢ Bioingegneria, Politecnico di Milano - * Restech s.r.] (Milanao, Italy)

D. Bizzotto', P. P. Pompilio?, A. Gobbi?, R. L. Dellaca’

gt R ARy

. ISP : [
RISISTANCE - COMPLIANCE E | st e w01 15w BHT P, B JETT g T B
FI-_-” DEVICE : l-\;1..........1......||.J'I l " e [T B vvwrprgd (L) FVR) | e R Tl T L |::I-:r\l
L | W AT SNLEEET N A d i ¥r-58
\ a— o | etriver e
COMPLIANCE " | axpaam | 39 M haas
BREATHING GFNERATOR L s | M G| | 3 AVTLAK L¥ b L
e | Liem (ETTERR ] a1 ] T
&R | D QOF |3 8D i %] a8 Le -2
G---_ lVipawlew =
i -
The comparion wil done 1A vitro by wing 8 apecifically- ';, LE] - :-. :
developed breathing teat lung It conilited of meah-Fps g - 3
reiitances [Hena Rudolph, Shawnes, K5, USA) connected to E 2
glam botties snd 3 piston-type servocontrolied volume = o
generator used to reproduce humien pre-recorded breathing E e . M
patterm [Figure 2 o~ : : :' -
The tesis were performed on several combinatiom of two ,:" I e -y -
resisianoes {5 and 15 cmi,0%41) and three glass bottles (3, oL T [y
S and 15 |, lmading to a resctance of appronimately - 1005,
6.9 and -2.3 omM 0"y, eipectively] to vemulato diffement a Mt e B
degrees of lung disfunction. Exch condition wiad mersured | ral
under two different breathing pamerss {1 Vi 0.4 | RR 47 = I :f
bom, T 160 & 2: Vi 0.28 |, AR = 235 bpm, T 109 4 A | e o
Within-broath changes of ¥m, hallmark of patients with = 4 Sl
teclad Empuratony Fiow Lemitation |J], were simulated by using f a |
an electrically-conroled vabee activated yynehronously with .'t - : ';. -~
ihe breathing phaswe o doe the coneeciion of an ) . . L
sdditional gas bottle during esplration, leading to a . 1 * Ny
dechraied sxpitatory comphantie e o \n el ki,
4 -HF W0 4 A& 4 3 1

The pertosmance of The novel dewoe & repored in the
Tabile | g linsar regresnn parametars and Sersge sms
Tha cormelation coalficient wan. sbways > 0,99

FOT PG doerid, D el

LE.5

- iy
o J £
q o
g ¥
8| .
4
i
- A
o
u
B 1 "] W " ]

FOIT PR o Crwl)

Discrepancies of Br and Xr were alwins within the 1%
limit of agreemert (Figure 3L satisfyng curent FOT
technical standards [3]. The masemum error for A s
fcrweer thian thee limit of 207 [Figure 4)

Conclusions

The rmowel Gan-based approach dows  souRie
measuremenis of oswilnory mechanics with & handheld
compact, portable and more scooniible deviow, openeng
Péw appecateons for the diagnosls snd management ol
FEpIralory conditiong  oulhite biFj Punction  DEst
Isharatory
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ERS 2022 - VALIDATION

Accuracy of impedance measurements of a l D. Bizzotto!, P. P. Pompilio®, A. Gobb R.

novel handheld oscillometry device

Infroduction Methods Results
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MNovel miniaiunzed handheld oscilllomelry
device provides occurale measurement of
respiraglory impedance






