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* Monofrekvenéni metody — pouZiti jedné frekvence| ./ Y U U U
signalu a ¢asového posunu meve

* Multifrekvencni metody- pouziti smési frekvenci elektr.generovanych
* Nahodny zvukovy signal- smeés frekvenci mezi hornim a dolnim limitem
* Pseudonahodny zvukovy signal- zvukové viny o stejné amplitudé vsech frekvenci v
nahodné urceném rozsahu

* Impulzni oscilometrie 1981 (Mduller Vogel)- pravouhly elektricky impulz
obsahujici vSechny frekvence
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Impulzni generator-> zvukové viny= tlakové impulzy (5-20Hz)k pacienovu klidovému
dychani

* Posun s deformace impulzl v hrudniku a plicich

* Méreni zmény prutoku a zmény tlaku v pneumotachografu

[ A4 7 o P .
Respiracni impedance Zrs = e Rrs +j. Xrs

Rrs- rezistence dych.systému- ekvivalent odporu proudéni v DC, opovida kalibru DC.
UZsi a delSi dych.cesty maji vyssi odpory v dusledku vétsi tlakové ztraty tfenim proudiciho vzduchu

Xrs- reaktance

* Elastance Ers- mira tuhosti celého systému(hrudni sténa-plice a dych.cesty),
zahrnuje stlacitelnost plynu v DC a alveolech(reciprocné compliance)

* Inertance Irs- odrazi tlakové ztraty zpusobené zrychlenim vzduchového sloupce.
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Oscillometry — misconceptions

“The impulse oscillometry system (I0S) is different from the forced oscillation
technique (FOT).”

Impulse
j L1 ] In fact:
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o .[ |‘f 1“ 10S is a subclass of the FOT. Its historical driving
I signal is a train of impulses rather than a
- designed mixture of sinusoids (pseudorandom
Pseudorandom Signal signal) employed typically in most of oscillometry
devices.
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Adapted from Bates 2011
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time (s) Oscillometry R. Dandurand (Beaconsfield (QC), Canada), C. Chow (Toronto (ON), Canada Source: ERS Virtual Congress 2021 — Spirometry and oscillometry




Comparison between Impulse oscillometry and Resmon Pro and the use of inspiratory parameters

Linnea Jarenbéck, Jaro Ankerst, UIf Nihlén, Ellen Tufvesson, Leif Bjermer, Respiratory medicine and allergology, Lund University, Lund, Sweden
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SCIENTIFIC REP&}RTS

Comparison of Forced and Impulse
Oscillometry Measurements: A
Clinical Population and Printed
Airway Model Study

Marcia Soares?, Matthew Richardson?, James Thorpe?, John Owers-Bradley? &
Salman Siddiqui®

The use of commercialised forced oscillation (FOT) devices to assess impedance in obstructive diseases
such as asthma has gained popularity. However, it has yet to be fully established whether resistance
and reactance measurements are comparable across different FOT devices, particularly in disease.

We compared two commercially available FOT devices: Impulse Oscillometry (I0S) and TremoFlo FOT
(Thorasys) in a) clinical adult population of healthy controls (n = 14), asymptomatic smokers (n=17)
and individuals with asthma (n = 73) and b) a 3D printed CT-derived airway tree model resistance, as
well as a 3L standardised volume reactance. Bland-Altman Plots and linear regressions were used to
evaluate bias between the devices. Resistance measurements at both 5 and 20 Hz were numerically
higher with 10S compared to FOT, with evidence of small and statistically significant proportional
systematic bias and a positive Bland-Altman regression slope at both 5 and 20 Hz. In contrast, the I0S
device recorded reactances that were less negative at both 5 Hz and 20 Hz and significantly smaller
reactance areas when compared to TremoFlo. Larger statistically significant proportional systematic
biases were demonstrated with both reactance at 5 Hz and reactance area (AX) between the devices
with a negative Bland-Altman regression slope. The printed airway resistance and standardised volume
reactance confirmed the observations seen in patients. We have demonstrated that the impulse
oscillation system and TremoFlo FOT demonstrate comparative bias, particularly when comparing
airway reactance in patients. Our results highlight the need for further standardisation across FOT
measurement devices, specifically using variable test loads for reactance standardisation.
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Rozsireni oscilometrickych metod ve vyzkumném pouzivani i klinické
praxi v poslednich letech

Potfeba aktualizace norem pracovni skupinou (ATS)/ERS
* Technicka doporuceni- hardware, software, technické protokoly, kontroly kvality
 Klinicka doporuceni

Cil
e /presnit oscilometricka méreni

 zpruhlednit testovaci protokoly a porovnat rizné technické metodiky-
standardizace a porovnavani mereni, klinickych studii...



ERS TASK FORCE

The forced oscillation technique in clinical pr
recommendations and future deve

E. Oostveen*, D. MacLeod”, H. Lorino®, R. Farré*, Z. Hantos?,
on behalf of the ERS Task Force on Respiratory Imped{

The forced oscillation technique in clinical practice: hodology, rec dati

and future developments. E. Oostveen, D. MacLeod, H. Lorino, R Farré, Z. Hantos,
K. Desager, F. Marchal, on behalf of the ERS Task Force on Respiratory Impedance
Measurements. © ERS Journals Ltd 2003.

ABSTRACT: 11ie forced oscllhnon hnique (FOT) is a nonii i hod with which
to FOT employ 11 llmde pressure osctlhuons
supeﬂmposcadonﬂlenon'nalbremllmgnnd‘l fore has the ge over

lung function techniques that it does not require the performance of respiratory manoeuvres.
The present European Respiratory Society Task Force Report describes the basic prin-
ciple of the technique and gives guidelines for the ion of FOT asa
routine lung function test in the clinical setting, for both ndull and paednm: populnnons
FOT data, especially those measured at the lower frequencies, are sensitive to airway
obstruction, but do not discriminate between obstructive and restrictive lung disorders.
There is no consensus regarding the sensitivity of FOT for bronchodilation testing in
adults. Values of respiratory resistance have proved sensitive to bronchodilation in
children, although the reported cutoff levels remain to be confirmed in future studies.
Forced oscillation technique is a reliable method in the of bronchial hyper-
responsiveness in adults and children. Moreover, in contrast with spirometry where a
deep inspiration is needed, forced oscillation technique does not modify the airway smooth
muscle tone. Forced oscillation techmque has been shown to be as sensitive as splrometn

ll'l delecung impairments of lung function due to k e to
Together with the minimal requi for the sub;ect s coopennon, this makes
forced oscnllntlon technique an ldeal lung function test for epid gical and field

studies. Novel applications of forced oscillation technique in the clinical setting include
the monitoring of respiratory mechanics during mechanical ventilation and sleep.
Eur Respir J 2003; 22: 1026-1041.
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ERS OFFICIAL DOCUMENTS
ERS TECHNICAL STANDARDS

Technical standards for respiratory
oscillometry

Gregory G. King"', Jason Bates?, Kenneth |. Berger?, Peter Calverley”, Pedro
L. de Melo ®°, Raffaele L. Dellaca @%, Ramon Farré”-8, Graham L. Hall®,

lulia loan @191 Charles G. Irvin?, David W. Kaczka ©'2, David A. Kaminsky?,

Hajime Kurosawa'3, Enrico Lombardi'4, Geoffrey N. Maksym ©®15,

Francois Marchal'®'!, Beno W. Oppenheimer?, Shannon J. Simpson’
Cindy Thamrin @', Maarten van den Berge'® and Ellie Oostveen'’

@ERSpublications

With increasing clinical and research use of oscillometric measurements of respiratory system
resistance and reactance, an update to the 2003 technical standards has been developed by an ERS task
force of international experts http:/bit.ly/2XBJ7PF

Cite this article as: King GG, Bates ], Berger KI, et al. Technical standards for respiratory oscillometry. Eur
Respir J 2020; 55: 1900753 [https://doi.org/10.1183/13993003.00753-2019].

ABSTRACT Oscillometry (also known as the forced oscillation technique) measures the mechanical
properties of the respiratory system (upper and intrathoracic airways, lung tissue and chest wall) during
quiet tidal breathing, by the application of an oscillating pressure signal (input or forcing signal), most
commonly at the mouth. With increased clinical and research use, it is critical that all technical details of
the hardware design, signal processing and analyses, and testing protocols are transparent and clearly
reported to allow standardisation, comparison and replication of clinical and research studies. Because of
this need, an update of the 2003 European Respiratory Society (ERS) technical standards document was
produced by an ERS task force of experts who are active in clinical oscillometry research.

The aim of the task force was to provide technical recommendations regarding oscillometry
measurement including hardware, software, testing protocols and quality control.

The main changes in this update, compared with the 2003 ERS task force document are 1) new quality
control procedures which reflect use of “within-breath” analysis, and methods of handling artefacts; 2)
recommendation to disclose signal processing, quality control, artefact handling and breathing protocols
(e.g. number and duration of acquisitions) in reports and publications to allow comparability and
replication between devices and laboratories; 3) a summary review of new data to support threshold values
for bronchodilator and bronchial challenge tests; and 4) updated list of predicted impedance values in
adults and children.




Main differences between current and previous standards

Main differences between current and previous European Respiratory Society technical standards for oscillometry [1]

New/updated technical recommendations and standards

The ideal forcing frequency when applied to spontaneous breathing is =4 Hz (changed from =2 Hz)

Not using coherence function for quality control and use of CoV <10% in adults and <15% in children

The data supporting the thresholds that define bronchodilator responsiveness by oscillometry have been updated (not
defined in 2003). The recommended thresholds for both children and adults is —40% in R, , +50% in X, and —-80% in AX.
5

z-scores are recommended for future definition of a significant response

3
rss

For manufacturers (commercial and non-commercial) to report device accuracy for measuring test loads

Test loads would ideally include inertive and elastic components

Report testing procedures and protocols, and quality control parameters in clinical laboratory reports and in research

papers

Oscillometry should be performed before tests which require a deep breath, e.g. spirometry, exhaled nitric oxide, and
after a standardised period during which deep breaths are withheld. The order of tests and period of withholding deep
breaths should be reported

Modern analysis tools allow removal of entire breaths affected by artefact, so that an acquisition may remain technically
acceptable, as long as there are at least three breaths remaining in that acquisition

Reference articles (supplementary table E1) have been updated. In adults, two out of six were retained and five newer
reference papers were added. In children, two out of nine were retained and 10 newer reference papers for school-aged
children and one for preschool-aged children were added

Threshold values for bronchial challenge testing, which would be device-specific, should be developed for local
populations

Recommendations that were not included in the current document

Input peak pressure upper limit (still valid)

Use of 4-30 Hz frequency range to explore frequency dependence of Z  (still valid)

Clinical application in respiratory diseases and potential for differentiating disease from non-disease (not within the scope

of the current task force)

CoV: coefficient of variability; R
Hz; AX: area of reactance; Z re?spiratory system impedance.

rs,

Main differences between current and previous ERS technical standards for oscillometry Technical standards for respiratory oscillometry, European Respiratory Journal 2020 55: 1900753; DOI: 10.1183/139

: resistance of respiratory system at 5 Hz; X _ : reactance of respiratory system at 5
5




Zmeny v novém doporuceni:

Nova technicka doporuceni a normy

Idealni aplikovana frekvence ke spontannimu dychani je >4 Hz (zménéno z >2 Hz).

Nepouzivani funkce koherence ale koeficientu variability pro kontrolu kvality, dospéli CoV 10%, déti CoV 15%

Odstranéni dechl ovlivnénych artefakty; technicky prijatelné 3 dechové cykly, pro dospélé 30s akvizice, pro déti < 12 let 16s.

Udavat presnost meéreni pristroje vyrobcem

Uvadét postupy a parametry kvality ve vystupnych protokolech i ve vyzkumnych pracich

Provadéni pred testy vyZzadujicimi hluboky nadech - spirometrie, FeNO, difuze

Aktualizované prahové hodnoty pro BD odpovéd - -40% pro R.5, + 50% pro X..5 -80% pro Ax. Vhodné pouZivat Z score.

Aktualizované referencni ¢lanky, pro dospélé doporuceno 7 ¢lanku, u déti 13

Méli by byt vypracovany nové prahové hodnoty pro bronchoprovokacni testy, specifické pro dané zarizeni a mistni populaci.

Doporuceni, kterd nebyla zahrnuta v novém standardu, a zUstavaji stale platna

Horni limit vstupniho vrcholového tlaku

Pouziti frekvencéniho rozsahu 4-30 Hz

Klinické vyuziti u respiracnich nemoci a potencial pro dif.diagnostiku




Summary of technical recommendations and clinical testing of oscillometry
. 4 A4 Vé
Technicka doporuceni

Dynamicka(klidné dychani) a staticka testovaci zatéz(zahrnuje elastické a inertni vlastnosti)

Podrobnosti o zpracovani signdlli pro generovani impedancnich indext by méli byt dostupné od vyrobcl

Metody kontroly kvality by mély byt publikovany vyrobci
Nepouzivani funkce koherence ale koeficientu variability pro kontrolu kvality, dospéli CoV 10%, déti CoV 15%

Kalibrace denné, doporucena tolerance odchylky < 10% nebo + 0.1 hPa.s.I". Biologické kontroly 1x tydné. Testovaci
zatéZe by mély pokryvat rozsah Z,, ~ 15 hPa.s.I"t u dospélych a ~ 40 hPa.s.I't u déti.

Klinické testovani

Oscilometrické méreni by mélo predchazet mérenim vyzadujicim hluboky nadech
/FeNO, spiro, TLCO/

Zajisténi dostate¢ného poctu dechovych cykll bez artefakt(, pro dospélé 30s akvizice se zdznamem alespon 3 dechu,
pro déti < 12 let 16s. Variacni koeficient mezi mérfenimi 10% pro dospélé, 15% pro déti.

Protokoly méreni, délka a pribéh méreni by mély byt uvedeny ve zpravé

Doporucené prahové hodnoty pro bronchodilatacni testy jsou -40% pro R .., + 50% pro X .. -80% pro Ax. Z score

rs5/ rs5

Referenéni hodnoty pro bronchoprovokacni testy by mély byt posuzovany podle mistni populace a typu zafizeni

erir 4 Lid T s, 4 ToF o 4 T o7 |

—HzAXarea-of reactanee-
- I
Summary of technical recommendations and clinical testing of oscillometry Technical standards for respiratory oscillometry, European Respiratory Journal 2020 55: 1900753; DOI: 10.1183/139




TABLE 4 Minimum instructions to be provided to subjects prior to oscillometry acquisition

Jak instruovat pacienta

Vysveétlit prabéh méreni, dobu trvani a pocty méreni, které budou pr
zaznamenany

Popsat charakter vnimanych generovanych tlakovymi oscilacemi, (bé&
,vibrace” nebo ,chvéni“ v Ustech a na hrudi)

Povzbudit k uvolnéni a ,dychani jako obvykle”
Sledovat spirogram k dosazeni pravidelného dychani

Vysveétlit, ze po pocatecnim zklidnéni dychani se spusti oscilace...

Vysetrovany je sedici, hlava vzprfimena, nosni klip..nohy volné...

Zamezit polykani

Poucit- ukazat, jak zuby a rty sviraji pevné ndustek a zabranit tak unikim

Poucit, aby drzel jazyk uvolnény a pod naustkem a neblokoval tim otvor

Instruovat - predvést nebo pomoct s podporou tvari pomoci dlani a prstl (pomuzou rodice..)




Preparation

Real-time display and patient are constantly monitored to ensure:
Stable, natural breathing (near approx. FRC)
& Patient acclimatised to stable, natural breathing =3 breaths free of artefact, such as:
“E’ on mouthpiece prior to data acquisition Leak
v Swallow/glottal closure <8 trials
2 ¥ Cough
2 . e Irregular or active/forced breathing
Perform at least three acceptable 30-s trials - Negative resistance values
Reinforce good technique and repeat trial when unacceptable and/or
spectra variable
Visual check of individual trials:
manual exclusion of artefact/outliers not filtered by software
%o i <10
ﬁ From the acceptable trials, report: >3 1 b
= Mean absolute and z-score of key parameters | { >3 16-20
a CoV of Rs to reflect session repeatability | .\ >3 >20 and <40
2 Spectra (frequency) graphic if available 2 <20
o Test quality grade <2 >20
>3 >40

Clinical interpretation*

Quality assessment pathway for respiratory oscillometry. Alice M. Cottee, Cindy Thamrin, Claude
S. Farah, Leigh M. Seccombe ERJ Open Research 2022 8: 00569-2021; DOI: 10.1183/23120541.00569-2021




Referencni hodnoty

Table E1. Published reference values for Rrs and Zrs for children and adults.

(IOS) variables.

Table 1 Summary of regression equations for impulse oscillometry

Regression equation

RSD

Fr= 11749 + 4373 h™° + 0103 w

Zrs at 5 Hz = 0-282 + 0-801 h™> + 0-004 w
Rrs at 5 Hz = 0-266 + 0759 h™> + 0004 w
Rrs at 10 Hz = 0-187 + 0:751 h™3 + 0003 w
Rrs at 15 Hz = 0-290 + 0647 h™*

Rrs at 20 Hz = 0-259 + 0630 h™*

Xrs at 5 Hz = —0-123-0-225 h™°

Xrs at 10 Hz = 0:012-0-107 h™> — 0:002 w
Xrs at 15 Hz = —0-049—0-077 h™% — 0-001 w
Xrs at 20 Hz = 0:113-0-062 h™® — 0001 w

3-829
0-193
0-188
0-162
0-161
0-159
0-090
0-067
0-065
0-056

Body height (h) in metres and body weight (w) in kilograms.

Dencker M, Malmberg LP, Valind S, et al. Reference values for respiratory system impedance by
using impulse oscillometry in children aged 2—-11 years. Clin Physiol Funct Imaging 2006

Table E2. Threshold va|

Study

Authors year n ethnicity age setup
range
(yrs)
Children
preschool
Hellinckx [33] 1998 247 Cau 2-6 108
Malmberg [34] 2002 109 Cau 2-7 10S
Shackleton [35] 2013 584 Mex 3-5 i2M
school
Frei [36] 2005 222 Cau 2-10 1I0S
Ducharme [37] 2005 197 Cau 3-17  Custovit
Dencker [38] 2006 360 Cau 2-11 10S
Amra [39] 2008 509 Iranian 5-19 10§
Vu [40] 2008 175 Viet 6-11 In-house
Nowowiejska [41] 2008 626 Cau 3-18 10S
Hagiwara [42] 2013 537 Jpn 6-15 108
Calogero [43] 2013 760 Cau 2-13 12M
Gochiocoa-Rangel [44] 2015 283 Mex 2-15 108
Kanokporn [45] 2017 233 Thai 3-7 i2M
AlBlooshi 2018 291 UAE 4-12 tremeFlo
Adults
Landser [46] 1982 407 Cau - In-house
Pasker [47] 1996 140 Cau 21-81 In-house
Guo [48] 2005 223 Cau 65-100 Oscilink
Brown [49] 2007 204 Cau 18-92 In-house
Oostveen [50] 2013 368 Cau 18-84 multi*
Schulz [51] 2013 397 Cau 45-91 10S
Ribeiro [52] 2018 288 Braz 20-86 In-house

Helinckx 1998 [33]
Nielsen 2001 [53]
Malmberg 2002
[34]

Thamrin 2007 [54]

Oostveen 2010 [55]

Calogero 2013 [43]

Table E3. Threshold values for bronchodilator response derived from healthy adults.

Study n*  Drug(dose) Cut-off

Houghton 2004 (salbutamol 12 Salbutamol Rrs5: -16%, Xrs5: +27%

800pg) [56] (800 pg)

Houghton 2005 (ipratropium) 12 Ipratropium RrsS5: -23%, Xrs5: +19%

[57] (200 pg)

Oostveen 2013 [50] 368 Salbutamol Rrs5: -32%, Xrs: +44%,
(400 ug) AX: -65%

* n: the number of healthy adults who received bronchodilator

Bronchodilator response is defined as ((post-pre)/pre)*100.




Clhinical evaluation of test results

Contra |

ndication

RS Airways resistance - abnormal if = 140 %% of predicted

A5 Lung reactance

Contra im

Bronchi

Reversib

Frovocat

Small airy

- abnormal if (predicted — X5) = 0,15 kPasL’

Al otimn oc crmmn oc BE apaAldaner WE n abnoronal romeso
Parameter Normbereich Bronchodilatation Provokation
R5 <140% Soll Abfall > 40% > 40% (Lauftest)
PD_,,R5 (Methacholin)
X5 Differenz (Soll — X5)
<0,15kPa's'L™
Di5-20 -0,23 kPa's'L™'
bzw. —0,65 Z-Score
AX -2,14 kPa's'L™’
bzw. —-1,4 Z-Score
Fres PD_,sFres (Methacholin)
FEV, > 80% Soll bzw. >12% & > 200 mi Abfall > 10% (Lauftest)
>—1,64 Z-Score PD_,,FEV, (Methacholin)

Schulze J: Klinische Anwendung der Impulsoszillometrie bei Kindern. Atemwegs- und Lungenkrankheiten, Jahrgang 47, Nr. 8/2021




Zavérecny protokol

DEPARTMENT:
HOSPITAL:
PATIENT DETAILS:
Name: Height (em) Physician:
Sex: Weight (kg) Technician:
Date of birth: BMI: Smaking history:
Age: Ethnicity:
Date of testing: Time of testing:
Forced oscillatory mechanics ( 4710 0-s-L7") /\
Predicted LLN ULN % of Baseline Z Score Post BD Z Score Absolute % Change
\ /| predicted change
— — g
Rrsb
Rrs5(insp) 7 N 7 N

Rrs11 Respiratory scientist's/technician’s/therapist's comments: including umber of acquisitions Jnade{ how many were used Ind th
Rrel9 of variation of Rrsb. Any difficulties with testing can be noted here, e.g. ditigylty with mo eal, ton osition, che pport, ety
rs

/

Rrs5-19 Graphs of Rrs ang/ Xrs. Graphs should show Rrs and Xrs versus oscillation
Xrsb requency. 95%Confidence intervals would also ideally be shown on the graphs

Xrs5(insp)

Xrs11 Clinical details: reason for test
Xrs19 Physician's report:
AX
Fres
vol: pre-B post-BD: Resp rate: pre-BD: post-BD:
Reference values a} those of XX et al and of YY et al. /'\
chodilatop#frug and dose) )

A significant change in Rrs with bronchodilator is XX hPa-s-L"" or cmHZD-s-L"or XX% of baseline (reference)

o . . ) . . Qodel, firmware release number:
A significant change in Xrs with branchodilator is XX hPa-s:-L " or cmHZD-s-L"or XX% of baseline [reference)

ilter model:

gyisition and Qualj

Control: (1) minimum number of acquisition - XX of Xs, [{] artefact identificationjby XXX, (3) artefacts were handled by XXXX.

Parameter calculation: average of at least 3 acquisitions ofcoeff-icenl of variation <107 feeertt=and 15% [children).
Verification: daily impedance verfication [¢+10% or +0.1hPa-s:L"!, whichever is greater). Loads used and date and time of last verification.
Signal processing: [method of impedance calculation, window length, overlap, filtering, ensemble averaging, breath

detection method, method of AX calculation.)

erial values:
Date: Rrsb Z-score Rrs5 Z-score Xrs5 Z-score Xrsb Z-score
(pre-BD] (post-BD) [pre-BD) [post-BD)




CLINICAL REPORT FOR PFT LAB TECH
RESMON 20000003 21.3.0 —report generated on 19/04/2022 07:25 by ADULT
s o :
Y3864 CRly - t'elbni_zstrasse 7 V . Surname: 452 Name: 0 1D: 452
AN 204 ktpernheigrd-gihnizstr <
X : ez 2-6! HHZSU25%831) 4972-423 4 c ; . . . S
Phane: +49 (931) 4972-0, Eax: +49 (931) 4972-493 bt EIEECEE= | )yl Eidsze | [ Exhniciy BRCADEASIAN
Pfijmeni: Novak Identifikace: 8512021452 PRE BD—POST
F hjméno: islav _lctifi .
’Sfﬁﬁ{ghl i N@Q@kﬁ M%!fl'(tgl.kace' 61301452 M(CV%) Zscore  Ypred(pred) M(CV%) Zscore  Y%pred(pred) CHG
Bretstm meéno: . deEE!LVQSS oSt e 16.20
ahlfm, arozeni: e rapiost: R Fres insp 26 a4 28.01 310" 225.70% 1137 13.97 0.46 112.58% -50.12%S
onlavi: . u - £0.4 19 . B
Bafliay harozent: 02f2.1085 motnost: . %(g . [H 2] 260na  (10:41%) (12.41) 143a  (17.42%) (12.41) (-14.04)
Pohlavi: muz . . BMT; . . 26 kg/m o 3
Impulznioscilometrie / Spirometrie g z AXinsp | S17L 20.44 Lo 830.84% e 6.01 o076 171.54% 79.57%
B - - = =g oo (14.43%) : (3.51) : (41.24%) . (3.51) (-23.42)
Impulzni oscilometrie 2 28.01 e
R X 107 FIV ex E
kPa*s/I kPa/(l/s k=] . . .
Y = os Z5Hz 8  Rs-10insp R 2.04 - by 0.41 - -79.96%°
N Da/(l/ emHa - o - _ - o, - _ o
L B, (2_53 v [emHae) 226 (12.43%) 0.48 (43.83%) (-1.63)
o120 03 57/05 ]
l 5.62 4.10
. 5.22 H 164.31% 3.68 115.88% -20.48%S
tol] ot lllse = obj. = R ;';g (854%) 7 (3.18) g':g (10.03%) 956 (3.18) (-1.54)
115 o1 1 2 ‘3”‘ /f 5 £ 7 Vlé =5 5.25 3.04
- {1 = - o, - o, B 0. G
o —— 0975 6.0 20 20 00 E =) Rexp 4.96 (5553/) 1.80M 1?5?;;)/0 352 a 13.39&) 0.83 1%;.5,:)/0 2:,16(23 gA),
: 03 5[0t RV WA ERV ] EE 5.55 o ' 4.42 e ) :
1.0 L — 5.42 4.01
: — . 5.24 164.88% . 3.81 120.01% -27.21%%
. 0. 75 - H
og o G % % ® 3% ©°° 01 5 - objem [rizis ;'2; (6:16%) | 188 (3.18) g';; (8.49%) 299 (3.18) (-1.43)
F Hz 104 5 H
05 Odporové a reaktanéni spektrum KFvka pratok-objem -1.77 o -0.54 9 0/ G
03 v Z5Hz — Xinsp -1.53 -1.66 3o7m 999.99% -0.05 0.34 0.46 219.80% 79.71%
L S I kPa/(l/s) = _1.68 (-0.15) _0.42 (-0.15) (1.32)
Nal. Nal. LL Nejl. %Nejl. Z-skére 25Hz4.072.0 B - i
108 KkPa/(l/s) == -1.58 o, -0.52 o/ G
R5Hz  kPal(lis) 0.27 0.13 0.31 115 % 0.44 2.02.0 = o Xexp -1.61 -1.70 -3.33% 993'?@" 0.01 -0.43 -0.69 233"?;% 74?;':
X5Hz  kPal(lls) 001 013 -0.08 630 % -1.05 RPN Y ;EE _1.00 (-0.15) _0.80 (-0.15) (1.26)
R20Hz  kPal(lis) 0.23 0.11 0.29 124 % 0.78 1ol T 8, -1.66 -0.53 c
vr I 054 0.54 0.71 133 % 20 Xtot -1.57 -1.68 330n  999.99% 0.00 -0.38 056 200.86% 77.42%
Fres 1is 10.16 Sy , -1.80 (-0.15) -0.61 (-0.15) (1.30)
AX kPall 0.18 0.04.0 v
D5-20% % 7.47 '3 ‘ 800 60 IRV“’“-O R\Z/” " 30 — ;';’g 4.34 oL 129.45% g'gg 3.49 e 104.11% -19.58%°
Dis-20  kPa/(l/s) 0.02 5 L&Y ___RAERV] = : 7.85% : 3.35 . 5.15% © 3.35 -0.85
X cosHz 0.8 \ CalBl,y trclm— NS e ¢ o (32 =1 ( ) 339 ¢ )
. pn =
CO20Hz 0.8 Z5 - objem = 4.27 o 3.58 - R 0, G
Dstage 0 ol ” e Rexp a03 %, oes 1 '357)A 336 ho) o030 (] ';g)ﬁ l(f'o“glﬁ),
v : : SEp el q B Normaini ) 4.36 - ° . 3.89 ) . ) i
F Spirometrie I kPa/(l/s) g
pVEIN 1 4.71 3.79 3.85 82 % -1.53 49120 M ﬁg - R :'gg 4.28 0.98 127.66% gg: 3.54 0.22 105.75% -17.16%<
FvVC 1 4.52 3.51 4.03 89 % -0.80 Re [Pai(ls)] Le [kPa/(ls)] tot . 5.68% . 3.35 - 4.690% - 3.35 _0.73
D FEvA I 378 204 3.10 82 % 133 20115 4.42 ( %) (3-35) 364 ( %) (335) (-0.73)
D FEV1%M %  80.73 68.94 76.97 95 % -0.52 -1.08 0.20 oc
¢ PEF Vs 904 7.05 8.22 91 % -0.68 [ Xinsp _0.74 _0.87 Bl - 0.95 0.61 R - 170.13%
MEF75 Iis 7.77 4.96 7.39 95 % -0.22 = -0.80 - 059 - (1.48)
MEF50 s 498 2.81 3.48 70 % 114 -2. oy
o MEF25 s 216 0.88 0.79 37 % 175 i - = -0.95 _ 0.06 _ 124.14%S
& MMEF Vs 445 274 2.63 59 % .75 a1 3 Xexp -0.90 -1.02 - . 0.79 0.25 - - (1.26)
0 e 10 im 20 3a60 = -1.20 -0.11 :
p [kPay(lis)] TVEl Ers [kPa/l]
Datum 27.00.22 - anf graf g 1.01 0.16 e
Cas 22:16 UL Xtot 083 095 _ - 087 0.42 . - 14(4]: ?33??
K emenidisr 101 - 0.24 - :
H Value out of predicted range according to selected prediction equation
G No data about normal between—session variability at this frequency are available . -
J Resonant frequency calculated by linear extrapolation of the values of Xrs at 11 Hz and 19 Hz. AX calculation limited to 37 Hz.
Notes:
1I0S_Fv1i Vyntus I0S 1/1 - Patient referred with a previous diagnosis of ASTHMA. Breathing pattern (Ve <15 Lis) and within ion ility OK.
- PRE session results: R5; X5, Fres and Ax outside normal ranges during the entire breathing cycle, suggestive of mixed (peripheral + central) impairment.
- CONCLUSION: mixed airway obstruction with significant and complete response to bronchodilator.
o e




TEST DATE 27.07.2022 9:55 TEST DATE 27.07.2022 9:55
REPORT DATE 23.09.2022 14:07 REPORT DATE 23.09.2022 14:07
. . CODE 000000 . . CODE 000000
MR Diagnostic LAST CALIBRATION _ 27.07.2022 9:53 MR Diagnostic LAST CALIBRATION _ 27.07.2022 9:53
PATIENT  Test, Test SMOKER  No TITLE Standard Test OPERATOR COMMENTS
SEX Male HOW LONG 0 years TEMPLATE  Airwave Oscillometry peforance Test © v s Abs. Diff. % Prod " o s
AGE 31,5yrs HEIGHT 185 cm WAVEFORM ~ AOS 5-37 rONCR average core fhs DI men
DOB 08.02.1991 WEIGHT 72 kg PHYSICIAN
PRIOR MED. ETHNICITY Unspecified OPERATOR  halinka COH37 0.995 0997 0891 0997
Rs 0.15 fres 8755 10392 03586 3,451 1,637 1187 10622 10575 9,979
1,00 r Hz
kPa.sfL Ref.: 0,18, Z: -0,6, CV: 12,8 AX 0,980 0,164  0,02553 15,6 0,7335  0,06763  170.4 0,188 0,166 0,137
NS . krar,
R VT 0,561 002041 5239 0,534 0592 0558
0,80} RIB 2 0' 1 5 L
kPa.s/L Ref.: 0,20, Z: -1,2, CV: 7,0 R5-19 0,020 0,005 0,6669 0,016 0005  -0,004
T 2 kpas/L
R5-20 0,020 0,005 0,6347 0,017 0003  -0,006
0.60F - -19 0z 0’013 kPa.s/L
i kPa.s/L Ref.: -0,02, Z: 0,7 X5 Difference -0,006 0,012 0,005  -0,001
| KPasit
5 0z
o0l Xs -0,06
. kPa.s/L Ref.: 0,05, Z: -0,2
-3 0z 3
0,20
Xis 0,07
kPa.s/L
0,00
fres 10,39
Hz Ref.: 8,76, CV: 3,5
AX 0,16
-0,20 kPa/L Ref.: 0,10, 2: 0,7, CV: 15,6
) 3 02Z 3
B Resistance
-0,40 | ® Reactance VT 0,56
kPa.s/L L Cv: 5,2
'l A L A A '] A A A
] 5 10 15 20 25 30 35 40
COHs 1
Frequency [Hz]
1 QostveenE. et al. ERJ 2013 1 OostveenE. et al. ERI2013
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Vyrobce

Resmon Pro Full V3 (FOT) Thorasys

Restech, Italia — prodej pres zastoupeni MGC Diagnostics, USA

Princip metody Technologie ,True Forced Oscillation Technique” (Forsirovana

Pouzité
frekvence

Denni kontrola
zatizeni
Specidlni
unikatni
vlastnosti

oscilacni technika), je zaloZzena na prekryti normalniho klidového
dychani oscilaci generovanou
v reproduktoru. K méfeni staci 10 klidovych dech(. Vyrazeni
nefyziologickych dechl v redlném ¢ase pomoci vizualni kontroly
po testu podle doporucenych technickych norem 2020. Sinusovy
prabéh vin s automatickym nastavenim sily stimul( béhem testu,
které vyhovuji posledni standard(im..
3 rezimy:- 5-11-19 Hz,
- jedna frekvence 5 Hz (dospéli s vysokou obstrukci)
- jedna frekvence 8 Hz (déti, dle novych Ped Pulm 2022
nyni také 5-11-19 Hz, )
+ tradi¢ni pseudondhodny Sum 10 frekvenci (idedlni pomér
signalu k Sumu)
ANO. Jak pro Xrs, tak i pro Rrs se specidlné doddvanou,
kalibrovanou TESTOVACI Sondou
* Pristroj mizZe byt pouZzivan jako samostatné zatizeni bez
pocitace (Stand alone device), obsahuje USB port
* Prehledné znazornéni vysledkovych grafu
* Snadno prenositelny, pouzitelny i u IGzka tézkych pacient(
* Vhodny pro détské pacienty od 2 let véku
* Snadné vysetifeni pomoci 10 klidovych dechl
* Automatické vylouceni neakceptovatelnych decht
* Automatické nastaveni stimulu pred kazdym mérenim podle
impedance pacienta
* Moznost spojeni s modulem FeNO+SPIRO do systému Astma
COMBO
* Velky dotykovy monitor
* MozZnost méreni pomalé vitalni kapacity a inspiracni kapacity
pro detekci a sledovani HYPERINFLACE.
* Patentovany index ,Tidal Expiratory Flow Limitation ,,(EFL)
* Unikatni méreni ,Closing volume* a Xcrit
» NEOMEZENY vystup dat pro vyzkumné Gcely v CSV/XLS,
vysledky a nezpracovana data.

THORASYS Thoracic Medical Systems Inc.

10S Vyaire

Vyaire Medical GmbH, Némecko (dfive Carefusion, Jaeger)

Oscillometry (Forced Oscillation Technique) Impulse Oscillometry (I0S)

kontinudlni sinusové viny o rliznych
frekvencich od 5-41 Hz

AOS 5-37 Hz (dospélé)
AOS 7-41 Hz (détské)

* Uzivatelska jednoduchost

* Graficky vyuziti zobrazeni vysledk

* Nahodné generovany signadl ve tvaru
sinusovych krivek (prijemny pro
pacienta)

 Uplna spektralni analyza a 7adné
harmonické zkresleni

* Technologie oscilatoru na principu
vibrujiciho Mash systému

* Nizkd vaha pristroje pro jednodussi
manipulaci a moznosti méreniiu
leziciho pacienta

* Kompatibilita se SW BlueCherry
(Geratherm respiratory) pro lepsi
zhodnoceni pacienta

Pravouhly tlakovy impulz obsahuijici sinusové viny o vSech
frekvencich od 5 Hz do 50 Hz.

« automatizovana kontrola kvality méreni

+ automatické odmitnuti artefakt(

+ automaticky vybér nejlepsiho méreni

+ lze i manudlné, vizualni kontrolou

Poskytuje intra-dechovou analyzu pro vSechny spektralni
frekvence v rozsahu 5 - 35 Hz,
kompletni spojité spektrum pfi zobrazeni R, X

Kalibrace pritoku a kontrola Rrs a Xrs referen¢ni impedanci

+ Graf impedance-objem - detekce zachyceného plynu v
dychacim traktu (closing volume)

 interpretacni graf I0S je celosvétové prvnim grafem fizeny
interpreta¢nim algoritmem.

+ automaticka klasifikace stupné postizeni/obstrukce

« automaticka textovd interpretace

+ moznost doplnit spirometrii pro kompletni diagnostiku

« moznost pripojit I0S ke vSsem pfistrojim Jaeger



Resmon Pro Full V3 (FOT) I0S Vyaire

Hodnocené VSechny mérené parametry v rdmci dechu INSP,  R5, R7, R19, R20, R5-20, X5, Fres, R5, R20, AR5-20%, DiffR5-R20, Ax, Fres, VT, X5
parametry EXP a TOT Rrs a Xrs (5, 11, 19 Hz), R5- 19, Ax, Fres, Ax, Vt, RR a dalsi. Rrs /Xrsv 5, 10, 15, 20, 25, 30, 35 Hz, IN/EX a dalsi
UNIKATNI ,,Expiratory Flow Limitation Index (spirometrické VC, FEV1, FVC, MMEF, MEF25,50,75,
(AXrs)“ a vSechny parametry dychaciho vzorce. AEX...atd.)
Hodnoceni centrdlni  Prostfednictvim parametrl Rrs, Rrs 5 Hz (méfeno Vysoké R5, normalni AX, R5-R20 Vysoké R5, R20
obstrukce béhem dechu INSP, EXP a TOT) atd. blizko k nule
Hodnoceni periferni  Prostfednictvim parametr( Xrs, Xrs 5Hz (méfeno  Ax vysoké, R5-R20 vysokeé, krivky R5 vyssSi nebo normalni, patologické X5
obstrukce béhem dechu INSP, EXP a TOT) + R 5-19,Ax rezistence a reaktance jdou nad AR5-20% > 30-35%, DiffR5-R20 > 0.08 kPa.s.I!
limity normy
Normalni hodnoty Podle technickych standard(i oscilometrie 2020  R5 normal, R5-R20 blizko nule, Ax R < 140%, X5nal
(tzn. Xrs a Rrs pti 5Hz) normal, kfivky jsou v oblastech
normy
Pouziti Z score ANO. Pro Rrs a Xrs podle technickych standardd  Ano, u vétSiny parametru Ano, Z-score pro parametry R, X dle Oscillometry 2020
publikovanych v roce 2020 v€etneé spirometrie
Hodnocené Podle technickych standard(i oscilometrie z roku  Vysledek je na Iékafi, ale doporuceni Doporucené: (R5-R20) -25%, Fres -20%, Ax -40%,
parametry pro 2020, Rrs a Xrs pfi 5 Hz (insp, exp a TOT). je R5 klesne o 35%, AX klesne >65% DiffR5-R20-0,04 kPa.s.I* FEV1 +12% a 200ml|
bronchodilataci
“ pro provokaci Jakykoli parametr, doporuceno Rrs INSP pfi 5hz Doporucené: FEV1 -20%, R5 +40%, Fres +35%
Pouzité nalezité 2013 ERS, 2013 Ped Pulm, 2022 Ped Pulm, etc. Pro dospélé: Oostveen 2013, Brown NaleZité hodnoty pro subjekty od 2 let do 98 let
hodnoty 2010 (Vogel/Smidt, Dencken/Malmberk,
Pro déti: Calogero 2012, Berder/Lechtenboerger....)
Nowowiejska 2008
Pocty pfistrojd vCR 3 36
Pocty pfistroju v Cca 500 ve svété Velké vyuziti TremoFlo pro studie po vice jak 4000 ve svété

Evropé celém svéeté



Dékuji za pozornost




