| e k . Mari a Wawszczak

CzynnoSciowa ocena obwaddwy eftidrz

ast mN

Rozprawa na stopieEidmkatukr a0 rmzadu ko wme

w dyscyplinie nauki medycCczne
Promotor: dr hab. n. med. Joann
Prompobmobcniczy: dr n. med. Agni e
KIl'ini ka Al ergol ogi i i Pneumonol og

War szawskiego Uni wersytetu Med

Q\'\&\Y Na g
R &
QW %
= s
= N
¢y
*wom "

Obrona rozprawy doktorskiej przed Ra

War szawskiego Uni wersytetu Med

War sz awa. 202



{026 (Y dODBA¥ES 2062R26S RNRIA 2RRSOK24S>
2308f2YSUN®I AYLMzZ a26 |

YSe ¥2NRIAKYFIZ LISNRALKSNIE FANBFI&a® AySNI 3l &



{SNRSOTYS LRRIAt|1296
t FARNJ KFod y® YSROIW2I Y
t YA RN YOYSRaE ! 3y,
t I YANJ WFR6ARI S 52Y
TILR2Y202RNB{t YSNRG?2

LI2ROT & LAAFYAL YAY.



281FT Lzt AllFO2A aiGlry2sAn0e0OK LI

21 541 OT 1] az WSNEIRADER[AS WOS(i2RE 68 LI0dZLAG) Y.
Ol eyy21 OA2¢6S2 LI @B L! dawl 'RT ASOR PY! T T o
R2ZAP2ZNAKMAPMAMCK2SPLISLR PHAMT Pnodnnp d

21 a1 O1T ] axX VYdzZ dzaz a>X tSNIRT &@zall Wod t SN LK
asthma exacerbatiorClin Respir J. 2022 Feb;16(2)194. doi: 10.1111/crj.13456.

21 a1l O1T ] aX Ydzdza axX tSNIRT@zail W S5Al3Ay:
measurements in paediatric asthma control assessment: a pilot stedgtepy Dermatol

Alergol. 2023 Dec;40(6):747Z8. doi: 10.5114/ada.2023.133831.



b4

[ LA & GNBT OA

L LIA A DNBL O A ettt e, p

281l aG2826.LY.20K.  AL.NE.L5. G, T

L0 NB 8 L O Sy A S ettt M N

{ AZY Y LN B a e e e e MO

YK T T ¥ I O OO M C
Mmdm 558Uy AO2FY SLARSYAz2f.23ALZ. . 1.0.LagUl.ELOQ2Lvt adYye
M®H . dzZR2gl dzZl OF Rdz 2RRS0K2¢S5325 RSUyAaAO2l 2N} 1T OKI

=l = RSN O N G- A=Y 0 X - TR M o|o
Mbo t G207 22t23AF TYALY 6 2062
mMmon aSi2Re LRT gLt 2n0S yI 20Syt &ailydz OlL.eyy2T1 OA:

M PN DIMLIA NP Y. S NI Lot HO
MPT PH2Z RE LI SU 81X 2 3NE Uk, H N
MPN Ppad OB f 2YS T NRL...2ZRRSEOK.2 4. H N
M®n ®dnS 2RI g8 LI0dZA. A4l Y Al . 3Ll 5 G i HC
Mon dpOSy I aGtdSyAl GfSyldz Ll2Gdz. 4. . LRAASHNI dz @&

Mon dtc2 Radzy26l yAS LI NI YSiINsg Ol eyy21 OA2680K 206

2ZRRSOKBA.S.T 2. ettt en et seenans HY

MOp %yl OT SYyAS 20662R2952 aGNBTe dzl OF Rdz.2RRBOK2 6 S

M®DC [ SOT SY AS L Bl B, 00
MOT %l 280N Sy AS. ALY 8 e, op
Mot S Uy A 02l A Of ByY.yAlA  adl.al L2008 .. 0p
HO 2 020 SY AL A OSL. .S LINL.OB. e, ocC
0@ AaSU2R2E.ZI AL, oc
LR T S o WO A0 O U0 OO @ 1= PR nn

O =
~<,
<,
NJ
O
>
No
=
»
B
5
5.
o
&
N‘
E
S
£
5
S
o |

om 21 gal Ol |-1 ax tSNJ-mézml- Wod %l at2a26l yAS Y

nou 2 gal Ol ] aX YdzZ dzA aX tSNIRIT&@Zail Wo t SNA LK
FaGKYl SEIFI OSNbloa2yd [.LAYAOLf. . .wSALANL.L2NBT W2 dZNY

ndo 2+ gal O] a3 YdzZ dzA aX tSNIRIT&@zail Wo 5Al3y:
YSI adz2NBYSyida Ay LI SRAFGNRO | &@RkaYilt L2 ySiONBYEF (25 25

I ST N B = T 15 VO N ¢ SRR URE USSR non



PO t 2REAZY 2 8Ly A S YA 2 AL Ao CH

%IA2RIE 12YAA2A.0A28 0800 082 e, c
hil 6Al ROT SyAl ¢aLlk.0kdzi.2Nk.g..L)dza.f.A.1.L.O2A. . ... TN
P AT YA SYY RO Z2.Yo ettt y n



I ¢ {

I 51

C9CHpP

C9&p

Co9CrTp

C9 AQHp

CSbhpn

CSbhltg@

231 1FT &aG2az2el yedoOK &ai N {
L4 G K& Ily GRS &8 y ( NRif YA

' YSNAOIY ¢K2NEQARDIFI ZADAS(@201 NJealog?
INBF 2F NBEF OGO Iy2B A SNI OKYyA LIR2YAt RI @
Oftatz2zNSRg2lya@RB N

KAt RGAKRElY ((RHES 82 y ( NRifYR dz RT ASOA
| SFNI FRABI A4S I yRY MINRE O Sy o NgRY (0 N2 A
Y%l LI2O6ASIAFYALF [/ K2NRO2Y

OKt 2 N2 b d2 N@ Of- NRIRD/azF NP

RN#J2 6 RS NDAYWKKHHEEFSING N 4 dzOKS32 LINRal | dz
9dzNR LISy wSalodmpisem |AS0Gwe NI eais?2
PNOSR SELANI(2NEYI62s2Vé wIN:SI2Oe C+4
YASNI 2ye yI LRITA2YAS T1p:r ylLitozySe

P NOSERLIA NI G2 NE b2l o 2p/@: LINT SCI®ER G 6
YASNI 2ye yI LRTA2YAS pr:r ylLitodozySe
BPNOSR SELANI (2NEyY 62p2Vé LS8 C+d
YASNI 2ye yI LRTA2YAS uwup:r ylLitodozySe
PNOSR SELANI (2 NEBT phi:2 gordi$ 0@ 8y LINGS LI
geRSOK2g6e YASNI2yeée LRYAtRI & wup: |
dbeOrAz2psS2

NF Oo2y VBHKBIORE pHAfOWSBYAS Gt Syldz |
L2 6ASGNI dz s ReOKIyeay

I f OSSR OdN2 Yy 2yR (| ERMENT PIGCOKSNBET BB A |
Gf Sy | dzLRgA BN d2K | y e Y



o AN

C9+wm PNOSRANRIANES Ay @S 0202wt 02106 ¢
LIASNBal 2aS1dzyR2g1I

C9+MKC+/ No2 2F TF2NDIER ISBLIMNI (2 NBSO2Yy R (12 T2
di2adzyS1 ylratroz2ySe 2062t 21 OA @&8RSOF
yEidtodoz2ySe LlaSyyz21 OA de0Az2gSe

cCw/ Tzy Oo BRAIATRDARUHER &Iy 2T OA 261 LI22SYy2106 1

CNE & NJa2yFINB | B8y D@2 Gt A 62106 NBI 2yl yazsl

Cx/ PNOER LI BRGRO2Y T LI22SYy210 080A261

DL Db ! Dt 20l f LyAalZo @B ATANIGI & LKWNIO2F 1&gl vy
ladye

L39 NYdzy2 3t 23 dztvhizy R 39 206 dzf Ayl 9

L D2 N SBI@l a4 K& 26RILIOdzl A g YAl 3155

| C! K RNE b dz2 BKERIRINRIbWE NB | 1 | Y

L h{ N LIz A t (3220 NBY SR 12 & |

[ 1. f 21 ®o y I 1t ARREIIT2 REAS TFMITB O & |

[ ! al f 2 Boy3d Ydza Ol MRYPEALRIUARBBYREBDOE f S

LINI SOA6OK2f AYSNHA Ol ye&
[ /L fdzy@ SI N¥ RBEB | T yAl 1fANByadz LIOdzO

[ ¢ w! 8dzl 2 G NA Sy S NELY/SILIIE2NORGIIIN A RI A &
f SdZl 20NASy2¢6S32

a.? Ydzt oe NS G K Ay SNYiS BXRILIBHA KB HA A 3Tl 1T 5
GN} 1OAS 6AStdz 2RRSOKs 4

- v o~ A A~

aal! b YIda YSRALFLY | SNEBRYIYAOI RERY S ®8NJ
I SNPReyl YAOT ySe 0Oil naidsSoOl 1A

aoyY Y ANIY S (i NJ

aat YSGFEt2LIMBGEAZFLINBGSAY T |



t 9C
LJa 5L

wp

GDY{

21 h

VA ONESoyNB | (K gEBBAdziv e 0®aa A 61 yAL 1 2

gAStdz 2RRSOKs ¢

LS F LIA ND2GGANE @268 LINI SLIVegs 68 RSOK26
LBIB & & dzNR T 1R AWK RGO 2 NJ OAT yASyA2ge@
NJaAadl y13 NJGLINd L& p o T

NDaA &G yEeeSls NI LING BT Hall

FNBIjdzSyOe RSLISY:REY QPR NE B2 RREDKOB &
LINDBt ad2dftim oed IOA p

NJa A Rdila®oSet G216 T FHES3Fanol

NJoe 2 F NBE@ARaANS (2 (2 Chifzadognsl @lolalt @)
IT1tS3arendog2oR@S2 L1aSyy21 OA LJodz0

a K MO o o/ A F2 VIANSGGZ] 2 R & drvow Y2ST@ |

NRSE 2F | OAYIN QOS&#& | bRYaqs NE2 ¥zD 13§
gSyaetl Gax O&Sad NS U

Ay BNISIol B KERahl 68 LI0dzl a 6 MR OBE 1 BId2 SRE
2 RRSOKdz

NRSE 2F O2yRdz0s 0SS 3y a t FREAAU NB S KZB 2
gSyietl GaNi 662k NBOS2

dIJSOAUO | A NELIE NIND & 2RRS

o
©Ox
Q.‘\
e
]
O«
&
D
P
zZ
&r
L

26 (0L DRSS YYyRABA 24|
g2 RSOKdz

YASNI 2W I LINJ

R ifz/d@ LI AT R206AG1 LI22SYy21 06 LIOdzO0
AUR LI DABBYY210 080A24!
JftA1212NIe12a0SNRPAR g1 ASsy

22 NI R | Skt (K ANBG2AIT HeNeB AT F 02 %R



Streszczenie

L AGYlI aC@RANI BlYyUISRdz 2 RRSOK2 ¢ SEEZZAXORDNR | OF NE
LINI Sot S§UPBER f yS3T2 206S2Ydz2n0S3azT o WS YRNIag oA
OSYy G NI f yS 2ANI2 0 s2IRNBHAS B ILzOKSNE @11 2 & Néd DA MITA 12 & i
YyIdzZ26S &l N6y D0 tNREIMAIA 6 2062R26S82 &N
2RRSOK24 8523 | yOOKNRBO6| 2RNRPOYR@OKE BNRAENRERRSOKE &
I & oY\ | @B BRI Ve OK R 20iGBSE1en a0l & y2y0261 20226 K2 R NG
2RRSOK2 68 O0OKeyY RealdNRodzO2A g¢gSyGetl O2az2Sa@az RI A
ITF2a0NEBYDBYOSYE RdaypPR®R2¥ & OK RNl @8z PRRR8OSKAH 5O
TyrOTyey yIFartSunvyey Y2odl ¢R26a (1 NOT 86 ODKy & OK
LI 6201 22t 2883y aANRY A OORYNRPOR D2 § £52RT ESE NRI NBRS
2RRSOKFHG2D2NI T AS (1EAYyAOTl yey lFratdyYy®RzB8RaRBE yyS§
GSNFLIAA 61 ASsySas &1 01 S3aAst y VP DAFHREGH s NB & G 2
a1 dzi FOd GMERINZD yRDIKO® 2ARNSNIA L2461 YABye SOOI Sgalty
Y20S LILIN} A0 &1dziSOTy2106 GSNILIAAZT TYyaAaSeaal
TFT2320NT SZ OK2NRoO&OD

Py

QX

t2YAY2 NRaynosSa 1T gAlR2Y21 O0OA 1Tyl OISyAl 2
LI 6§23SySTAS 2Nr¥T 20N}YTAS (1fAyAOiyey lFadvyex
aill yRINRE2SSEWRH Y RGBSy (s . N1 25Sad NxsyrASod
5202 N NRIBALRY A BRYRBE 2 DOKe TR ASOA 1T Fadyno

/| StSY NBITLIN}Yge o0e02 1ToFrRFEYAS 20S0y21 OA A

2RRSOK2 68 OK di 2R1IANRGA2 ol yIEsl Wik S 1 2 ySivNE GLeNel e/ N 2 |
[t

aliz2azol yAXSRINI FYYRT OdpGe®dK 2RRHIOKFAE&YI2X
02ReLIS Shel Y2aINIUAS 23808t 2YSGNRA oA YilNdz] A ES B2A

2RRSAGKs di 1210688ANJ e RILIYRHYOS\iNs 6 2062R268 OK RNF 3
Y2YAU2NRGlIYyAdz 12Y0UNREA OK2NRoOEO®D

2 LIASNBAT @Yy ol RIFIYyAdzZZ 2L NIiévYz3wlax yRE 6dzaS

gSYy i MSHIGRND 6 LI0dH AGNYRAOA S| 65 B ERSEFRI ARSI A S 6
RAFIy2aie0S LI O2¢§(8 KR BISRA &8I NB DRy 8 &K 2582 G OD
2ya&T O SENX y®BISRYISY A S ylI B8 YySkEsy® ¥ 4t LS 2 @H2 NiBS

M



> A ~

YSG2R8ASNRI 2y 25 0SS dz RTASOA T lFadyn geadat L
2002R2680K RNR3IIOK 2RRSOK2280KX geyAall anos
NBY2RSHRy@NapSy Al ReadNRodzO2A ¢Syideftl O2a LAz
GASNRIWIYGER Sy is s LISRMEIMBICGrayBYORF VA AR Yz R2N
Gyn ge1llTly2 AO0OK 1T s0ORP? SRNIE GAS2da| 128 VOikRB f LONA S
G20y S 1T yIrOINERS INGEGKINEIDe {1 26S2dg 20NI T AS |,

[N

a
|.
A

QX

Q¢

Y2f SBIYRS yA0S2YDBY ®a/0|e02R26& OK RNy I 2RRSOK2,
Fadyn adiionz &HONI23NF A SYR2IYR20We Ns3doyeOK GSOKYyA]l o
g Gex¥ReL SGel Y2ANIUAZ FYESO2R2YBENDAzZFA HINHA D2 BIS
6AStdz 2ARRyOKI g2 0SS dz RTASOA 1T Ladyn &adl o
gSyiGetl O2ar ¢ 2062R2680K 2a1NI St OKZ |yl &aaAt
OK2NRoead ! LI O2Syilsgs 1 1F2a0NISyASYy lLradvye o
2002R2¢8& OK2IHFalaNENGtSyzA I 6 Sydi@ B D& A Lits @ RBMIY H1A2S6

adzZASNYz2NE S lliegye QINBOSKRNEILY PRETREF L S Iz
LIt OKS NI 2RAMNE g A d & 2EVIMNIER/TAtdz | adYe

(  — u»

2 (iNJ SOAY oLl RIfydiydy Oley | f2A0i62aR2y822 OK RNl 3 2 RR
Fadyn yAS|z2yiNRteBHLIRERITGINEBE Ny ¥O&NS ¢ Ol eyy21
2002R2680K RN} 8z 2RRSYKQKeOK LI2Y20Nn o02ReLX S
A YLzt av2Sai@ae g e LIodzigh 66 WA T OATS T 6 %SY 2y AAIRANP G sy
12Y0NREA HaRTA SIOARTIA S@GAIYND yAS 2y iNRE 261 YyND &
Ol eyy21 OA2¢geé OK 22R0RROKPFHRBAIH MNIABOA I R20NI S {2
bl 2gAt 1aTnNn Ol dz216 6 ARSyGeU(llO2A LI O02Syiis;
LI NI Y$8HBERE 4eLiodlAskiWAl O3 | v aAISNIdE REARRSAK 240 C
I 0 dzZNSR®YEAANI NE 6 dzO2A ¢Sy i et I O®IAG 26Y AdlGaNB UySI a8t OGRS Ni
galliwerelol OTtad2GtAs21 06 NBI 2y ya2a¥ LIdxt AaSNd 2y
2NI T galliyAl 1 fANBRYROAWEz0s RIO&YA alyNIA I OAIS Ta M
2RRSOK¢g ¥2a| DRIzyRUA SR GYN 121005dEN0252 Re &G NE o dzO2 A
AUNBUS LIt OKISRNASR SHHIBRT | 12y 0 NBYVE A 2 Y2dticR @B 1oy A S
LINI ¢ SREOZND DT t &G20t A 621 @ANI NBigay|llyiay2n8 32 1t ANByY
gaielellysgail oAftye LINI SoAS3T OK2ZNRoO&D



t 2RadzY26&220P0PKE LINI 08 R2a0 Y NDOI2ZBHRRBRY @AIREDHT &y
dz| O RBZS GRASHO NI T A S 11 & & RADAKGEOWE Sy dz8] SZ2 OT eyy 2T (
gGS2 f 212N C&ERAORE Y DR RN 2y ONBY T y2s oS
TF2a80GNJ Syaingzo $@yiYe T+ 6dz2NJ SyAl ReaidNeBodzO2A 65
LINI S62RI NOS23 S NI GHANBT 6 2 2NKU S 019 QK SINIYE{i
RN 3 2RRSOK2ge0OK yla2olFINRTAS2 LINJeRFiyS ¢ AR
W aili2az2Ndlo K2R Ol eygrp DOREz6 BRRAQRZ AFAD2 1 I N
12YLX S1a26n 20Syt 2S32 adlydz 2F1 A LENssy!
LINI @RIFEGy 21 OA 6 20SYyABeYANYVERHAY I S 2B A0 Y& & RI
2LIGeYlf ATA Oreme Gy GIKS A G SNI LISdzie Of yeOK ¢ | &)



Immary

l'a0KYF A& | NBALANIG2NER RA&SFaAS OKI N OGS
SYyaNBE ONBYOKALlf QISWEISND A yIOf RIZRIVY NIA LOKRRSING € | A NI |
LI NBYOKe Yl ® { SOSNIf aGdzZRASE Lzt AaKSR Ay NBO

0KS LISNALKSNIt FANBlIeas 0O02YYz2yfteé NBFSNNBR i
YIEYAFSAGl al2ay 12276 SASINEY G KSNS Aa | £ 01 2F SOAI
2F LISNRALKSNIf FTANBLeas AyOfdzZRAy3d @Syoesflazzy
FaGdKYlF FyR A (a3 a5EIa0rSSNGIF 02T ALOS NRA LIKSNI £ F ANB | &
I AYilK Ol'y LINRPOGARS @Gl tdzadotS Ayarakia Ayidz GKSA
O2yGNREfd ! 06SHPSNI dzy RSNEGFYRAY3 2F (GKS NRfS
FAGKYF Ffft26a TFT2NJ Y2NB LINBOAAS fl&R2WBNRYIRIK (RKF

2F 1y B OfS |SNrpazfa GKIG Y2NB SiSOsgSte NB
GNBIFGYSy(d (2 GKAa t20Fa2y YI& AYLNROS GKSNIL
fAYAG GKS Nral 2F RAaSIasS SEIFIOSNbleaz2yao

5S4LIAGS GKS NBO23ayAT SR &aA3yAUOlyOS 2F LIS
Of AYAOIf LINBaSyiule2y 2F |aAGKYlFIXY (GKSAN) FTdzyOs
RAIFI3y2a00 ¢2N]dzZlJad a2NB20SNE GKSNB Ay ly2 O2
G§SOKYAIljdzZS F2NJ SOOI fdzr ey3d GKS &adGlF dGdza 2F LISNRA LK

¢tKS 202S0a@S 2F GKAA RAAASNIlIoa2y gl a o+
LISNA LIKSER & & # deyNGd 2y Ay OKAf RNBY AGK O2y iNRCf f !
RdzZNAy 3 SEIFI OSNbloez2yaxr dzaAy3a @I NAR2dza Lz Y2yl
L SGKeaY23aN) LKe: | W Rudidzad BESI2 BHIOA X § & IS (| BRERA o 21y K 2
GKS adGdzRe FAYSR (2 SgI t daLl NI viSTi Sdxdaf Miye Y2 ALIR
O2YyGNBE O

I NBOASS 2F SEA&deay3d fAGSNI GdZNB RSY2y a i NI
G22f FT2WNBRAANEIARNWE FdzyOa2y Ay LISRAFIGNRO | adck
Ydzf gMBSF 0 K Ay SME A0 ANDOAEKNEZER dzaSTFdz F2N Y2V A
2T GKS RAaSIFaSe Ly LISRAFGNRO FadKYl LI oSyl
KSGSNRISySAGe 61 a ARSYaUSRI gKAOK | LIISH NE
K& LISNNB & LRy a MBKENE & NB VRRIBAYWEHYP oK ST SN2 ISYSAGe

M O



~

I OAlY2 WS SEa ORWYQKA f IRNBKZIGA BENE &G dzRe Ay | Rdz
LIN2E GARS SOMNBSYORYARAL (2 FalKYKARASKHERA O (8¢
AYLEZNIFYyGd NRtS 2F GKS FTOAYINIT2yS Ay Ot AyAOl

¢tKS aS02yR aiGdzRe F20dzaSR 2y S@FfdzZd ay3a (K
OKAf RNBY 6AGK &idtrofS FadKYlF FYR RdNAy3 SEIl OF
230Aff 2YBdNBEENBH VK AySNH @KE VYyRK¢gHA NBOSI f
AT dzfF @KBY LIS NR LIKASINK A RONNRRYY QKM K a6t S FadKY!l
aSFrasS &4SOSNAGed / KAfRNBY SELISNESYOAYyE2 Y |
GSN2PABZAEKIBKS LISNALIKSNI £ 0 NPRy AQxAy Of ydiR SIRK i K
O @S AYDLIYYloa2y [0SOayad&iRY OF YaARNE I LIS RN IKK SON]
OAYlF NI NBIAZyazr LIXLFeéea + aA3ayAUOlyd NBRES Ay |

. .S P v
(/))>"('D

¢KS (KANR & dzR& deyAOBSRR/ RZF G3KESS 835 NAKLIK S NI f
dzy O2 Yy i NRf f SR t IAEIRBKRIFT AL OAUO FdzyOoe2yl f LI NI YS
Ay OKAfRNBY dzaAy3d o02Re L} Si Kedd YoR#HES WKe A y S XWiIid
Gl AK® d® NBA&dA (33 K2BISKHRKE GKIXNIRRNBY 6AGK dzyadl o
LINEY 2dzy OSR ReéaFfdzyOs2y 2F (GKS LISNALKSINES AN
NEBadzZ 6a AYRAOIFIGSR GKI G (KSzyO2¥i N2 ff BRo B H (1 KIYN.
@Syoeflozy KS(HSNEISA wadilSI @ A yxaENIE & FIRDOaF0NK A d
Y230 ALISOAUO LI N)YYSGUSNAR oSNB (KS NBaz2ylyid TN
I N} yOS Ay RSHA IR dzNKS RA yBINE /A2 v & Sdjl daSkyRidkie =
Of dZRSR GKIF G Ay OKAfRNBY ¢A0GK FadKYlF> GKS
3Sada LIR2N a8YLWi2Y O2yiGNREsX GKSNBlIaA y2NY
E &I tdzS&a AYyRAOI(GS adGlofS RA&ASIaSD

¢tKAa aitdzReé O2yUNXYSR (GKS &aA3IyAUOlFYyOS 2F LI
YIYAFS&aidla2y 2F [aGKYlI Ay OKAf RNBYy® CdzyOaz2yl
gAGK RA&SHAS aSOSNRAGe FyR 02 yfi NBZ ybR &z@aNB S 30 ByEe
KSGSNRISYSAGE YR [oy2NXIf @Syoefl a2y RAAGNROG
0KS S@Ffdzr SR FdzyOe2y Il f YSIadaNBa>x (KS Yz2aid o
dzy O2y iNRff SR | A0KYl ¢ @NBAR 828 S NIX WRR® N& K F dayzdd
SYyroft SR I O2YLINBKSyaAgS [aasSaayYSyd 2F GKS NE
2T (GKS&aS YSiK2R&a Ay (SNXa 2F (GKSANI Of AyAOl f

M n



¢tKSaS UYRAYyIAdplRRERIRSLIFYAT Ay3dI RAIFIyYy2a00
A0N)> 0S3aAASAa FT2NJ LISRAFGONRO FaGKYl > LRGSyeal ffe
2dzi02YSaod

M p



1.2a0t LI

haAnN3ayit OAS A dzi NI @ YFYyAS (12yGNRE A OK 2 NJ
0SNI LISdzii e OldgieS 2 2@ G &y XOK € iGF OK R21BWYNBAAG!
G§SOKYA]l AYyKFIftlFOeayeOK 2NJ}T GSNYLAA o6Az2ft23A010
OK2 NWSRWHApH 2LIG8YI Yl (2YyGNRfl 2062l ¢s5¢ ladvyex
fS1s56 2N}T StAYAylFO2A Ol eéeyyAiise L3AFNRIF2nNO
gel gl yAS 1tAYAOIYS TINssy2 dz R2NR&aUVEOKI 21
T2l g2AS&0 T2t OAS LINRPOSaASY T ILIftyey 20062R268 0K
RSLIRT &od2l aidlyRINR2g& GK NBYDSS RdA ¥ RSO s 3E@K

{TSNB3 o6FRIFZ yldzZl2¢6e0K gallldeSs 0SS gea
20062R286S2 &a0NBUS dzZl OF Rdz 2RRSOK2¢S32 Y& A&ad2i
Ge¥G2LIASZ 2S2 12yY0NPGOAB2 2 N TR MRD2 2 [ 1 b2 & { NIsS
Y620 NRI A3 I W@ BR2WER| iR 2RRSOK2BENRaDE DAL
LI 02S8yilsg 1 AyESISNI2Z y ONE D Aidley NDNHzZLIASG s WSARS 2y 2
geaitt LIReodyNOSSA/ y 2 T A G s@®K]1 2 6 20062R268 0K 241N
A0NBUS LiXaeNiia Ly SS RISl R0y 1 6 LINRPOSadz |
g 20062R20S2 ARRNEOUKEE BRAR R #zS GaB6] NF Rdzd® 2SRy I |
R2 iR@IDESYdzy | GAMNB Fe& dz] OF Rdz d BRS &EBRIO S DRENT S
REAGNREOJZOZAz WSPE & yalYA Ty A S 2 v (1 N22AAIANT VSIY A S M T
Cdzy1 022yl ftyl 208yl 2062R2¢6S2 aiNBSFel yor|@IyRdY
YyIEaAt SyASYy z202b&yoflia@inmd S 1T NRT dzyASyAsS geai
LI G2t 23201l yed®K ¢ (S22 t21FftATLFO2A

t 2YANRAGYASY Al IIRZIEDHRR 2y518 OK R NI ALIRIRRGIOKRdz &
1EAYAIOA FEIKOSY I Ol eyyS2a@liyWFa KR26S32 St ¢
LI2AGt LI2gF YAl @GBIeEHY & SdRBRYSFE e 2 Ry Ay a Bya S
i Tl2t OASYe 25N R2PERIBORPRWIRNR 0SWIEB 2y | £ AT 26|
SOTHAyirses INIXRASS OKLANEDRIIANISYRR2S2 {2y iNRtA 20
T Yy A SN TSyMAe 2000828 T 6ANT 1 dz T RV AkdBY 3 EsWr 1
YSi2R P@PPOIRR20K RN+ I 2RRSOK2g@0K 2Sai
RAFIy283G80S8S A Y2yAG2NROYl A2 RIBIGAR A RBFENID O



v oA A

L2 NF 6 Y MR OSOKGgRAa Ny 212082R2 68 OK RNI I 2RREYOKR §
1ftAYAOT yS2 LI OadSyilisgs LISRAF GNEBOI ye OK

MOMSUYSE IR RS YA 2T ABWA EOR |

Ladyl 2Sail T KBISHRIBYYN OKDKE NP | G1SINBI tdgern O
geaittLiRsél yASY yI RNSI & 82250 ded /S RLIA NA SRIAA y I R
02R1X0s19 %8B 2 Gdz2 W S 2z RBiIs1003BRNE 6 & OK ®

LadyYl 2S8Sair a0RAINBDD) SFA dz 2A3RWBBHTRYOKYH Al (2
hNBFYAT I OZANIYIRNRSGIAT 0B BRNBbLYRITIFD232S aArAt s oS
T 6ASOAS OK2mMNIzAaS Y2V 2@HA s @5/2 b b NS t 2f a0S yI
FAGYt ORZRNAMBSc:: RZNPRO&BAKw: RIT ASOR (@IRBSAHS: dz ¢
MM: RIASOAWMm @BEP dedd Mb 2Sad  y I @02 N@BE@ITT RYz LIN.

OK2¢S32 dz RTI ASOREE pe & BteLidzadp NERT SREHe | 6 e
I ®

N O«
¢ N Qx
P

> ()

(@]
D
O

@ LJB%o & & GreSavdraBl OT nOé 2RRSOKI Rdzal y21 063
LA SNE A 2 6 SE( sANRAS IaNISERT f SRT Sy A LINI SLIO@ gdz LI ¢
2RRSOKZIMNG 1 OAS 68RSOKdzd hocl ge geylidAidBWAIYS
dza Gt LJdz2nNn al Y2AaldyAS fdzo LIRR gLI0O&gSY 1 ladzazg

R
S

LaGYl 2Sad OK2NRBoN yAiSaSRyRNENE NEN 21 ANGDI/N
20 NI | Sxy AsdelywaeiYr 2N 08 B S 2 EFILaNEANGERR 6 RDR YA OS2
LIND SRa iyl @07 o3& & b 0% RapdeNiee Of g2 O&2sS2 LyroOal (e,
gl £ O | yaufl 2 d lafd YRY ASEYD® b T 2 NJ
MBAGY f SNEHROd NI yNRBOLR DR SRRIZBIGER $aLlls Ogeadt L

AyyeYA OK2NEREIHYAA FA2BRwRIVESENBE S ST £t BINBES QR §
aLJ2 2s56tSYNBA O1 vl tya &2 e 8&NEZREIDME 2 0 OA N2y @ OK Ol
I £ SNB WA lyBywaAa (&1 deetl SR a2 YOS yol 1A Sy SHB $ v &
LJ 02S8SyiGsg 1 dey FSy22GeLSY &aidsASNRI I  &At
2RRSOK2g6& OK 2NJ T ¢R 20058 57 R 1J2 MEBRPIR{YIUS N2 A R



HBAGYYASEt ENBR GRWMIGS Od22T OAS2 dz R2NRSGADK A
L2 Rgeodoth dFDNe y X Wkos 6y Sdzi N2 Uf 5 B RyBA SIaK SIANABTA S
12YsNB] TILIHfyeOKd S52fAFAMBBYVH | 2RNBHNASRA
gDY{ T2SHEQAINEE I ayixd Sg ldf SNHAOT yS2

oPAGWRT LIR2 Ol &Nt 280046 A Sdzt R OBBPTIRSN] dz2SYye ge g
Fd2L2ge A Olarisriaz? e@28MaN AI0KN R sG]t da DI X BRY A |
12y 0UNRE®» 202 65 6

nAAaGY dziNBIFE2yND 2pii dNF ORPDI RBDBEFOI 6y K
OK2 NBPSWR RSt Ay3d RN ONBPRREOOK I@B&E yASSR
200 deNd DRI St A

pdaldltlz 2450 X2 e PaOGEMNE @ dziNJ @Ydzen &aiAt LRYAY?Z2
S2T ey20ft 2%y8®™I2 1 LJ f

A

RUOdza 2
g NJ OF

Yo g1 ¥iar'LBS0 BING S0DK S NPNGD vy OK I NHzLA NOIKI  BMBSH| 2@
g LRaAGtRRPBY R aAziiSAI yEBEYzZIROT yeYI 6&8NBFOYALF aAtY

T Fadyt 601 Say 2RRIAASEOA MO |
T Fadyt dz RSOl (6
9 FadyYyt dz RAABRONR x08 OKI

Y2YASOT y2i 06 6@2RNYoyASyAl aBRyA RDSIEYA ye OK
L2 LINI g& &1dziSOTy21 OA 2S2 f SO0 SNWMBE 2 ¥1d3 Wady L2
LINEOf SYSY aR2BEGHEFEY OAt 1l A yYASI2YGNRE261 Yy
Fadye OAtO 1 a8g2 dAoRRZNZAZIE QKO o002 OK2NEBOK YI |
@™ RI YEQPHENIAAN INRPHALIZOASII YOIV ILSKE2 NBN2 Y5 A& S| as$s
t NEBOSY &2y A I VESDE nmdDARNIWEOYE yAS|I2MENRE 26
2 5 RILYNUdS LINR ¢4 R{I R2FB8FEENRT 2y2 ON} {1 12Y0NREA I a
ymc £l 04 2N}T dz oy:? YUO2ReEODORCIRBAR EDEeDORaABGBR S ILI:
I Fradyn yASGERIINRPYSBlOdBfd Bdzt | N2 ¢ $2 seadnLA
OAtOK|I 2 & &NIF & L12adt LlJdz2n0e OK Z o] A R ANIZR R ERIK R b

aAY2 dzZR262RYADVSHRAR26 0K RN I 2RRSOK2g 8 (
1t AYyAGIdyYR:E 0daRNSEYO YAl yeOK FSy2i0elLlsé yAS dzsl 3t
iS22 t248YQNI DERPWZ2FEYER 6 | RDOISleyyadeeaNPBI RT Sy A S

My



LINBLI N} G566 AYyKEE I Od2ywsduHRIRH AR dyadiGrOd B 216NI0

2NINR T @SB LIAA & RRUZ m%)\l Yé AY¥Xiy12NI2ITA PR g &
Y20ft@M3Idzi SOT y S3128 (YD ISHWMASIT 2N OB 6 2IR2 RNBREOASY
K

M®PHAdZR2 6| dz] OF Rdz 2RRSOK2¢S32> RSUyAOel

RN 3 2RRSOK2ge&OK

lyFi2YAOT yAS dzl OFR 2RRSOK2ge& RIASEA aiat y
THG21A LN ARDEZEET R2fyS RNRBIA 2RRSO0K26S 41
2A1NIStEAY 2a1NIStAls6 A LIX OKSNIieilsg LIOdzOye
LR RTASEAG yI a0REBENSFIINRRREDEKROBE2RDON T & YA
5N23IA 2RRSOK26S an LRRIASt2yS ReOK2:G2YAOI yi
20S2Ydz2S RNR3IA 2RRSOK24S 2R oBMENIAIIRIERNDR2 &
R2 &0 IANDITLB2ys ARSHGINI TS 2R 201 t 1 OA  dz] O Rdz 2®R RISNIK2 4GS 2
L2 gASGNI I ¢ (S22 aGNBUS 2Saild NEf RR®EEWAS aaite At
T LRY20nN {102W&#S |1 OPRIRIBOERI I RNRIA 2RRSOK246S 2
RodzRT ASaiGSe GNI SOAS2 eI SNBTE2sA Laag &S dLgEIOK S2NE &
A Yl OKFNIY{TGSNI fFYAYFINYyeod ozt OFRAzS2RREARSRY ?
ANRY (12 &a10FRFE2nNOS &aat 1 GNIndOXe IREL RBBS 2 8 RoD
LIt OKSNI 81268 0K> 10G5NB R2LINPGI Rie 2mit OB S NS & NI
LJOdzOy@YAd ! 2&8350 R2NRa0eOK L&A SINd OKyY  BNRY
AT 2% Sy 2RAVAWMRESF ALREE RWRRREEO2D D@y &G NHz ( dz
THTLSeyAl STS1aBMBYSOoYASEAINI $ARO246 N 1884 (G NB o dzOat

hog2 RFUNR ORNER I3 A 2 RRSBWOKRdaSS aAt 2112 2a81 N ¢
3SySNI O2As 1GsNBEOK T NBRYAOLF yA SNINukxalSi2Na | GAALL
OKNI t aGyS3I20KR B2 RERE2T 0 yI bERERKYMS 2 a %t NHg
UT 22t 23A0Tye0OK 2L N 2062R268 OBORNFRYARBRS OK2 ¢4

1%

OFL0U126AGS32 2112 NHz1RBNbGA SARPEPK2 g aLINKG IS | R 2dz 2



2RRSEOK2 6RYVOIKOT2YWSRE sAt 1 al I §EAds y23ANI Lt yar| OGS
LI2 6ASNI OKYA LINJ ST NR2dz LIOdzO®

A - o~ o= A~ s

bl NEOAYAS m LINI SRA(I dzA BYRJzADRBEODKB OEFR S

przewodzgce
drogi
oddechowe
obwodowe
drogi
oddechowe strefa
oddechowa

weé OA Y IdzRi2dé] OF Rdz 2 RRSOK2¢S32

Mmool 201 22 2012 R2ZYREFROKRBIOK2 62 OK ¢ | &
| AZ02NRBOTYAS Fadyt dadylgly2 11 OK2NRBot C
ol RFYAL KAad2LIl G2t 23A01TyS {G1Fryl1A LIdzOySe L

LINI ST 2 41 WY S (ORABOKINIDI S 13ING 23Sy SidOF SHDKERND QIR t | 2
OSYy ®NJ F#S Nb ¢ySR3q INENEG2 REGHAGLE ®2d 6 2 R2ASOK R NJ
2

> A A

RRSOK2g¢g2 0K ¢gealeo&ap (6 Bai2BRIMNDISYIF O®2 OSy i NI
1 ae

gyS3z2 TFLIESYAlF 2N}YT NBY2RSftAy3o
“BYAlLYye ¢ 2062R2¢S2 adidNBUS yrztlmxsue RIS € ;(21
2002R2680K 2a1NJIStAx L)X OKSNJ 215 6 di“y

LI2 ANHzO A SYAS YAt ID2® NBOL RI0OGK & 2 ﬁﬁleiﬁTSﬂx)l)S/a?\ AN

H N



~

geRI ASEtAYE 2NII 12Ys5 NEKALSNILIE VDK P2 YAsOKS] T ¢
YIEoOU2Y 11X LINI SodzR2¢t 1T OAl ye 2o00i2®PREF®RE OK 241 NJ

2 LIINRPOSa TIFLHEtye T I y3la2NG RREMMOKILZDG { a VTR
¢ S2leéey20tS 2NI}T 12YsNJA (dzO01ySod . FRIFEYAlF Yy
OFvS32 RNI Sl 231N St26SaIRNPIALGsR2BRRDOKEANBS ASY
Aai2Vy83va@ 01 nOS32 &aAt aéiA5Pedz 12 oLl 2 R/2SARGK 2 a1 N
AU6ASNRTI 2y2 26 HOVAIYSF 292108 w2 Wt 2211 t 3 @t | i
J0s56YAS 6 6 NAGoASAY B dt iAYy ISRl A1 WA SEKA 3O
LIOdzOy e2A Yi yADIBYYS 6 LI 23Sy ST ABF 58 YzNT ORIA £
g Gy YWNBea@dzz R2 1T F0odzNI SyAlF LINJ efS3FyAl LXtC
02 alunNi 8R&EO0T Sayey TIFY|yAtOASY 20662R268 0K RN
A LRgaillyASY 1 2 A ajqreseazadzald 19F 4 OIK2 O Y i Nl f § @ OK
12y OSy i NGNSk BaBisty tEENJOR L12 g2 Rdz2S 2S2 LI23ANHzoASY
231 MdziI9F At SRT SYyAS LINGASLIO@gdz LI2GASGNT |

'GNJ evYesol yAS aAt LINI Sgf S10vS32 TFLIESYAL
2RRSOKZ@BAUK @124l YAS GNBI Ue OKR 0NIWIAST RANS 8 & & ® & NI
dzl OF Rdz 2RRSOK2¢S32 dz LI O02Syidsg 1T ladyn LRGsA
h LN} OT LINI S6dzR26e& 2082R2980K 2a]1NIStA adoa
L)Xt OKSNI @156 LIOdzOyeOK R2 2&a1NIStA1s6 2NI1T VylI
{GOASNRI Byt 1allDYBN RSLIRIT eda2t UOoONRySjlieyes |2
S{TaLINBaat YSUImMm2LINR I yYys 11 OB REDVEOEIBS IND ySE 2

aSOKIFYyAT Yé daNE SLBRIGSZ 112 6 A SGUNI I LINTI ST RNZ

' LIR2TESRTSYAS LINJ SLIWegdz LI2gASGONI I LN ST RN
2SAdlyAYASY

&1 dd¥3Ait T yA Z30F R1 A OK

T 20 NdotO2ye Efdd 26S2

9 YIRYASNYS3I2 3IANRYIFRISYyAlF &At 3t aasS3az 1t dd d:

Yt dzOl 268y T 2F6Aa1ASY 6 LI G23SyST AS 20idz
THfESdoy2i 06 OFL0126A0GS32 2132 NHz RNy 3I 2



O«

K 200Gdz2N> O2Ad CAT 22t 23A0TYyAST 2LIN 2062R26
G2GyAS yI OlFro126A0e 2L N dz] OF Rdz 2RRSOK2 g ¢
g2R2680K 2a1NJ St A LRGR RRIRING A ail3AINDE SO 160 N2 &
RSOK228%WK 0o lcHIARNR YW L2 gASNRROKWERE 6 K S RNB

Q¢

(@]]

A

RSOK26280K:Z VI BBlLOFARAHNLBBIRSYADK Ol eyy21 OA 2
OF Rdz 2RRSOK2¢S32d {11 0dz2eS aAiatx 0SS dz LI Oc¢
RRSOK2g¢g2@ 0K Y20Smpakl 02 ORRRARKBIZ2 BR SB0KE 6 & OK d

2 830 NLMSHydkNS O2A RNIA ND BRBAKEHEWREATSY 2 L2 N
OFL0U126A0GS32 RN HE BRAEJCGHSEe NS Oy A O@ LR YAt RIT @
FERSOK2BIR ®YA L Y& ¢ RN D] BREEERKAA HRA BOKA
geREFKaAG2GYyAS L0 SI SIYAPD & ildAz? GINES €d R 8z 01 t 1
200dz2Ny O2A RNIHFIAZRAOEKKASET GKNR 2dz LR RPI LB 6RSO
L2 6ASUNI WSRERROUZOD® 68 RSOKdz 61T NRrald OATYASYyAL
Ol U1 26AGS32 TIFY]YAEONR RNKZANEHROIOKEDIR OKoal ||
LIOd@z0 @ ( tMRIZRSE Y AT Y By NFHR a Sk | RS DBSB? 2D AA0IPNIOO K
VI RYASNFBE®EORNO AT dz LIO&D YRASSRBIR Y A B @RS NI 815 ¢
LIO dzO ¢ BIOAK NBR Y By (i Bafrrada RdzanOe OK dzOAT yAt @& e OK 3N
LINI & LJF R d¥ I NG fadii- /=2 YA S2RING2W SARR I GO A R (i & C
TFY{ YyR2ROSH 2 dyRSTRBIzf A6Al R2LI0&¢ LRGASIRRI R:
LINE Gl RT A R2 LI2o368 | YAl YA BMBRGIREAE 204l F NB Y
dzt S3AF 2N 12YLISyaloOeaySyYydz NI Rt OA dzod

No Q_ N N N > >
P

L1211 ¢
5 OK

X0«

i2R@
SOK2 g

(/))

M Pan FfF2n0S yI 208yt &adal ydz Ol
2

X<
Pu
(‘D)

hog2B2ARNRPIA DRABIGKALE SYaliRBFIFE GA TR KR dd
0 NHzRY 2210 6§ & OK éijl-ydz Ol eyy21 OA2637 T1slalLRXY20OQ
I A Y A 2L N 20062R2 /K 2 MHzSOR Oadid VB
DR GHINI 6 Al SA DEREYVMEBLIORIoAZ WIi 2T 6 Yy Gt 02y S
2 2 LA SNERNIOSRS SEYRANF Si2NE CORLayS A ky (27
OTyS ALANRYSGNRBOIYS LI NXYYSGNEB &1 2N



GF1AS 21 14iR@%dmy SFNIVII itdo2ySe 202t 21 OA e8RSO
yIEdtoz2ySe LR28Yy2IDR DENASB SEBELIA NI G2NB @2t dzY
OF LI O é ®mEYCRES3 0an LINJ eRIFiGyS ¢ 2 ORo/AASR 2508l OKdz RNG
2RRSOK2g&80K® hOSyl Fdzy1O2A GS2 aitNBFe dz] OF Rc
dz61 3t t RyAl 2nNn0Oe 0K LI G201 22t 23A01yS YSOKIyYyAl Ye

T LINI SREDTI Fa P26 02R2068 0K 2a1 NI SILNR bR RBDOS 4§
L2 galilefiagAall aldzOF LA LRASGEI yS2¢ A yI R

9Tyl Giyeesd 2LI2NHz 20 62 B XY 2SKIRBEB INI2RIRAS OKIZ2 6 & O
LINI 8L R1dz TYYASZAaTl SyAl AOK LINJI S{NR2dz

& A A

T 1 Yy A SRSl ISa/ine O1zy 2d &OAN | LURBHIRSES I2NF T NBd¥2 RSt A
20062R26812] GBIRB T2 RRSOK24S32
T T F06dzNJ Sy A g SRa 2T B EAEAIGE NISD Fa& i Ns 5 2

NI © \aaie ldsliedzA S d yA Sy A

t 2y Ad0S2 LINI SRalGl g ¥Eyi2 Ralpg@i| & NIR@RA @ISR/ IR &
allydz OlTeyy21 OA25S32 2 2 K RNk¥3 2RRS

MO n{d N2 Y S NR |

WE]l 6aLRYYAlLy2 Ll2gedSaxs 1ftFaeadlyS a¥ NI YS
GTyd C9+xtm A C9+mMkCx/ VYAS an LINJeRIGy$26 20Sy
LI NI YS I HLIANRYSRNBEOSWOOIRRIY ePDB@DHR26& OK RNy I
y I 86N

T yIGtozye LINJSLIWeyg veRSOK2ge& YASNI 2ye
LI22SYy 2T OASF 20N80BAR2 6 SEE2LIA NI it pNE 262 6T 2IND S R p:
Ol LI ©% Gwgl =

f yvIitoaNdaSLIve s veRSOK2¢ge& YASNI2ye vy L
LR22SYYy2T OBF 20NOCR2 SF2IANF 12N b2¢ EG p x>
C9Cpnuvz



T yIGtozye LINJSLIeysg veRSOK2¢6e YASNI2ye
L22SYy21 OF 20NOCR2 SF2IANI (i2NB b2g EG Hp:
C9CTtpuO®

B g1 3ftftRdz yI RudtoNI YSENRgy 2d B HSOKY A1 A & 2

dzZl @ a1t ySec+s I NIOKI A ad2a26yAS 6 20SyaAsS Oley
2RRSOK2g6e OKzRIZAWRINSESEBINGA (1 2 YyAIFSSERISHEYBH s 60

t I N} YE@RNBENWB RY A 2 ¢ R16MGTddB0d @ R?2 oyelOK RNF I 2 RR
2Said 20y A0@yA NINEINIROIG LIR2YAtRI @ LkRaSyyz2l 0An
L2 g2t yeY 6@RSOKdz 2N}1T yI RHORYNS yLERRSE Sory2d D3Iy
OF LI OAGe YR TENSHSH POBFWBNORBEAX i LBRBSO AT
g1 NORAC+Y 23N 6 a1 2108560 yoaAY0ILI| A d2 4 X DENYY S @b

modndaHRe LI Sdiel Y2a NI Ul

. 2ReLY ShGeiSudiaNIABAYy s EeBdy s BE®R YRSMNE aAt
RN 3 2RRSO0Z @y9RT1 DNRB N L2 SFSIYyyal 20y T  NISEA AARBE N
Cw/a88 LIR20ONOT SyAdz 1T oFRFEYASY E2LOSWENT GYNSEIONB B
202t 1 21Z0N24B8O@OK 21 ]
T 20 20liR{ SIINRDOR dzI=f waf>dzY S
1 OFo2RrBBNyRdr@ Gt f dzy IE[QFOLI OA (&
T aid2%8@x 2t 21 OA T+t S3I2andSa dRlze DI DY 2MB &S
@2t dzyS (2 G2iwkk ef dzy3 OF LI OA ez
2 0FRIYyAdz 02RELIISHELIYR INR FRAFBANIIZES YaAt 1 g
al2adai: A &Yg o®

~ AN oA

M ® nhddoO & f 22YRSRISNK' 2 & |

Oet 2YRBREBDRSAIN YRIZARWAND Ol eyy21 OA260 208
OK2¢S32 LIRROIIAa a3 28y RHEF L &2\ RREAKIESSE | DA
t 1 NeboSYCRRQ KA (1 2 (1 toAg6 2 T Q ANIBTRMO S BB R A 6 2 BINKz8dz O A

2

~

RREOGCK SNBOWLEAAT v SB PR DHZZRNI ye& LINI SLIvesgdz L

H N



§ RNRII OK ZREFORKE 4FBKY LERINORRRSSA2E yI {i5]
a1 0FRIF2ND &aAt 2L N 2N}¥T NBF{dGFyO2l 2RRSOK24 @
th N} YSGONE LNV BEDE P& ( 210K 62d I0IA R2aGH B HORO®SY
dzZ| OB R&S G@2® ROT M LERSED 4D OK G 210K g2d OAMT I T R2
305 6yAS 2RI GASNDASREI 2N &l yy RADROK(G 2&QME S
2RLIZ2GALI RI 2 L2 N2 g A OFr oS3z dzl O Rdz @@2eRIRSOKEKs S
t &0 20002622 NPAG A Rdzo & OK RE ) YEALERENHD Y2 AsSINT T2 yasS 3
I tad2i00RAE2I0@K2 BROB 6 A R 2LI12NRSA 2062R2068 0K
2 IINJ @LJ R1dz LIRYAINHz NBF{dFlyO2aAax ¢ 11 tSdoy2lOh
g1 NI@A D] al @0 teRMREYAl U8 60+ AtyQYOKG 84 | layi b2 YOI
ST 60FRyYy21 06 315 ¢ /di] DO R ASs 221 RS OIKRIGE® Y i 5 N
ST 60 Ry21 OA dzl OF Rdz 2RRSOK2¢S32 oO0tRN 1T Nksgy?
NET 2y yai eRvaERD S NBI il a10edK LIND t&aRii2414 SINIR2A R
GOFT OAg21 OA St aieOdg6S dAB B RENIZERRSOKEEERER
INT esgn NSINIKTNBDEAS 2R yI &2QAT0tad B2NER o BISEREIZA A 6

A v A

21 NBIStaldy 1 2 L12tS NBIF1idlyoOo2Ad

WSRyn I OitliOAS2e gelz2yeslyeOK YSi2R 2a0e
AYLIZA & FBHzt &S Za Thipto2iSINEE2 YASNI 2y Sy an ylLadtl
2L NJ YA S NI NBE AN & BN S RADDIFANI OF 01 26A G 8@

2RRSOK2 4532
T N3Oy AOIRNS H2 NIRR YA SNd @Y KSH 2t aLIRIGOR d22 1 OA I 1
OF NBljdz2SyOe RSLISYyRSymm@n 250 NBRBRDEYYOB8e 2 LI
2002R2580K RN»3I 2RRSOK2g&O0K
T OTtadG20t A g 2108 ANBY RYDPHIGNS &
T NBFE{1dlFyOal YASNI 2yINBIND @B DS FH02 R 1418 8 NIOA S
flraiedly2i 6 dzZEOlI Rdz 2RRS0OK2¢S532
9 L2tS LIR2gASNI OKy A LAYt @ © » INBG (T AAQNTO@NG 2 G A

A v

NEBT 2y I ¢ B NB2 OB Id O5 1 NBII OB I tid ViG] NSaAsS 7

LINJ @8 1G5 NBEOK R2YAydzen ¢0FT OAg27 OhA Stk aidac

=<
ST

O«

O«

(@]

(@]]

—_—

—_—)

t

=



t2yA0S2 aO0OKSYIF{ieadilyAS LINJ SRa
OlTtadtz2GtAs21 OA SYAlU206lyeOK FlIf o

GFsraz2y2 T1tSo

+1-
Rezystancja (R)
%)
Q
S AX //
= S
©
[ ? )
x / Reaktancja (X)
Fres
>
Q
o
-1
I T T T T T |
0 5 10 15 20 25 30
Czestotliwosc (Hz)
Wé@AYﬂ'OKF@WI'ﬂéC)TYS LJNjélv?éﬁl-éixéy}\S TI'fééYET()}\

SYA(26 ya®BOK TI f @

Mbnadii 2 Rl g@ LI0dz2l Agl yAl Il 1546

aSti2RI g&LiodAzk &b 2 06RH & | BDWIORIAI R k RILIY dzC @

0 20WHLINT SLINBGR RIS (2 R YA

T YSG2RN LJ22SRe yal poaSH AIKR SAOKSIKE] . antv® Yo B & K 2 dzi

g1 2WYIYVASOoNF 6 2RRSOK26280K ¢ 13 | NBairAsS LkeS

T YSG2RN 6ASt 21 NR2ayYad QENIBRIRKS OKY $NIia . 3lgda 41 af

LI O2SylG &a6202RYAS NbloYy2YASNYASR2Z RRBIOKT dz L
a0t dOSYyALl AT dz TyrOlyAal126S32 pg LaAd OSSN

>

L2 OT Ni126S320
2 okt RIYyAdz g1 ZNJ1EHNBRS Pa N2 | 1A OFREYE 6 S

L2 gAYy 282004  yS1Y KST14al bdz2NB{ 2 a0k Rl HJEC cad >4 1k
L2 6 ASGNI I | Hr2ITENEDOWS HME SARKBIZ Y2 0D mnmx: Gf Sy

H C



bl 20T 8l DASBSYMY AN 6 LINE2JARO6S3d Agabuzbrs
6ASE 21 NB WS TB NBYRIAKOG sza k@ deli 2 b 3

t 2RaA0G1 626S LI N YSGNE 20SyAlyS LRROI A bHa

9 Ol eyy2 LR 3yl $Juretidr@lresidualcapacity FRC)

1 ¢ a1{ | KligesyLIO (u@yclearencendex LCI),

1 & a1 I Tdystkybucji wentylacji w strefie LINJ S ¢ 2 Rindéx©fSc8nductive
ventilationinhomogeneity Scond)

1 6 a1l Tdysiybucji wentylacji w strefie LIt OK S NJ @nilex afSa@inar
ventilationinhomogeneity Sacin).

%l 6dzNJ SYyAS ReaidNBodzO2A ¢gSyidefl O2A LIOdzO Y
SYyAl RNROY21 OA 2062R26&80K RN33I 2R
dzNJ SY Al dzLl2 6 ASGNI yASY Al LYt OBRSNY®PNSs LIO
K2geOK f deoy Ad yNBz] & dzNIOUDE SR ©

Transportgazuw obwodowej strefie dz] O lod®lezhowegoorazS FS 1 (i gjeny 2 1 6
g & LJodz] ANl g HySerHh NB RWRNGENI S 6 2 R brazOdyshrybucj wentylagcii
anNail Riezd3tORIOKO 2N O & OXKfunk®lLJ2 RT v drdgathLINT Sg2 RT nOe OF
9F S| (ed§ R0 de] Agazl gidlefe w przypadku znacziych Nb O WA bddowie
L2 a1 O1 S Jewrfosfel Q80 diub dzLJ2 T f S RRIN®YOA/1@bivadldwych R NF 3
LINI S¢6 2 R B 6 © Ourdista transport gazu Y A t Rl B4 A S jRdfidstKakni LIO dzO
(gronamiLJO da@alejew kierunkuR NEBIJ S 2 RT nOeé OK

MonhapSy + aiGt 0SSy Al G(tAYRIDKITYREYz 6 LR2sAS

{GtdSyAS (tSyldz T 20dz6FNF Q8@ ¥ Bt NISEzkb e BROK
cSwaSail yASAyglieayey YINJSNBY S21 &yt 246532
2 NI2T 06 CSpalLIaRl yeBAR8y D&Yy AT 20 dz NB ORNBITENOS 3
2RRSOK2 62IKOKSNI & | 5%l Ai0ABFRRKNNz RGdz] 2 YLI NI Y S
dzY 2 0 f GA&G2AR NI oFyNU- S yOReSt Lt OK 8 NIZS 12X d N3 CONIble 2y 2 F



hEARSBEhI f PRI QASWDYVERDI NRIAES 2062R262 L2002
2RRSOK2WSHARI®] 2Sad G2 YSiz2RI 0NHzRY 2 R2ait L
RAIFI3y2aite0S 2062R26280K RN+¥3I 2RRSOK2480KO®

LI N} YSZoNE R204 3y y2 il B P&

52aGt LS GSOKYyAlA Oleéeyy21 0A26S dzl OF Rdz 2RR
AUNBTFe dzl OF Rdz 2RRSOK2¢S32 ¢ yladtLdznoeay 111

T LINJ SLIoégdz LRGASGNI I oaBMIISNR2 6@ HBRRE So2R& Ni
T YSOKIYAOI yeOK 601 OAGRLIOAS dA) DRRAE 8§ RRISOK R
T REAGNROdzO2SA odaby2i®X | O2 A LJ0dzO
T 20S0Oy21T OA 2N}T ylIartSyialr 8eBbyweptpas&®&I2 LN
t N YSGNE 20¢2R2¢gS2 adNBFe& dzl OF Rldd RFeR SIOK
GSOMEAYAN LI2R o1 Ittt RSY O doR2AYOAONAY Sz 2002 3% 0l
t#dadwag o LRGFYASS 103Ny T YSOBWAI @40 0e1QiKs NE
2002R2680K RN;8S2RREDRAPBRKASEA ONIB BB PBY 5 S
LISRALF GNBOT Y281 GK SIAsE{§aBN g 1 2yiS1TO0AS OAtd121 0O

12YGNREA 2NIT NBT @1l 6@alGNDLASYAlI TF2a20NI SyAl

Mmdpy I OT SYAS 2062R26S2 &aidNBFe dzl OF Rdz 2
Fadye

/] Ttadz210 FOKANRB B FHO2R26E 0K RNF3I 2RRSOK2g8(

gLIVEs Yyl OAtod12106 LINJI S6AS3Idz OK2NR

/Tt alip2BO¥R RZERRBRRSOK2680K dz RTASOA T I|a

da Gt SyAl o {1 Cug@®mi®ds WRIofdHarheGkRaNI S 12y

YIEaATEBAAD S 1 2INBOR®BO P21 OA GreBINI Biom SAMz d dzNIaSiyynl

Ol eyy21 0A26S 6 20062 R2¢Sar23MBES (de] LIl 6R da 22RIDS §

SUIAIAG2 o) b&ERRASOA 6 64 $1 dl 1N DR BINOREYRE 2 6 (i

HY



TFHLIESYAlF YAOMRBRAUNILEGAE YA S | 2 NBINRS HBAVW IAVIANIR Yy A S
44256t 2 NB W BRI LINI SLINR S| RI DY SO RizARIGAEEA T | adyn
T LN} 6AROD2 6 NR2ANE NI DidAK D BRABRSDYAA 16 & DGO 8 W I N 2
I NBRYADND ¢IMMIm@IiaQad d2dbs w | @leNRit L ER0KY b &l Sy
2002R268 0K @aNmIOKEoGH N 64 NI 27T YOR@2 LI} OBSyils 6
geYl Al 2n0eOK o NRT AS4BHB Y (i & REDWNGH 24zl &SIOR ISy dz
bdzgl f 2 AREJISWBIAYA a1 S T 0dzNd Syiha t RGN NIRG dD Bdz R
F &0 NLIR2NE SY | YyAdz T OF3JI2RYND AdBdzYAl Nl 261 yn Llad
21 J0e g 2062R26S2 aiGNBTFe dzl OF Rdz 2 RRSIOK 2 9 SHENB/ I
adyvye

hos2R26S RNRIA 2RRSOK2MBEB OSIERMBI W @alyisleOzR
dz RTASOA 1T adyno 2 o0bRNRAHSISEVaAt EEIOT Iv@dz
gSyiGetl O2r 6 2062R206BDKs RANWRR B B OKe ay 2R T ORIV A2
ST OAS LINR g2 14 OBIZ NS a@BRYRIEAYS OB ddgyR { A S Y
{06 ASNRIP2YSR 12NB{I P28t yYLRBNABRI2ZOEG2R268 OK RNER I
A2 Roe0al 2YD2FREL 2 ESEASBYI 1 dz2NONI YheggSag2Lwe O
TEHLIf iS22 t @12IARG202M cieyY al YéyY ol RIyAdz gell 1l
5 & BINBOKSNIGARRHRD Hil 20 DI FLWI O2Syildses 1 &EYND yA
I AOK ylI&aAfSyAast §sumbdEes Bird B4 dz 1 2idz 6CSbhlt

Y2NBf I Oat YAt RT & TYALF YL YA Ol eyy21l OA2d6@Y
2RRSOK26S32 | lo&Nd Y& SN2 { @NVINRIEAY 2 6 ol RFyAdz {
YAS 12y i KE2NRBHOPNOASNI 26 y2 6804l S SLINKIZY DANI2A C
2002R2680K RNl @8 2RRSOK2g& OK®

/| K2NRPOol 2062R26&80K RNF I OdRRSOK2ALY0 KNRE 4 (i
12y dNBireE 2 2300 $gabBayey o6 RIyiIdd § KRT ASOARLID] B2
12y0NREt adye ¢ OANIdz NR| d2 IFRNHa2 | R g/2AR 6 eYOK
2RRSOK2g6& OK 4488 2R203/6S BNWMD & BINRBRA dd gOKY2 (|
ART ARSI Bl y2 seasiNG YEHINL2 206 2 R2 ¢ & O Kw HURBRA A25R0AS (
I Ladynz dz {GsNBOK &ai6ASNRI2y2 1T I@®&iNJI SyasS O

H ¢



vyl O2%wRR26S2 AZHRBFOKAZH SERdy 1 2aid NI Sy
hoo2R261 &AGNBTFI dzl OF Rdz 42 RNRFIOK 2 6 Sd2 6 8zRA K.
yietl 02Axr LIdz0 dz LI O2 SRAINPSA B0 y2iasioNd &8 K ISTYT
sgyeyY Ol eyyAaAlASY RSUGSNXAydzznoOey dzll2l f SRI ¢
g T+280NI Syadz Latye g62RITt SadNk ¥R
L3t OpBS iy 2y SN 2SRe yphag Iy AR VS 6 |
062R2p8 0K 2a|yNldafives abORI DS BENIYS dz . I dYIFET A &
F2aGNI SYASY @& G NBgAS G 6aA SN 22135 NILIRNE 2 N2 RR S OK
20yA0SYASLINGY ayiy@®Ea Y3 ANIoWH LI RIFyAdz KA&G2 LI G
G1Fy1A LOdzOySe LIRoNlIySe2 LRITYASNIYAS 2R RIAS
g 1tRIFOT 2L ¢l yAS It adey TftddSY 20862R288 0K 22

P
P
(0p))
O«
A
N
Q

0p)

N Qx
[
P
&
C«
w»

[—

Y6IEartz2yS3a2 yIFOAS dz T LI fyS3Ize. IND3 a2WBS PXSRYBY 6
20SyAl2n0e oK altly OORY RN QA 2FBRREDHKEHR DEE & (i NB
gSyitieftlroOcaAas LRROITIFA TFH2a0NI SyAl Fadyvye dz LI O2
LaAdYl OAtOd1lF I &adly 2062R26&8 0K RN =

{101 S3aAs5fyAS Aalz2ayS 2SadG 112t 0OAS 20062R208
OAt o1 N yASpHPA@INE {RSUWIMRMO2 aidl yRIFINR2g& OK LINE
aUNBUS dzl OF Rdz 2RRSOK24S325 geyAllanot 1 YI1T

dziNJ @ Y& 6 yAIOKR2MNBHOBOE2 656G Syaes ide2 IANIDIASY ALB
al Ol SaAstyAS sLoyS 2S5aili INVIsd2iyerdiAn 256 I 9261 A 02tF
LINB LaANIKI S h Daze gl iIEBI 2@ RAGS8BUS dzl OF Rdz 2RRSO
ol Rdt 23 GYlgal I6aILIMH2Z0 IONRT A Srah by 1RE0oAst 32825 dr NS U dz
2RRSGEZE 20 2 20A3CBI2A D AAM tLIdzZOF LI} H dNR B ¥ S S MI Ré & (i
gSyieplaQiecNAll OKSNESpAaGSRR 61 V& dz LI O2SWisg |
YASI2YUNBt 261 yYDO

Lad20yS bDyk GRARNGERRS@IOEs  alYAS OAtdl1ASe
f SOT Sy A 812 dz6 RS NBIQMNIBAIYRI yEA Sp a 6B Y1 K @R ¥ DR L2 YIRI
Ol eyy21 0A260 2002R20680KJ2 RN I (i 82FRE/OK 2082 O Ka
23s5fy2dzZaiNRP2268 OK SFOAT2PINIBE RAR b HRIBHOS OWG NI f
Mog2R2280K RNRIAMEM 2RRSOK2ge OK



50dz32 0SNXYAYy26S 1 2YaS19SYO2BROQRNBOEOK20 4

PiNT eyYesl yAl &At TYALY 6 2062R26S5S2 aGNBUS
NEY2RStAYWIRP yAdz alDf SZRY20MAa¥®d 2RRASOA | R2
2YGNRBE26Fyn oaNIYN LSOWISIa yw2 NYF AT FO2A LI NI
RSOK2g&@OK ¢ LIN} 0 WSdzio2NRIySOKIZRIeO& (A x88MI2 NS
RT 6ASNOASREI 0 20S0y2106 GNBIFOeOK 1 ®@mmelyl &adi NYz]
ol RYKWAMEA KE I A galld dz RI 881 dzl LINBEBRBEL g2 y|&
0dzNJ SyAl OD2eyyBRE2OAZHNE BRREBEBRIzZLIZY20N YSi2
.25 oABimdz AGAASNRI 2y2 yATATIG2 63 HODRNERRDIC 9 +
062R2680K RN¥3I 2RRSOK2g20K 2Sai Ol eywAlASY
gealdt L2okigaNF O2A 281 NI SiB28 ¢ 6AS dz yIadz2t SGyAay

—) &\ N) NJ —
P

Q

No
(@]

vy | OIsSBYRINE 0 WY @RAIlR LIz  aiiYe T RNRBBRASSOIDHO 62 R2
Lad2dyl NRfl 2082R28sS2 aiuNBFe dzl OF Rdz 2RR
galill1dz2S yI 1TlarRy21 06 6e2RNYOYASYAl FSy2i(eLJ

~h

21FEATFO2Ad t Nko& aOKFNI|ESNMET gl yAl ¢dS@s 34
S (160 aOK2NROIlI 2062R2980K RN33I 2RRSOK2geOf
Gev2l OANT Fadyn yAS12yiNRt 24 mymd FNF A0 5220 yorpd,
LIA N2 YBSEitRIRR ®Y S gy Al A LINJI SRaillgArz2y2 6 ol RI:
AU ASNRTI 2y2s 0SS gseodoalS Neielz2z gsealdtLRslyAl
R2Ge01T & RIASOA T 401 Sayey LR2OITNGIASY 2062l 65
TSyAl 12yiNgd R2DOISHZ]I @K NR G dzZIR i\ T O SER2NEA (T,

N O

QX

f SO
12Y0UNREBAB | AGYed

Y2YASOTy2106 6@2RNYOYASYAL FSy2GeLlz LI} 02
2RRSOK2g& 0K geYl 3l 21NBT &t SyAl sz 1G5 N [ R2
yI2a1dziSOT yAS2al |l b6SBe{dRbt ¥RHOIANRI Y Gey |2
LINI SLIN2P S RTSYyAS o6FRIFZ 1T 1T1adz2az2é6lyASY Nloye

20Syt AOK LINJe@RIFGy21l Oh ¢ 20SyAaAS (tAyAldlySe L



A

t 2RadzY26F YA S

M®#® 2092R26&80K RNRB3IIFI OK 2RRSOK2g&O0OK A &N
Fadyn geadtldzn S alryYS yAS12NI &ady$S 1
F1d@6yS TFLIESYAS 2NIT NBY2RStAy3IoD

HY K2NROI 20862R2680K RN33I 2RRSOK2g& 0K Yz
Fadyns + TYAlLye g GSe2 t21FtAlTlFO2A Y213
OK2NROED

odweilel2 T2t OAll 2062R2680K RN¥3I 2RRSOK?2

g0l Sayey LROEDENYSEY sBNXESYASY LINJ Sof
12y 0UNRf dz2n0S3I2 OK2NRot I 12y MPYENRT OADN
YyASgealdl NOT I 2ndn 12yGNREtnN 262656 OK2N
ndbl At SyAsS T YAAOK REBRBIIGEREFRI 2S5 ait | 2 NBH
OAt 9121 OAN 1IANJ 80 AlBEz & @AIEASY 12y 0 NRT
TFHLRGNI So26FyASY yI tS1A (2yiGNRfdz2anoOSsS
pd¥ K2NROIF 20062R2¢6e& OKeSRINB 30 T2RRAQKA2SsYe OB T @

TFT220NI SyAl Fradye ¢ LINJeal o2l Oao
cdwlyS R2G801N0OS 20S8Sye aidlydz Oieyyz21 OAa
2RRSOK26S32 dz RTASOA 1T TF2aiGNI SyAaSy I a

gSydeftl O2Ar LIwMzOX an 23NryAolz2yS



MPcSOT SyAaAS Fadvye

| St SY tSO1SyAal | axadd &BlayiAa S2 aWNAYMRIOM S 26
YAYANORBIT @1+ B2NRHBEONI S2OAGEMANGL { 2y S2 20 G dzNI O
21 9yeyY StSYSYy(iByoSSRAMIKAABBES {yk/SS LI2 & RSswe OK &

t 2R&GF6N tSOTSyAl Fadvye 2Sad 1Fadzazél ya
LINI SORBEP ai | (YaBOK 21 |

f 3f A1 21 2 Ndioes|2Ya{iUSSNE A R
f RUOdzI2 R$AS FMI 190 W Do y At @2EAR G . ! 0 X
1 RUdz3 2 REARINE SDA ¢ O KSRt 20fyBNyER OV dea OF NeR y' S |y
[ ! ad 0
[ S1FYA 12Y0NRt dz2n0e YA SHYNG StoS 358 O e ®NS v H NP
Ly dF 3R yA@alad o

52RIF01268YA YSO2RIYA atz2aze¢lyeYA ¢ SOIS
Y2y21fzyl-tyéxwﬁﬁﬁi)fmzlm@ﬁmaﬁmﬁmbg zﬂLﬁ@“f 2 NJ
I £ FEALY 0 SNIBYAFIZNE & S y A S 2INEToAdg 23 MINZIRQ2 A G SNR A R |

2 INJ eLJ Rldz 62alGNLIASYAl 202656 RRajqYia NBD
yEtsSany
9 TNk G12RT A YO YSIEHSFNGI®OY [Tt AREAR G . ! 0 X
T LINBLI NI} (& T2y iSWREDBY {6DY {

~

hLlieyYltye R20s5N) f SOT &yiyRI 11  O65De| 2ROMBFEE ¢
gevYl 3t AYREGARIZ Ry SAa ORBWBIADDA Ny S22 20Sye
TFraldz2a261f 60T SyAl

{1 d OIS Sy A | 61 ASoRSHARAN IGRMSBIWIENI 8B 6 R
2RRSOK&GRRIMzy 1 26 yS2 LINI SRS gal adayiad3abh St VB R
OT NaiSOT 1A SeSIH#LIAR S 2 RHEZE LINIG RNE M HKA | 2yRIRIS OKRto &
L2 RalGrFgAS LINI SLIMBGIF RIEEOK o RI Z

T AYKEFEEFG2NE & drONE 3232 ARNENT SRYLKO- yf BINGEIT G 2 NB
OAT YyASYA26S 1T y20RNBEAINAFER2 WSASKWER |

(O JN0)



A

OKf 2 NP bd2 NRERIEN®M2 yISY SNHz2n gAt 14ai s OI DN
AYKEEFG2NE OAT YASYA 26 SLINS aya2dzNO | SRS YY i8S |
Ay K I 8SR\NER b dzZNPLBat A0y S

f LINBLI NI &E! LIABBASNI 2Nn0S  SASy&d NHRBDG 16GK 1
OT NAaGSIOdSUC! yAd 6 ASNF2N0OS (alsame%He L2 al OA

hRLJ2 g A Ryx R2065NJ LINBLI N} iddz 2N}X1T LIR2RI2yA]
a1dzi SOT y2 f SOT SyAl Fadyvyexz &i ol S3astyArAs dz
20062R2680K RNR3IIFIOK 2RRSOK2g6&O0OK®

2 GFroStfA W LINISRaGlIgAzy2 T NBRyAOt OInadas
THESo0y21 OA 6 NBRIF2dz AYKItF{2NI @

[ S w2RI 2 Ay aal!5 o0YOY
LINELIA2Y ALY bdzisé 5t L nzon
0dzZRST 2y AR 5t L nXn
FAZNRPAYALY Y2YS| 5t L 0T
0dzRSTEFFNKR 2 (G SNP € 5t L HXn
bdze | I RfyYS (G SNEP f 5t L no
LINB LIA 2 Y Al Yy Db dzi ¢ LJa 5L HXn
@1tST2yARZI | C! LJa 5L M Z
RALINRPLIAZYALY 0°¢ LJa 5 L M3 M
FAdZNRPAYAL Y Y2YS| LJa 5L HXn
0dzR ST FNK 2 (G SNP € LJa 5L 0XT

YOYC YAINRYSGMY KBt LG2NJ &dzOKS& K2 RNINRde2 NRIZZt I GNE
OKf 2 N2 b dz2 N2 QN yNDI2fy1-50 2B 50A T Y ASY A 20 S RIA 2T 2 NBRY
I SNEReyl YAOT ySea Oi nadsSoOl1a



¢ oSEtIINBRRFAOI OT NaisSOT S 3ItA1212NIe12a0SN2PAR
AYKLEf58B5BNI © o

al ®PL dzo |l RT S2 o ANBRYAOTK 2 & 1IN D ISNB B NRIT R -SYOM
RNRoy20T1 naisSOl 1262y 4RI 2% &3/5t9 sk 835201 SIs f v

Md%l 23 0NJ SYyAS adye

O
»

MOTSEAU yRDBYYALA sl sl tlean

YAS laldyvye RSUyAdzeS aiat 2112 ylF 308
I gAal Ol nOe 2RRSHNIIE RANAIWEF WSO NS &1 SBFEEHE OB
ita2Rn YAY2 Tlawsizaz2elyS3az2 ¢ SOT Syal

(s}
Q.
[N
_<
(D¢
_<

JTeyyAlA seisltlands T12adNi Sya

AYy¥FS102S RN»EI 26 R&ibadg 8irasov;,
YINIO3SYAS, yI | £f SNBESy&
zanieczyszczenie powietrza, w tym dym tytonipwy

zmiana pogody

=4 =/ = =4 =2

niestosowanie wGKS
Dodatkowo djawy astmyman o6&o6 ¢ea20FyS LINJ S1

geaiovsS|y FTAl eolyex:
silne emocje,

T odzNT SyAl Llaeé OKROIYNY § gndrsdady@dEini,2 N0 S

= =/ =_ =4
)

leki, takie jak -blokery, niesteroidowe leki przeciwzapalne.

% 2aGNI SyAS Fadvye 28ad adalySy (1tAyAadiyey.
Y23N N»OyAo &At ¢ 11 tSdoy21i OA 2R 6AS1dzx TSy

op



N

O

Z
&
(@]

Ol Sayl ARSydeaUlrOal LINJeldley 1112ai
32 tSOTSYyAlr A TFLROASIALIYAl LRGALOLY

o N
N

[N

(0p))

O

—)

(0p))

y

Q¢ O
— R

2% O20SYy Al A OStS LINI Oe

fS o0FRIFZ dz2t 6eOK ¢ NRIT LN gAS

(0p))

/
MdhOSYINT @ RHGyaRAII2ZGR 6 YA ¥ SKIZRRBIO D HiIdSKINBYGA |
LIOdzOZ 1163 Gy LI2RalG 6AS LINI &It NRdz LIAT YASYYAC
HOT ey y2i2@8/dpB 2 B2 a i NRTRR SIGABBRAz2 Y2 0N Lh{ X b
02ReLX Siad RAIANIAWMAYBN T I f Sd22IAAI NBR A 202 65
a 0 2 NGO CBy2ANR 6 &
oWl dyy21DA2PBs2R2680K RN I | 2RRYQIONGELIK{ = b
02Re L) Stiad R2EANDWAT T®2adNI SyaSy ladye
nayl f AINF & RIDY RN V3AANG BR 2 6 @ OKR REBXIK2YBARING 2 vy e OK
L2 ROd2RE LI Siel Y2IANI UADR20RSY FeRIAMBNEBAM LTh{ | &
YAS 12y W2t 2461 v

3. Metodologia

2 O2A1MBT £ SYyAl YIONRRRI (bfied2080ASy A S Ol eyy21 OA2
2RRSOK2¢S3aZ deINIRS ABD&EIl y2 Rz2zaidt LY SR2 18zt PDPLO
GRI2NVEEBEIHR 20SyAS 1t Ayar0E ME@ 1S60 B3 yiEsyd [LIO dz
I & G N

5{30SQleeyy2R02RG&S2 aliNBTe az]liod RIRFEORMRE OK 2 ¢
21 NBTEIBYARIIWYRITI OE&INs 6 2062R2068 0/ ARNYT ¢ @ RRGE
LI 02Syildsg |1 I & 0 ¥ MINTYS LISNI2 g6 RREERA 28 1y W 15 1dD) A0 R dz
2RRSOKR 6588 Y ldie NEPS Sai NR & LI &1 G AN Wh{ X bua. 2
Fadyn (12y0NRE2g61FyNs yAS{2yiNRE2gLynD 2NXT 11 2

. FRIYAS dd eaillv2 1 32Rt Y2YAaa2ia .Az2S80GediySe
0l RIgyQMIORE ¥ OMA STdZfNRB T LRT YYD Fadyns L1 2adl

ocC



t ySdzy2y 2t 23AA A ! f SNINEI DRSH208 108 1df /B tXABrOV & OFS 3

Ll262Rdz T 2a0NB8YyADI REFAYE T I4%ONQALWMRES Y @5 6
YyASgeaYl 3t HP2DENIRA Ve OK B2 RIORIZYRIDEA Db Rdz
2RRSOK26S32 ¢ GNI1OAS T 2aGNI SyAl o
YNBGSNRI 60ONOI SyAl R2 oO0FRFEYALY
NI LRAGAYY
B OK y ALEI LyNUERY| @ ya lYRES e yy 2I0BARIsRdz 2 RRSOK26 S

dze&d|1lyAS 1T 32ReRVAKSOLRIYAS
dkeall yASel|2yReyRYFRA NBRT AOFk2LIA S dzyl RT A
YNBGSNRI g20NOTSYyAl 1T oO0FRFEYALY
T 601 ST yAl Olig2
Aaltatl dzNPRT SyAazsl
T 12yASOIly21 6 adtzazeélyAiAl gSyidetloO2r 6 21N
ReALX I 2AaIeaQWNI St 242
T WT LRTYFYAS AyyeOK LINMIRRASIOK)2®SAR OK2 Nb 0 dz
T W LR2TYFYAS &RR LEsdxdd

= =/ =4 =2

=
<,

hOSyt 12y iNRtSLINESIRERY2I oyAFS 1 6S&d02Yy | NAC
| A00vBAf RK22R | & EKYO! //¢2 yRENR tRTASAOR G K Y Imu/ NP { N2
¢SAG! / RT REMOA NR 1 dz d8O0AlL0d 1 alGyYt yYyAS|{2yUiNRTE 2
dzl ea M Alddzy 1 G5 6 T NE ¢ gRI1/BC Zh SAIQARSY All/ae | ad vyt
™ LINJ & LI R |z ndziLada/ (i Adle oSBT OAB T ! Lizy PN B & n (¢
O/ ¢0 LINJ&@ oN¥{(dz TF2adNI SyAal Oommxyd Faidl dyywm
Gedami SR 60NOT SyAaSY R2 o6l RIFEYAL®

Y%l 230 NASWBE Y A 228 1y22 gyd &AOBUINDY A S EEZABs 63
i 120K T6Aal Ol ndOe 2RRSOKEs NBdzadzy ¥ B2 61 021
Tradz2azeélyS3az tSOTSyAl o

t - 02SyOAx (idsNie T2aidltA TF18IEARMNRSI Y.
Ol eyy2i OA268 0K dz| & KWdzd BRIREDBRASERR 2D G 8y # 1z A
| I NBCdzAA2y X { Iy tmA$BBYyRY wdz! 1o 2ib a2 RO 6yASSYd N.
OFNI Oo2ylf SEKIFItSR yAGNARO 2EARST CcSbh o6bh

oT



. 2d2f RSNE /hz {10 bua.? O09EKIt&TSNX¥5bHn a.
{6A0GT SNI YR a2Dgl NB OSNERAZ2Y {LANRGINB o0®H
5A832 /1 ® ! d{ d0I O62ReLJ} SGel Yy23aNr Ut o6al aidSNJ
t2 LIN 6y 21 06 g e 2OSHMIG SRBONEE 2 YSYIRISONE 1 241 A S 3
¢26 NJ @adsl YEIVENK O ¥ SNKEAD RPN 2ON 88 B2 ¢ 2
/| K2 N¥k 0O deNRdzdS Foy  wS & 03ANNIT § 2NBdzo{t AQ2PBi ey e OK adl yR
ALho®pdHm e

h OSySAd WI Y S i NE
T { LANRYSGONRL
o blitd2yl o @RBOK2410 LIASNBAT 24S1dzyR261 0
o blradtodoz2yl Lk22SYy216 0@80A28lF o0Czx/ 00X
o {G2adzyS]1 C9+mMKkCx/ ®
T .2ReLX Sde&T Y23aN) Ul
o {LISOdUO0Tye 2LI3NI RN¥3 2RRSOK2628 0K 0aw!
o/ O126A01 LRa2SYy2106 LIdzO 6¢[/ 03X
o hoat 216 1T1FtS3aFrandk owz0xX
o {G2adzyS1 wxkc¢[/ ®
T haOetft2YSOGNAI YAYLIMzZ a26lF 6Lh{0
o hLIs NI LINIJ & p |11 owpozZ
0 hLI NJ LINIJ & wn |
0 wsdYyAOlIRNSLI2 NHR R S DNE@ 6t220K2I1GO R R T @ | |

—

OWHANU X

O WgpH N0 Z
o wSFH{dlryodeal LINié& p 11T o6-p0Z
o t2f8 NBF{1dlIyOa2aar 6! - -0%

o /Ttadt2GtAg21 06 NBI2ylyazél O6CNBaod
¢ aSi2zRII NHa.?2
o 2a1liyAl 1fANByadz LOdzO o[/ LO X
o 2a1lTyAl ReaitNerodzO2A ¢Syideéetl O2a ¢ ail
0 2&41+FTyAl ReaiGNeBodzO2rar gSydGetl O02Ar ¢ aidl
T CSbrh { Gt d0SyAS GtSyldz FT2Gdz 6 LR26ASGOINI dz &

oy



LYGSNILINBGF 02l geyAlse

2371240128 LR N2MOPWERIGSEFTMwE] U3NB t Al6261 y2
g NI 21 OAl OK 18S16d 13d It t(RRINE QK ded LR 2 YA OK/ t £ SO B OK

YIS0y S2yao fLB2GRAERE BtALSdz2 N0 OK geie Ol yea OKY

T { LIAANR YS{NR ICYHzyDia 25/ fL Y[AdBBD IS O6HAMHO I
T .2ReLX SGel Y2INIBBY %l LI SGlt A gaLllps
T Lh{Y 5S8SyO1SNI 2NIT B28SNRSt k[ SOK(iSyo2SNASNE
T bHa.2Y DdzAdG 82y A | 2dz 41 @&
%S 41 3t RA2WENT T CRAMNRIENI Y256 (A NRwa NS IS NJ
oPodPMT 902 LIABRAYAED LINI Syt AB2RY¥S Uzl &/R6ly S
2LINBINI Y26 YAI ®

5SUyAO2lI gl NIi21 OA YASLIN}Y 6ARU2g & OK

T 2FNI2TOA dd ylFgly2 T+ YyASLINI 6ARU26S> 2ST A
o t 2y Axwdscei® 2 INB
ot2gedoScmadNBp |
T hoiGdzN» O2F RN3YI CHDR R& C b &k2 NS S3p2
T t dzZOIWAGA SYA NI K ¢ [ /  LIEGORNSB3D mPdcnp |
T t2Rgedal 2y Y gaNIIR2 166 [LOLNI YRORINBIDZ 6280S2 M
aSi2Re adGlrideaiediys
Ly Faxilltieade Ol yn2i UWNTLRLIINRGIT {REINRB/A ION dzm dl ¢ @ DX
LYOodsS ¢dINAISRAGS R 2 WBINJ SRT AL 0@ YxXt RT @16 NI &
52 FylFfAlT @ Tradtzazeély2 ylaiatLldznoS (Saidey
T ¢Sal0 RAANYYRE I! T YASYyyeOK Af2] OA2g6e0KXZ
T ¢SAGCRIKIAU YASYYye@OK 21121 OA2g68 0OKX
T ¢Sad {LBRNNZQSye LRiSyoOalftye@OK {12NBftlO2A
lyLFtEAT 26 yS 1 2NBt O0e2S

hOSyAazy2 {1 2NBfl 028 YAtRI & ylaidtLdzznoayYar L

o



T wek EGIY2WEWST LI NI YSOUGNF YA 20062R268 0K RNy I 2
I LRLYH@QD it a .
T LI- NJ IYBXhNI LI NJYBS & Ngs
52RIF(0126220%ye0Sityr O1T SYyAlI 2062R28S2 aiNBT
OAt 9121 OA LINNS Sk FHAGRNBANVORS LIRYAtRI & LI NYS
RN 3 OKRRGK | aili2LIWASY §SOTSyAl Fradye 63 DLb!
Bl Aad2dyS aidl (emRBOGHyHS dd yIy2 N OdYyAOS

Ly FEAT T LINI @RFGYy2T OA LI N} YSGNF &

hOSyt LINJe@RFGy2T OA LI2&l O1 S3sfyeaOK LI N¥YSH
20SYAS {12yGNREtA lFadvye 1IN SanNO6S Bz PSS NI R LIS IR
OK I NI Qid/ NI d @ 6 I vy MIeYOONEA SRt I (s NEOK dz @4\
Nbk O YRI3t RT & 3INHzILJIAYIA NLI| @ K Y\ X B162 WIUNB E 261 y DD

4. Publikag

bl Oelf LdBBANl O2ARINEDSI Rl adzYF NEOT yéy 6alLls
Cl O o3INdzy | @lb @ 'K pdp

ndmIgal Ol 1 aX tSNYXRT&Zail Wod w%-adz2az2sol
RAFIy2aie0s O &yy2d oMzl LIoAets 1dE &RT A SO
HAMT T ¢ APOdpov@YpAy{y2 I M p

noH2F gal OT ] a3 Ydz tZBNREDKERBNI RIRREL & aWHY D
OKAf RNBayi( KoLl KSEF OSNB Db Yy wS&LIANI G2 NE W2
HAHHTM®mMAOR®Y GE BEldzy | @b @ICA ™

ndo2l gal Ol 1 a3 YdzZ BZAlI ay2880F RO®&A] De WD T
Fdzy Oa 2y YSI adzNBYSy (02 yAIWRLI I RaAalSENRYS yrhayd
t2ad0Gt LI SSNNXIFG2f23AA L ! fSNH2f23AA®
HNHOTRN Aorcd Y TIr Bldzy | @& IblA@imn

nn



PEDIATRIA POLSKA 92 (2017) 588-593

ELSEVIER

journal homepage: www.elsevier.com/locate/pepo

Dostepne online www.sciencedirect.com

ScienceDirect

Praca pogladowa/Review

Zastosowanie metody wyplukiwania gazéw

@ CrossMark

w diagnostyce czynnosciowej ptuc u dzieci

The applicability of inert gas washout method in pulmonary
function testing in chidren

Maria Wawszczak %, Joanna Peradzyfnska *>

1 Klinika Pneumonologii i Alergologii Wieku Dzieciecego WUM, Warszawa, Polska
2 Zaktad Epidemiologii, WUM, Warszawa, Polska
3 Pracownia Patofizjologii Oddychania Kliniki Pneumonologii i Alergologii Wieku Dzieciecego, WUM, Warszawa,

Polska

INFORMACJE O ARTYKULE

ABSTRACT

Historia artykutu:
Otrzymano: 10.03.2017
Zaakceptowano: 13.03.2017
Dostepne online: 24.03.2017

Stowa kluczowe:

e badania czynno$ciowe uktadu
oddechowego

obwodowe drogi oddechowe
wskaznik oczyszczania ptuc
mukowiscydoza

astma

Key words:

e Pulmonary function testing
e Peripheral airways

e Lung clearance index

e Cystic fibrosis

° Asthma

The inert gas washout (IGW) is a noninvasive measurement applicable in evaluation of
peripheral airway function. This technique offers information about pulmonary ventila-
tion inhomogeneity and provides insight into the evolution of pathological processes by
assessing the efficiency of inert gases washout. The method can be performed by two
techniques: single breath washout (SBW) test which involves a vital capacity maneuvers
and over a series of tidal breathes termed a multiple breath washout test (MBW).

The utility of IGV was demonstrated in diagnosis and management of chronic pulmo-
nary conditions particularly in cystic fibrosis and asthma. It is characterized by a higher
sensitivity than spirometry in detecting early lung function abnormalities. Despite this,
the widespread application of IGW in clinical setting is limited by poor availability of
devices and lack of clearly defined international recommendation for the interpretation
of the results. The article represents a theoretical background and clinical utility of this
method.
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Wstep

W wiekszoéci choréb przewleklych ukladu ocddechowego
wystepuja zmiany patologiczne w obwodowych drogach
oddechowych. S3 one spowodowane obecnoédcig wydzieliny,
jej zaleganiem lub nadprodukcjg, a takze zmianami struk-
tury drég oddechowych, powstalymi w wynikue procesu
zapalnego. Metody Kklasyczne, takie jak spirometria
i pletyzmografia calego ciala, nie sg wystarczajgco czule, aby
byly przydatne w diagnostyce i monitorowaniu zaburzen
w tej strefie ukladu oddechowego. Obecnie, dzieki rozwojowi
techniki i modernizacji starych metod badania czynnosci
ukltadu oddechowego, dostepne sg bardziej precyzyjne
narzedzia, takie jak oscylometria impulsowa oraz metoda
wyplukiwania gazow,

Celem tego artykulu jest oméwienie techniki wykonania
oraz zastosowania klinicznego metody wyptukiwania gazéw.

Metoda wyplukiwania gazéw (Inert Gas Washout)
Opis metody

Metoda wyplukiwania gazéw pozwala oszacowaé jednorod-
noé¢ wentylacji pluc i charakter wystepujacych zmian
patoiogicznych poprzez ocene dynamiki wyptukiwania gazu
znacznikowege z drég oddechowych [1]. W badaniu majg
zastosowanie gazy trudno rozpuszczalne we krwi i o niskim
powinowactwie do tkanek, wsrdd ktérych nalezy wymienié
heksafluorek siarki (SF6), hel (He) i wchodzacy w skiad
powietrza atmosferycznego azot (Np), wyphukiwany z drog
oddechowych za pomocg 100% tlenu (najczesciej stosowana
metoda). Transport gazu w obwodowych strefach ukladu
oddechowego oraz efektywnos¢ jego wyplukiwania s uza-
leznione od $rednicy drég przewodzacych oraz jednorod-
noéci wentylacji sasiadujgcych jednostek pluc majgcych
wspélny punkt podzialu w drogach przewodzacych [1].
Efektywnosé wyptukiwania gazu maleje w przypadku wyste-
powania znacznej roznicy w budowie poszczegdlnych jedno-
stek phuc i/lub uposledzenia droznoéci drobnych drég prze-
wodzgcych. Wowcezas wzrasta transport czgsteczek gazu
pomigdzy jednostkami pluc (gronami pluc), a maleje
w kierunku drég przewodzacych.

Techniki wykonania badania

Badanie moze by¢ wykonane dwoma technikami:
pomiarem w trakcie jednego oddechu (single-breath inert
gas washout; SBW) — wymagane jest wykonanie manew-
réw oddechowych w zakresie pojemnosci zyciowej,
pomiarem podczas wielu oddechéw (multiple-breath inert
gas washout, MBW) - pacjent swobodnie réwnomiernie
oddycha przez uklad pomiarowy.

.

Metoda wyptukiwania gazu w trakcie pojedynczego oddechu
{single-breath inert gas washout; SBW)

W metodzie SBW badanie jest przeprowadzane z ogra-
niczeniem predkosci przeplywu powietrza przez uklad

pomiarowy do 05 Vsek [1, 2]. Osoba badana wykonuje
szereg manewrow oddechowych w celu pomiaru pojemnosci
zyciowej ptuc: wydech do objetoéci zalegajgcej, nastepnie
wdech do catkowitej pojemnosci pluc, w czasie ktdrego jest
podawany 100-procentowy tlen (metoda wyplukiwania
azotu) lub mieszanina gazéw znacznikowych i ponownie
pelny wydech. Rejestrowane zmiany stezenia gazu znaczni-
kowego w wydychanym powietrzu s3 zapisywane w postaci
krzywej ekspirogramu (Ryc. 1), sktadajgcej sie z kilku faz: T -
przedstawia wyplukiwanie gazu z przestrzeni martwej, IT —
faza oskrzelowa, Ill — faza pecherzykowa, IV — prezentuje
zamykanie sie drobnych oskrzeli pod koniec maksymalnego
wydechu w momencie osiagniecia objetosci zalegajacej [1].

O niejednorodnodei wentylacji pluc dwiadczy wzrost
nachyienia fazy pecherzykowej krzywe) ekspirogramu, ktére
przedstawia wskaznik SII [1, 2]. Za wskaznik obturacji
obwodowych drég oddechowych dawniej uwazano podwyz-
szong wartoéé objetoéci zamykajacej (closing volume; CV) —
objetos¢ powietrza usunietego z pluc podczas IV fazy
ekspirogramu. Z uwagi jednak na nisks czuloé¢ w grupie
pediatrycznej, ten wskaznik obecnie w zasadzie nie jest
brany pod uwage w interpretacji badania.

Poniewaz giéwnym ograniczeniemn metody pojedynczego
oddechu jest koniecznoéé wykonywania przez osobe badana
manewréw oddechowych, mozna zastosowaé jej modyfika-
cje polegajacy na przeprowadzeniu pomiarow podczas swo-
bodnego oddychania dziecka w zakresie objgtosci oddecho-
wej lub z pominieciem manewru natezonego wydechu
(wykonanie natezonego wdechu lub wdechu o objgtosci
1 litra od poziomu czynnosciowej pojemnosci zalegajacej)
13]-

Powtarzalno$é metody SBW zalezy w duzym stopniu od
wspdipracy osoby badanej i jest znacznie niZsza u pacjen-
téw pediatrycznych niz u oséb doroslych. Wspolczynnik
zmienno$ci wynosi okolo 20—25% [4].

Metoda wyplukiwania gazu w trakeie wielu oddechéw
(multiple-breath inert gas washout; MBW)

Badanie polega na spokejnym i réwnomiernym oddychaniu
przez ukiad pomiarowy i niewykonywaniu manewrow
powodujgcych zamkniecie glosni [1, 2, 5], Czas trwania
pojedynczej préby wynosi od 3 do 5 minut w zaleznoscl od
wieku pacjenta i stopnia nasilenia zmian chorobowych,
wymagane jest uzyskanie co najmniej trzech technicznie
akceptowalnych zapiséw.

Jesli w wydychanym powietrzu jest oznaczane stezenie
azotu wchodzacego w sklad powietrza atmosferycznego,
pacjentowi do oddychania jest podawany 100-procentowy
ten. W przypadku uzyciz innych gazéw znacznikowych
muszg by¢ one najpierw podane pacjentowi do oddychania,
a przed rozpoczeciem ich wyphikiwania nalezy sie upewnic,
ze osiggnely réwnomierne stezenie w calych phucach. Bada-
nie MBW jest zakorczone, kiedy odnotowuje sig¢ spadek
stezenia gazu znacznikowego do 1/40 stezenia poczatko-
wego, odpowiadajgce okolo 2,5% azotu dla N2 MBW i 0,1%
heksafluorku siarki/helu w badaniu z uzyciem tych gazow
znacznikowych.

Do wskaznikéw réwnomiemosci dystrybucji wentylacji
pluc ocenianych metodg MBW nalezs: [1, 2|.
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Ryc. 1 - Krzywa ekspirogramu rejestrowanego podczas
metody N2 SBW. Na podstawie [1] w modyfikacji wiasnej
Fig. 1 — The expirogram curve recording during N2 SBW.
According [1] own modification

- wspdlezynnik oczyszezania (Klirensu) pluc (lung clearence
index; LCI) — calosciowo opisujacy niejednorodnosé wenty-
lacji ptuc, ktéry jest ilorazem catkowitej objetosci wydy-
chanege w trakcie badania gazu i czynnosciowej pojem-
nosci zalegajacej (Functional Residual Capacity; FRC).

- FRC jest ilorazem catkowitej objetosci gazu znacznikowego

usunigtego z phic do réznicy pomiedzy koricowo-wyde-

chowym stezeniemn tego gazu zarejestrowanym na poczat-
ku i1 koAcu badania. Nalezy zaznaczyé, Zze wartos¢ FRC
mierzonege metodg MBW wykazuje pojemnosé partii pluc
wentylowanych podczas spokojnego oddychania pacjenta.

Z pomiaru s3 wylaczone strefy ukladu oddechowego, gdzie

istnieje pulapka powietrza. Z tego powodu wartosé

FRCpypw jest nizsza od FRC mierzonego metoda bodyple-

tyzmograficzng.

Scond (conductive airway inhomogeneity) 1 Sacin (acinar

airway inhomogeneity), obliczane na podstawie analizy

nachylenia Il fazy (fazy pecherzykowej) poszczegdlnych
ekspirogramdw. Wartoé¢ wskaznika Scond odzwierciedia
gldwnie stan drobnych drég przewedzgcych, natomiast

Sacin - jednorodnes¢ wentylacji jednostek pluc. W przy-

padku istnienia znacznej pulapki powietrznej wartosci

Scond i Sacin mogg by¢ zafatszowane [6, 7].

W przypadku wystgpowania 2zmian patologicznych
w obwodowych drogach oddechowych jest obserwowany
wzrost wartosci parametrdw niejednorodnoéci wentylacji
pluc: LCI, Scond i Sacin. Obecnie niestety nie ma jedne-
znacznych, migdzynarodowych zaleceri okreslajgcych géma
granice normy dla poszczegblnych parametrdw, co znacznie
utrudnia interpretacje wynikdw badan. Wartosé LCI
u zdrowych dzieci waha sig w granicach 6-7 [1].

Technika MBW charakteryzuje sie wysoks powtarzalno-
scig zardwno krotko-, jak i diugoterminowy [8-10]. Powta-
rzalnoéé wskaznika LCI w odstepie jednej godziny wynosi
4,2%, natomiast w odstepnie 6-15 miesiecy 51% [10].
Wspolczynnik zmiennosci LCI dla trzech prawidiowo wyko-
nanych pomiaréw w irakcie jednej wizyty wynosi 5,1%.
Wartosé wskaznikéw Scond i Sacin u 0sob zdrowych zalezy

gléwmie od wieku, natomiast LCI wydaje sie mieé stalg
warto$¢ osobniczg od okresu niemowlecego do dorosiesci i
nieznacznie wzrasta w wieku podesziym. Nie zalezy od
wagi, wzrostu i pici [10].

Kryteria oceny poprawnosci i powtarzalnodci metody
wyplukiwania gazu zostaly ustalone w 2013 roku przez
Amerykanskie Towarzystwe Chordb Pluc {(American Thoracic
Society; ATS) i Europejskie Towarzystwo Choréb Pluc (Euro-
pean Respiratory Society; ERS) [2].

Zastosowanie metody wyplukiwania gazéw
Mukowiscydoza

Spirometria pozostaje jednym z najczesciej wykonywanych
badarl stoscwanych w monitorowaniu zmian w drogach
oddechowych w przebiegu mukowiscydozy. Nie jest jednak
wystarczajgco czula we wczesnym etapie choroby i nie
zawsze koreluje z wynikami badari obrazowych. Ma réwniez
ograniczone zastosowanie Uu pacjentdw najmlodszych,
z uwagi na koniecznoéé wspolpracy podczas badania. Ocena
dystrybucji wentylacji pluc technika MBW wydaje sie byé
szezegdlnie przydatnym narzedziem w tej grupie wiekowe;j.
Ponadic jej skutecznosé w wykrywaniu zmian w ukladzie
oddechowym jest poréwnywalna do tomografi komputero-
wej wysokiej rozdzielczodci (TKWR), co pozwala sgdzié
o mozliwosci zamiennego stosowania tych metod [11].
Autorzy pracy proponuja, aby w praktyce klinicznej MBW
bylo metodg preferowang. Takie postepowanie ma na celu
ograniczenie wielokrotnego narazania pacjentdéw z muko-
wiscydozg na szkodliwe dzialanie promieniowania jonizuja-
cego.

U niemal wszystkich pacjentéw z mukowiscydozg sg
obserwowane podwyzszone wartodci LCI, Scond i Sacin [6,
12]. Wezesnym markerem wystepowania zaburzenia wenty-
lacji pluc wydaje sie byé wzrost wartodci Scond, ktéry po
osiagnieciu wartosci maksymalnej 0,150 nie zmienia sig.
Stosunkowe poZnym zjawiskiern wydaje sie by¢ warost
wartoéci Sacin, wystgpujacy zazwyczaj przy wzroscie LCI
powyiej 10. Wartosc wskaznikéw niejednorodnosci wentyla-
cji pluc zalezy od stopnia zaawansowania zmian w ukladzie
oddechowym, stanu klinicznego chorego oraz obecnosci
przewleklego zakazenia [13-15]). Metoda jest takze przydat-
nym narzedziem w ocenie interwencji terapeutycznych [16,
17]. W badaniach z uzyciem hipertonicznej soli, dornazy alfa
i ivacaftoru wykazano znamienne réznice w wartodciach
mierzonych parametréw przed i po zastosowaniu leczenia.

Ocena pacjentéw z mukowiscydozg jest mozliwa réwniez
za pomocg metody SBW z pomiarem w zakresie objetosci
oddechowej (bez wykonywania manewréw oddechowych).
W badaniu Singer i wsp. [18] deokonano oceny ukltadu
oddechowego za pomocg techniki N2 MBW i SBW z uzyciem
mieszaniny dwéch gazéw znacznikowych: 5F6 i He. Podwyz-
szong warto$¢ SIII stwierdzono u 59% pacjentéw z muko-
wiscydoza, wykazano takie pozytywng korelacje wskainika
z LCI i Sacin. Pomiar metods SBW z uzyciem dwdch
gazéw znacznikowych wydaje sie by¢ takze przydatnym
narzedziem w monitorowaniu interwencji terapeutycznych
[19}.
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Astma oskrzelowa

Ocena stanu czynnosciowego obwodowych drég oddecho-
wych u pacjentéw chorujgcych na astme oskrzelows jest
niezwykle istotna, poniewaZ jest to pierwsza lokalizacja,
gdzie dochodzi do zaburzen. Pewng nadzieje poklada sie
w metodzie wyplukiwania gazéw, ktéra réwniez w ocenie
pacjentéw z astmg oskrzelowa zdaje sig¢ byé bardziej czulg
technikg od badania spirometrycznego [20].

Wsréd wskaznikéw MBW wcezesnym markerem nigjedno-
rodnodci wentylacji pluc jest wzrost wartoéci Scond, obser-
wowany u okolo 60% pacjentdéw z astmg oskrzelowg [21].
Jego podwyziszona wartos¢ dobrze koreluje z obecnoscig
nadreaktywnoéci oskrzeli oraz wzrostem steZenia tlenku
azotu w wydychanym powietrzu. Wzrost pozostatych
wskaznikéw niejednorodnosci wentylacji phuc - LCI i Sacin
obserwuje sie przewaznie u pacjentéw w zaawansowanym
stadium choroby lub z zaostrzeniem astmy oskrzelowej [22,
23]. W badaniach przeprowadzonych u dorostych stwierdzo-
no dobra korelacje wskaZnikéw fazy pecherzykowe] ze
stopniem kontroli astmy oskrzelowej, natomiast wartos¢
Sacin, a nie Scond, dobrze korespondowala z wartoicig FEV1
i wydaje sie by¢ istotnym wskaznikiem stadium zaawanso-
wania zmian patologicznych i czynnikiem ryzyka zaostrze-
nia choroby. W kilku badaniach oceniono zmiane wskazni-
kéw rownomiernosci dystrybucji wentylacji pluc w prébie
Z betamimetykiem [9, 12, 20]. Po podaniu salbutamolu
stwierdzono obnizenie wartosci LCI { Scond, jednak nie do
wartoéci uzyskanych w grupie kentrolne;j.

Metodg SBW podczas swobodnego oddychania oceniono
zaburzenia wentylacji pluc u dzieci z lagodng astma oskrze-
lowa w badaniu Singer i wsp. [24]. Wykonanc pomiary
dwoma technikami: z oceng stezenia azotu w wydychanym
powietrzu oraz z uzyciem mieszaniny gazéw znaczniko-
wych, uzyskujac nieprawidlowe wyniki u okolo 1/3 pacjen-
téw z astmy oskrzelowsy.

Nawracajace obturacje oskrzeli

Podobnie jak u dzieci z astmg oskrzelowa, najbardziej
czulym wskaznikiem zaburzenia jednorodnosci wentylacji
pluc u dzieci z nawracajgcymi obturacjami oskrzeli jest
Scond [25]. Warto§ci pozostalych wskaznikéw MBW - LCI
i Sacin pozostajg prawidiowe. Scond wydaje sie by¢ przy-
datnym wskaZnikiem w réznicowaniu fenotypow obturacji
oskrzeli u dzieci - jego podwyzszong warto$¢ stwierdzono
wylgcznie u dzieci z nawracajacymi obturacjami oskrzeli
wywolanymi wieloma czynnikami.

Zastosowanie techniki MBW u niemowlgt

Metoda wyplukiwania gazéw znalazla zastosowanie w czyn-
noéciowej ocenie uktadu oddechowego u niemowlat, szcze-
golnie u dzieci przedwczesnie urodzonych, z dysplazjg
oskrzelowo-ptucng i mukowiscydozg [2, 26]. Badanie jest
wykonywane z uzyciem gazéw znacznikowych, takich jak
hel i heksafluorek siarki. Kontrowersje budzi natomiast
ocena dynamiki wyplukiwania z drog oddechowych azotuy,
z uwagi na konieczno$¢ zastosowania w badaniu 100-
procentowego tlenu. Wéwczas istnieje ryzyke wywolania

nirn u malego dziecka hipowentylacji, co moze mieé wplyw
na wiarygodnos¢ i bezpieczeristwo badania [27].

Dysplazja oskrzelowo-plucna

Przydatnos¢ techniki wyplukiwania gazu w monitorowaniu
dzieci z dysplazjg oskrzelowo-plucng jest dyskusyjna [28-
30]. Czes¢ autoréw deklaruje istotng statystycznie zmiang
wartoéci parametréw: obnizenie wartosci FRC i wzrost war-
tosci LCI oraz ich korelacje z cigzkoscia przebiegu dysplazji
oskrzelowo-plucnej.

Zarostowe zapalenie oskrzelikéw

Wigkszos¢ doniesien o wystepowaniu zaburzenia réwmo-
miernodci dystrybucji wentylacji ptuc w zarostowym zapale-
niu oskrzelikéw dotyczy pacjentéw po transplantacji narzg-
déw. Wykazano podwyzszone wartosci zaréwno wskaznika
LCL, jak i parametréw fazy pecherzykowej ekspirogramu
oraz ich korelacje z wystepowaniem choroby przeszczep-
przeciwko-gospodarzowi [31]. Podobne wyniki uzyskano
w pracy Gur 1 wsp. [32], gdzie oceniano parametry wentylacji
phuc u dzieci z zarostowym zapaleniem oskrzelikéw wywo-
tanym najprawdopodobniej przebytym zakazeniem adeno-

Wirusowym.
Pierwotna dyskineza rzesek

U dzieci z pierwotng dyskinezg rzesek nieprawidlowe wyniki
wskaznikéw jednorodnosci dystrybucji wentylacji ptuc
wykazano w 80-90% przypadkéw (84% dla LCI, 96% dla
Scond i 78% dla Sacin), réwniez w grupie pacjentéw
z prawidlowym wynikiem spirometrii [7]. Wartos¢ LCI kores-
pondowala z Sacin, natomiast wartos¢ Scond, podobnie jak
u pacjentéw z mukowiscydozg, po osiaggnieciu wartosci
maksymalnej nie narastala, lecz obnizala sie, pomimo
progresji choroby.

Korelacje wskainikéw MBW (LCI) z obrazem pluc
w tomografii komputerowej wysokiej rozdzielczosci oce-
niono w dwéch badaniach [33, 34). Wyniki sg jednak
sprzeczne, czego przyczyng moze by¢ nieco odmienna
metodyka badania oraz réznice w stopniu zaawansowania
choroby w dwéch grupach badanych.

Podsumowanie

Metoda wyplukiwania gazéw wydaje sie byé obiecujacg
techniky cceny nasilenia zmian w obwodowych drogach
oddechowych. Charakteryzuje sie wyzsza czuloscia niz
badanie spirometryczne, wedlug niektérych autoréw
poréwnywalng do TKWR. jest szczegdlnie przydatnym
narzedziem w diagnostyce i monitorowaniu takich chordb
przewleklych ukladu oddechowege, jak mukowiscydoza
i astma wczesnodziecieca. Zalety metody jest jej niska
inwazyinos¢ oraz mozliwoé¢ wykonania pomiaréw przy
minimalnej wspélpracy ze strony pacjenta. Ograniczeniem
w szerokim zastosowaniu jest nadal niewystarczajaca
dostepnosé sprzetu, a takze brak jednolitych kryteriow
interpretacji badania.
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1 | INTRODUCTION

Asthma is a heterogeneous condition characterized by
airway hyperresponsiveness and variable airflow limita-
tion in response to diverse of stimuli' Historically,
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Abstract

Objective: The literature provides some evidence of peripheral airways key
role in the pathogenesis of asthma. However, the extent to which lung periph-
ery including acinar zone contribute to asthma activity and control in pediatric
population is unclear. Therefore, the aim of the study was to estimate periph-
eral airways involvement in children with asthma exacerbation and stable
asthma simultaneously via different pulmonary function tests.

Methods: Children with asthma exacerbation (n = 20) and stable asthma
(n = 22) performed spirometry, body plethysmography, exhaled nitric oxide,
impulse oscillometry (I10S), and multiple-breath washout (MBW).

Results: Peripheral airway’s function indexes were increased in children with
asthma, particularly in group with asthma exacerbation when compared with
stable asthma group. The prevalence of abnormal results was significantly
higher in asthma exacerbation. All children with asthma exacerbation had
conductive ventilation inhomogeneity; 76% had acinar ventilation inhomoge-
neity. According to I0S measurements, resistance and reactance were within
normal range, but other IOS parameters were significantly higher in children
with asthma exacerbation compared with stable asthma group. The 36% of
children with acute asthma had air trapping.

Conclusion: Significant involvement of peripheral airways was observed in
children with asthma, particularly in asthma exacerbation, which determine
lung periphery as important additional target for therapy and provide new
insights into pathophysiological process of pediatric asthma.

KEYWORDS
acute asthma, impulse oscillometry, inert gas washout, small airways disease

asthma was understood primarily the disease of large and
medium airways, while the peripheral airways were con-
sidered almost insignificant for its development and con-
trol.2 Nonetheless, over the past few years, there has been
evidence of the peripheral airways involvement in the

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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course of asthma, regardless of its severity.l4 Moreover,
they can be the main site of airflow limitation in patients
with asthma.® Clinical studies suggested significant rele-
vance of peripheral airways inflammation to asthma mor-
bidity indicating their relationship to asthma severity®™
or control'®™*® and demonstrating their involvement in
acute asthma.’*'® To date, studies utilizing pulmonary
function tests in assessment of pediatric asthma shown
involvement predominantly of the conductive peripheral
airways, but acinar zone seems to be mostly insignificant
in pathological process.’® However, the disturbance
within this area of the lung were noted in some children
with unstable asthma.'® Moreover, pathomorphological
studies in acute fatal asthma confirmed significant
involvement of the peripheral airways including acinar
spaces in pathological process.'”'® The results have
shown extensive inflammatory, as well as structural
changes throughout whole lung periphery. Given the
above findings, the authors hypothesized that peripheral
airways including acinar zone may play an important
role in asthma activity in children. The evaluation of the
impact of peripheral airways on asthma instability/
activity may be crucial to achieve control and reduce risk
of asthma-related death. It is worth mentioning that
small airways are less accessible to inhaled medication
and a different therapeutic approach, including extra-fine
particle inhaled corticosteroids (ICS) or systemic steroid
treatment, is required to treat pathology that is predomi-
nantly situated in this area of the lung.*®

Detection and quantification pathology within lung
periphery are available with pulmonary function tests
that reflect premature airway closure, airway resistance,
air trapping, and regional airflow heterogeneity.”> One
of those methods is body plethysmography, which mea-
sures the functional residual capacity (FRC), residual vol-
ume (RV), and its ratio to total lung capacity (RV/TLC)
possibly indicating air trapping, when elevated.” The
others include novel methods, nitrogen multiple-breath
washout (N2MBW) test, quantifying the ventilation inho-
mogeneity, and impulse oscillometry (I0S), measuring
airways resistance and elastic properties of lung periph-
ery.?!?* Each of the above is examining different aspects
of peripheral airways pathology, and their combination
can provide complementary information on peripheral
lung function. To the date, only a few studies have dem-
onstrated utility of simultaneously performed different
pulmonary function tests in both childhood and adult
asthma, but it appears that only their combination can
provide complementary information on peripheral lung
function.?*** Moreover, the important aspects of distal
airways function could be missed if only one physiologi-
cal variable is used for the assessment.*®

Therefore, the primary aim of the study was to
estimate peripheral airways involvement in children with
asthma exacerbation and stable asthma assessed simulta-
neously via various pulmonary function measurements.

2 | METHODS
The study was approved by the Ethics Committee of the
Medical University of Warsaw.

Patients of the Department of Pediatric
Pneumonology and Allergy, Medical University of
Warsaw, with stable asthma and asthma exacerbation
were enrolled into the study between November 2018
and October 2019. The stable asthmatic group was
recruited from outpatient clinic, and the acute asthmatic
group from patients admitted to the hospital because of
exacerbation. The study involved only children who were
able to perform lung function tests, whose parents/
caregivers signed informed consent for participation.

The asthma diagnosis and severity assessment were
based on Global Initiative for Asthma (GINA) guide-
lines." The current asthma control was determined using
the Asthma Control Test (ACT) and, for children below
12 years of age, the childhood Asthma Control Test
(cACT).?"#

The exclusion criteria included diagnosis of other
chronic pulmonary disease, congenital lung malforma-
tion, history of prematurity, low birth weight, need
for mechanical ventilation in neonatal period, or diag-
nosis of bronchopulmonary dysplasia. In those who
underwent chest radiography, presence of consolidation
or hilar adenopathy was considered as a reason for
exclusion.

Children were assigned to the stable asthma group if
they had reported no exacerbations or changes in symp-
toms/medication use for at least 6 weeks before visit and
they had ACT or cACT score of more than 20.

Asthma exacerbation was defined as an acute or sub-
acute episode of progressive worsening in symptoms
(shortness of breath, cough, chest tightness, tachypnea,
and wheezing)."

2.1 | Procedures

All patients underwent pulmonary function tests includ-
ing spirometry, body plethysmography, 10S, N2MBW
test, and fractional exhaled nitric oxide (FeNO) measure-
ment. All procedures were performed in agreement with
the American Thoracic Society/European Respiratory
Society (ATS/ERS) recommendations. >
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Spirometry and IOS were performed using the Vyntus
10S (CareFusion, San Diego, CA, USA), body plethys-
mography using the Master Screen Body (CareFusion),
N2MBW using the Exhalyzer®DN2 MBW device (Eco
Medics AG, Duernten, Switzerland), and FeNO with
NOA 280i (Sievers; GE Analytical Instruments, Boulder,
CO, USA).

The following parameters were recorded:

Spirometry: forced expiratory volume in 1s (FEV1),
forced vital capacity (FVC), and forced expiratory volume
in 1 s to forced vital capacity ratio (FEV1/FVC ratio).

Body plethysmography: specific airway resistance
(sReff), total lung capacity (TLC), RV, and RV/TLC ratio.

10S: resistance at 5 Hz (R5) and resistance at 20 Hz
(R20), frequency dependence of resistance (R5-R20),
reactance at 5 Hz (X5), area under the reactance curve
(AX), and resonance frequency (Fres).

N2MBW: lung clearance index (LCI) at 2.5% of the
initial concentration of N2, conductive ventilation inho-
mogeneity (Scond), and acinar ventilation inhomogeneity
(Sacin).

All measured parameters were presented as z-scores.
The exceptions were FeNO, R5-R20, and AX, which were
presented only as absolute values due to lack of the refer-
ence equations. Global Lung Function Initiative 2012 and
Dencker and Berdel/Lechtenboerger reference values
were used. For N2MBW, values provided by the manu-
facturer were applied. The abnormal results were defined
as z-score values outside of —1.65 to 1.65.

2.2 | Statistics

Statistical analysis was performed with the Statistica
12 software package (StatSoft, Inc., Tulsa). Data are pres-
ented as median and interquartile range.

Because several lung function variables did not show
normal distribution, non-parametric tests were used.
Comparison between groups and subgroups were per-
formed using Mann-Whitney’s U-tests for interval vari-
ables and y> test was used to compare proportions.
Possible relationships between different variables were
evaluated using Spearman’s rank correlation test. The
two-tailed significance level was set at p < 0.05.

3 | RESULTS

3.1 | Baseline patient characteristics

Forty-two children divided into two subgroups (20 with
asthma exacerbation and 22 with stable asthma) aged 6-
17 years (median 12.5 years) were included. Patients’

TABLE 1 Patient’s characteristics
Stable Asthma
asthma exacerbation
n—=22 n=20
Age (years)” * 12 (7-17) 12.5 (6-17)
Male sex/whole 16/22 13/20

group ™ °

Height (cm)™ 155.5(143-171)  157.0 (140.5-163.5)

Weight (kg) ™ * 47.5 (39-59) 51.5 (36-69)
BMI (kg/m?)™ 2 19.5 (18-23) 21.5 (16.5-25)
ACT score " * 23 (23-25) 19 (17-20)
FeNO (pph)™# 30.5 (11-54) 33.5 (26-54)

Medication use

Inhaled
corticosteroid™ ®

Inhaled
corticosteroid
and long-acting
f agonist™ ®

Inhaled
corticosteroid
and leukotriene
antagonist " ®

77% (17/22) 90% (18/20)

50% (11/22) 40% (8/20)

9% (2/22)

5% (1/20)

Asthma severity

GINA 1-27° 41% (9/22) 40% (9/20)
GINA 3P 32% (7/22) 40% (5/20)
GINA 4-5"" 27% (6/22) 30% (6/20)

Note: Data are presented as median and interquartile range.
Abbreviations: ACT, Asthma Control Test; BMI, body mass index; FeNO,
fractional exhaled nitric oxide; GINA, Global Initiative for Asthma.
*Mann-Whitney U-test.

Py? test.

*p > 0.05.

#*p < 0.05.

characteristics are shown in Table 1. There were no sta-
tistical differences in terms of age, height, weight, and
body mass index (BMI) between two study groups. The
groups were also comparable in terms of asthma severity
on GINA score. Only the median ACT score was signifi-
cantly lower in patients with asthma exacerbation. Most
of the patients with asthma were on regular treatment.

3.2 | Comparison of pulmonary function
parameters

In asthma exacerbation group, 70% of FEV1 were abnor-
mal and in stable asthma group, the percentages were 9%
(Table 2). There were 36.4% versus 85% patients with
obstructive ventilatory defect (defined as FEV1/FVC
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22) Asthma exacerbation (n = 20)

TABLE 2 Pulmonary function measurements and observed differences between study groups
Parameter Stable asthma (n =
FEV1** 0.0 (—1.37 to 0.59)
FvC** 0.46 (—0.07 to 1.29)

FEV1/FVC %**
RV*

TLC*

RV/TLC %*

sReff**

R5*

R20*

R5-R20 (kPa/L/s)**
X5*

—1.35(—1.76 to —0.36)

2.53(0.67 to 3.5)
0.11 (—0.64 to 1.01)

—0.60 (—1.66 to —0.11)

2.53(0.67 to 3.5)
~0.05(—0.76 to 0.32)
~021(—0.73 t0 0.32)

0.12(0.07 to 0.16)

0.2(—0.17 to 0.63)

—1.98 (—3.01 to 1.42)
—0.56 (—2.7 t0 0.67)

—2.15(—2.46 to —1.83)

—0.46 (—1.04 to 2.23)
—0.66 (—2.11 to 1.36)
—0.11 (—1.32 to 4.09)
5.06 (0.3 t0 16.9)
—0.04 (—0.43 to 0.61)
—0.31 (—0.98 to 0.11)
0.18 (0.13 to 0.295)
~0.23 (—0.8 to0 0.29)
1.4 (1.20 to 2.65)
1.37 (0.955 to 1.985)
7.7 (4.6 t0 8.9)

AX (kPa/Ly* 0.75 (0.44 to 1.33)
Fres** 0.69 (—0.14 to 1.36)
Scond** 0.35(—0.5 to 1.5)
Sacin®* 04(-13t01.7)
LCI** 1.6(0.7 to 3.4)

22(1.61t032)
8.2 (5.85 to 11.4)

Note: All results are presented as z-scores, except R5-R20 and AX. Data are presented as median and interquartile range. All variables compared by Mann-

Whitney U-test.

Abbreviations: AX, area under the reactance curve; FEV1, forced expiratory volume in 1 s; Fres, resonant frequency; FVC, forced vital capacity; LCL, lung

clearance index; R20, resistance at 20 Hz; RS, resistance at 5 Hz; R5-R20, frequency dependence of resistance; RV, residual volume; RV/TLC, ratio of residual
volume to total lung capacity; Sacin, acinar ventilation inhomogeneity; Scond, conductive ventilation inhomogeneity: sReff, specific airway resistance; TLC,

total lung capacity; X5, reactance at 5 Hz.
*p > 0.05.
**p < 0,05.

ratio < —1.65 of z-score) in stable versus exacerbation
asthma group.

Body plethysmography showed significantly higher
specific resistance in asthma exacerbation group
(Table 2). The abnormally increased RV/TLC ratio, show-
ing air trapping, was noted only in children with asthma
exacerbation (in 36.8% of patients).

There were also significantly increased some IOS
variables reflecting peripheral airways function, that is,
R5-R20, Fres, and AX (Table 2). The median of AX and
R5-R20 values, as well as median z-scores of Fres were
significantly higher in asthma exacerbation group when
compared with stable asthma group. However, the
median z-score of Fres, as well as median z-scores of X5
and RS were within normal range either in children with
stable asthma or asthma exacerbation.

All MBW parameters, that is, LCI, Scond, and Sacin,
were abnormally increased in asthma exacerbation group
(Table 2). The median z-scores of all MBW parameters in
stable asthma group were within normal range. However,
the median z-score of LCI was near upper limit of normal
due to increased values in patients with moderately

severe disease. There were also noted independently
abnormal values of Scond and Sacin (22.7% and 27%,
respectively) in patients with stable asthma. In contrast,
all patients with asthma exacerbation had abnormal
Scond values and vast majority (76%) of patients had
abnormal Sacin values.

The median of exhaled NO values in children with
asthma exacerbation was higher than in children with
stable asthma, but the difference did not reach statistical
significance.

3.3 | Association between standard lung
function tests and 10S, MBW
measurements

To see possible relationship between standard lung fune-
tion tests (i.e., spirometry and body plethysmography)
and those reflecting peripheral airway function (I0S and
N2MBW), various parameters were correlated. Detailed
information of the correlations found between lung func-
tion parameters are shown in Table 3.
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TABLE 3 Association between standard lung function tests and IOS, MBW measurements
R5 X5 Fres AX R5-R20 LCI Scond Sacin
FEV1 * * —0.6%* —0.62%* —0.66%* —0.62% —0.55% *
sReff 0.44%* —0.3%* 0.33%* 0.45%* 04% 0.54%% 0.45% *
RV/TLC * * * 0.49** * 0.38%* 0.34% *

Note: Data are presented as r-Spearman value; all except AX and R5-R20 were calculated for z-scores.

Abbreviations: AX, area under the reactance curve; FEV1, forced expiratory volume in 1 s; Fres, resonant frequency; LCI, lung clearance index; R20, resistance

at 20 Hz; R5, resistance at 5 Hz; R5-R20, frequency dependence of resistance; RV, residual volume; RV/TLC, ratio of residual volume to total lung capacity;

Sacin, acinar ventilation inhomogeneity; Scond, conductive ventilation inhomogeneity; sReff, specific airway resistance; X5, reactance at 5 Hz.

*p > 0.05.
*p < 0.05.

3.4 | Association between I0S and MBW
measurements

There was a weak positive correlation of LCI with R5-
R20 (r-Spearman 0.39, p=0.01) and with AX
(r-Spearman 0.35, p=10.02) and Scond with AX
(r-Spearman 0.34, p = 0.03) in whole study group.

3.5 | Association of I0S, LCI
measurements with GINA scores

Positive correlation between GINA scores and LCI was
confirmed (r-Spearman 0.36, p = 0.02). Any associations
with other N2MBW parameters and 10S measurements
were not confirmed.

4 | DISCUSSION

The results of this study confirmed substantial involve-
ment of peripheral airways in pediatric asthma. Most of
the parameters reflecting peripheral airway’s function
were significantly increased in children with asthma
exacerbation, that is, R5-R20, AX, Fres, LCI, Scond, and
Sacin. Also, specific airway resistance measured in body
plethysmography was remarkably increased in asthma
exacerbation, and more than one third of patients from
this group presented air trapping. Some involvement of
the peripheral airways was observed either in children
with stable asthma, but less significant when compared
with asthma exacerbation group.

The study detected presence of excessive ventilation
inhomogeneity within conductive and acinar zone in
children with asthma exacerbation expressed by the
abnormally increased Scond and Sacin values. These
results are different than those found in previous studies
on pediatric asthma presenting subtle changes in all
N2MBW parameters but with the predominance only

of increased Scond values.'® The acinar ventilation

heterogeneity detected by MBW test was rarely found in
children with asthma, even in a case of moderately severe
disease and was reported predominantly in study evaluat-
ing children with unstable asthma.>'® Keen et al. in their
study found additionally an association of Sacin with
exhaled alveolar NO concentration, what might suggest
that Sacin reflects inflammation process within the most
peripherally located airways.'® Basing on the above find-
ings and this study outcomes, it can be hypothesized that
N2MBW might offer information on the disease activity
and Sacin may reflect the very pronounced inflammation
process reaching the acinar region, which occurs mostly
in asthma exacerbation. This pointed that area of the
lung as a possible additional target for asthma therapy.
However, it needs more evidence and requires further
investigations.

For evaluation mechanical properties of the periph-
eral airways, the [0S was performed. The results shown
significantly increased R5-R20, AX, and Fres values in
children with asthma exacerbation when compared with
stable asthma group. In contrast, the commonly assessed
10S measurements, such as X5 and R5, remained within
normal range, either in children with asthma exacerba-
tion and stable asthma. That observation may suggest
that parameters such as resistance and reactance evalu-
ated in IOS are not particularly usetful, but novel parame-
ters, such as resonant frequency, area under the curve,
and difference in R20-R5, are more sensitive in clinical
practice. This is in accordance with other studies results
concerning sensitivity of conventional I0S parameters,
X5 and RS, in detection functional abnormalities in lung
periphery in young children.® Knihtili et al. showed the
inability of X5 and R5 z-scores to distinguish children
with current or past lower respiratory tract symptoms
from healthy children.*! The authors also indicated the
superiority of AX and R5-R20 over R5 and X5 in evalua-
tion of pediatric asthma. Additionally, regarding the use
of reference values, Tirakitsoontorn et al. found that pro-
posed in their study selective cut-off points of IOS mea-
sures, based on the clinical outcome of unstable asthma,
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could fall within normal values and still be clinically
meaningful. *

To assess the impact of peripheral airways on airflow
limitation in children with asthma, the relationship
between FEV1 and peripheral airways parameters was
reviewed. The study showed correlation of FEV1 with
Scond and AX, R5-R20, which may suggest that the func-
tion of peripheral airways is an important determinant of
airflow limitation in children with asthma. The study
didn’t revealed association between FEV1 and Sacin nei-
ther in children with asthma exacerbation nor stable
asthma, what is inconsistent to findings in acute and
severe adult asthma presented by Thompson et al., show-
ing strong correlation of FEV1 with Sacin.’® The authors
speculated that acinar ventilation heterogeneity is a
major contributor to airflow obstruction in patient with
unstable asthma.

The recent evidence from the study by Mahut et al.
and Sorkness et al. indicated air trapping as the most pro-
found stage of peripheral airway narrowing and signifi-
cant prognostic factor of asthma severity and
instability.**** In the present study, air trapping was pre-
sent only among some children with asthma exacerba-
tion; it was in just over a third of patients. On the other
hand, abnormal results of remaining tests reflecting the
functional status of the peripheral airways were observed
much more frequently, that is, mentioned above IOS
parameters and N2MBW parameters. That is, inflamma-
tion in this area does not always have to lead to complete
airway closure. The study results showed an association
of RV/TLC ratio with AX, but not with R5-R20, found in
asthma exacerbation group, suggesting that area of the
reactance better reflects the function of narrowed periph-
eral airways. This observation is in accordance with pre-
vious report by Goldman et al. showing significant
increase of airway reactance at low frequencies in hyper-
inflated lungs, in contrast to airway resistance, which has
been mostly normal.* In the study by Downie et al.,
including adults, the correlation between X5 and Sacin,
and air trapping in patients with methacholine-induced
bronchoconstriction were noted.” What was interesting
in this study, accordingly to N2MBW and [0S measure-
ments, RV/TLC ratio was related to Scond, AX, but not
to Sacin or X5. This observation pointed some discrepan-
cies between peripheral airways assessment in pediatric
and adult asthma.

Patients with obstructive ventilatory defect usually
show increased airway resistance on body plethysmogra-
phy. However, sReff is not thought to specifically reflect
distal airway dysfunction.” Perhaps it is time to change
this common view? The study results showed positive
correlation of IOS and N2MBW parameters with specific
airways resistance derived from body plethysmography.

What may indicate that narrowing of peripheral airways
is an important compound of increased airway resistance
of the whole bronchial tree, particularly in asthma
exacerbation. These findings are consistent with recent
studies outcomes.*®*” Yanai et al. using wedged bron-
choscopy found that peripheral airways resistance
accounted for 24% of total airway resistance in healthy
adults, rising to 34% in asymptomatic newly diagnosed
patients with asthma and as high as 51% in patients with
severe asthma.*® Moreover, Wagner et al. demonstrated
that the peripheral airways resistance in asymptomatic
asthma patients with normal spirometry and normal ple-
thysmographic airway resistance has been more than sev-
enfold higher than in healthy subjects.”

Although most of the parameters measured by
N2MBW and IOS reflect abnormal ventilation in the
peripheral airways, they may show different aspects of
airway pathology. When seeking for correlations between
N2ZMBW measurements and IOS variables, it occurred
that only few were detected, which is in concordance to
previous reports.**® The study showed that higher
values of Scond determined higher AX. Interestingly,
such relationship between Scond and R5-R20 was not
observed. This could be explained that R5-R20 reflects
relatively better functioning airways and lung units,
whereas N2MBW represents relatively poorly ventilated
lung units.®® The I0S reveals mechanical properties of
the airways reached by the pressure waves, which hypo-
thetically travel preferentially through the more patent of
parallel pathways at branch points. In the N2MBW, inert
gas slowly clear from poorly ventilated units, causing it to
emerge later in the expiration. This significantly increases
LCI and indexes derived from phase III slope, that is,
Scond and Sacin. Goldman et al. suggest that AX and
R5-R20 can be dissociated when bronchoconstriction is
the major cause of airflow limitation in the presence
of substantially increased bronchomotor tone in
proximal airways.* Then R5-R20 is relatively less promi-
nent in comparison with AX. Detected relationship
between Scond and AX might suggest that AX provides
complementary information about the status of small
airways.

In clinical practice, asthma severity is determined
mainly on the base of treatment required to maintain
asthma control.’ In this study, a positive association of
GINA score was noted only with LCI within whole
peripheral airways measurements. The previous studies
on pediatric asthma shown LCI variability from normal
value in children with mild disease to slightly elevated in
moderately severe disease, what is consistent with this
study outcome."®*® This suggests that children with
severe asthma are more likely to have an abnormal
Lcr®
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The present study is a cross-sectional study including a
limited number of patients. The results must therefore be
interpreted with some caution and the causal relation-
ship cannot be definitely confirmed. However, the main
findings are in accordance with recent reports.

Due to lack of reference values of novel I0S parame-
ters, AX and R5-R20, the raw values were used in analy-
sis. There are some studies that have shown that those
parameters may be affected by height, age, and gender.*
Therefore, the reliability of their relationship with other
pulmonary function measurements may be vulnerable to
demographic factors. However, included study groups
were comparable regarding age, height, weight, and BML

Another study limitation is fact that the comparison
was done between two groups of patients, and the change
of peripheral airway status after recovery from an exacer-
bation was not assessed.

5 | CONCLUSIONS
This study provides further evidence of the role of periph-
eral airways involvement in pediatric asthma reaffirming
their clinical relevance to asthma control. The novel find-
ing, which is detection of the acinar zone impairment in
most of children with asthma exacerbation, indicates this
area of the lung as important additional target for therapy
and provides new insights into pathophysiological pro-
cess of pediatric asthma.

Further studies are needed to clarify what test or com-
bination of tests the best reflects the function of periph-
eral airways and had the best utility in pediatric asthma.
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Abstract

Introduction: Recent studies have indicated the significance of the peripheral airways in asthma control. Methods
estimating airway resistance, air trapping, and ventilation inhomogeneity are useful for assessing this area of the
lung and have proven utility in the evaluation of asthma; however, it is unclear which method is most effective at
characterising uncontrolled asthma.

Aim: To evaluate the diagnostic accuracy of various peripheral airway function measurements in the assessment
of asthma control in children.

Material and methods: Children with controlled (n = 35) and uncontrolled (n = 29) asthma performed a sequence
of pulmonary function tests (i.e. spirometry, body plethysmography, oscillometry, nitrogen washout test, and ex-
haled nitric oxide). The diagnostic accuracy of each peripheral airway measure was evaluated by an area under the
receiver operating characteristic curve (AUC).

Results: Most peripheral airway parameters were significantly increased in children with uncontrolled asthma
compared with children with controlled asthma. The measures with the highest diagnostic accuracy for asthma
control were lung clearance index (LCI) (AUC = 0.76), with high specificity (0.97) and modest sensitivity (0.46),
acinar ventilation heterogeneity (Sacin) (AUC = 0.73), with high sensitivity (0.85) and modest specificity (0.54), and
resonance frequency (Fres) (AUC= 0.74), with perfect specificity (1.0) but low sensitivity (0.38).

Conclusions: LCl, Sacin and Fres had the highest discriminative capacity for distinguishing children with controlled
and uncontrolled asthma among all evaluated peripheral airways measures. Discrepancies in the performance (i.e.
sensitivity and specificity) of each parameter suggest that a combination may be most effective in determining
asthma control status.

Key words: impulse oscillometry, nitrogen washout test, body plethysmography, small airways.

Introduction sible causes of uncontrolled disease [3]. Therefare, the
need to monitor peripheral airway function to the level
of the acinus is apparent. Although spirometry is widely
used to detect airflow limitation, it is not considered
a sensitive test for the peripheral airways. In the assess-
ment of peripheral airway function are tests evaluating
premature airway closure, air trapping, respiratory im-

pedance, and ventilation inhomogeneity are more useful

The main goal of asthma management is to achieve
good symptom control and minimise the risk of exac-
erbations [1]. Lack of asthma control can be caused by
several factors, including phenotype, lack of compliance,
continuous exposure to irritants, and drug resistance.

There is evidence of the significance of peripheral
airways in asthma management [2]. Inflammation in the

peripheral airways is associated with bronchial hyperre-
sponsiveness and the deterioration of asthma control.
Moreover, the inability of conventional inhalation therapy
to effectively reach this area of the lung is one of the pos-

[4]. These methads include impulse oscillometry (10S),
which measures airway resistance and the elastic prop-
erties of the peripheral airways [5], nitrogen multiple-
breath washout test (N2MBW), which quantifies venti-
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lation inhomogeneity [6], and body plethysmography,
which provides additional information on lung volumes
and airway resistance [7]. The advantage of these meth-
ods is that they evaluate pulmonary function during
tidal breathing, which requires only passive cooperation
and is especially useful in the paediatric population and
for patients who cannot perform forced respiratory ma-
noeuvres. Therefare, some of these methods (e.g. 105)
are becoming widely available and can be successfully
implemented in outpatient care settings. Although sev-
eral studies have reported the usefulness of N2MBW,
|0S, and body plethysmography in the assessment of
paediatric asthma, it is still unclear which method most
effectively predicts poor asthma controlin children. Each
of these tests evaluates different properties of the pe-
ripheral airways and reflects disparate aspects of their
function. Therefore, this study was conducted to com-
pare the diagnostic accuracy of several peripheral airway
function measures as predictors of poor asthma control
in children [8, 9].

Aim

This study aims to assess the value of peripheral air-
way measurements derived from N2MBW, 10S, and body
plethysmography for the assessment of asthma control
in children and to determine which of the methods best
differentiates between children with controlled and un-
controlled asthma.

Material and methods

The Ethics Committee of the Medical University of
Warsaw approved this study. Children aged 6-17 years
with asthma who attended the Department of Paediat-
ric Pneumonology and Allergy of the Medical University
of Warsaw between April 2018 and April 2020 and met
the inclusion criteria were recruited. The inclusion criteria
were the ability to perform lung function tests and the
provision of signed informed consent for participation
by the parents/caregivers. The exclusion criteria included
a diagnosis of other chronic pulmanary diseases, con-
genital lung malformation, congenital heart disease, or
bronchopulmonary dysplasia and a history of prematu-
rity, low birth weight, or need for mechanical ventilation
in the neonatal period. Asthma diagnosis and severity as-
sessment were based on the Global Initiative for Asthma
(GINA) guidelines [1]. Asthma control at the time of the
study was determined using the Asthma Control Test
(ACT) for children = 12 years of age and the Childhood
Asthma Control Test (cACT) for children < 12 years of age
[10]. Poorly controlled asthma was defined according
to an ACT or cACT score < 19 points. Controlled asthma
was defined as an ACT score of 20-25 or cACT score of
20-27 points and no report of exacerbations or changes
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in symptams or medication use for at least 6 weeks be-
fore the study.

Procedures

The participants underwent pulmonary function test-
ing (PFT) in the following order: 10S (Vyntus |0S; CareFu-
sion, San Diego, CA, USA), fractional exhaled nitric ox-
ide (NO) (NOA 280i; Sievers; GE Analytical Instruments,
Boulder, CO, USA), N2MBW (Exhalyzer*DN2 MBW device;
Eco Medics AG, Duernten, Switzerland, software version
Spiroware 3.2.1, the data then had been recalculated for
Spiroware 3.3.1), spirometry (Vyntus 10S; CareFusion,
San Diego, CA, USA), and body plethysmography (Master
Screen Body; CareFusion, San Diego, CA, USA). All mea-
surements were performed according to American Tho-
racic Society/European Respiratory Society recommenda-
tions [11, 12] and published guidelines for N2MBW and
|0S [13-15]. Recorded parameters in spirometry included
forced expiratory volume in 1s (FEV1), forced vital capaci-
ty (FVC), and FEV1/FVC ratio. Body plethysmography mea-
surements included specific airway resistance (sReff),
total lung capacity (TLC), residual volume (RV), and RV/
TLC ratio. Resistance at 5 Hz (R5), resistance at 20 Hz
(R20), frequency dependence of resistance (R5-R20),
reactance at 5 Hz (X5), the area under the curve of re-
actance between 5 Hz and resonant frequency (AX),
and resonance frequency (Fres) were assessed via |0S.
Lung clearance index (LCI) at 2.5% of the initial con-
centration of N,, conductive ventilation inhomogeneity
(Scond), and acinar ventilation inhomogeneity (Sacin)
were calculated via N2MBW test. Finally, the fraction
of expired NO (FeNO) was asessed. All measured pa-
rameters are expressed as z-scores, except FeNO, R5-
R20, AX, and all N2ZMBW measurements, which are
presented only as absolute values. Reference values
were provided by the Global Lung Function Initiative
2012 for spirometry [16], Zapletal et al. for body pleth-
ysmography [17], Dencker et al. for 10S [18]. For N2MBW
reference values provided by Anagnostopoulou et al.
were applied [19]. The abnormal results were defined
as z-scores exceeding the range from —1.645 to 1.645.
An obstructive ventilatory defect was defined as a z-score
of FEV1/FVC ratio < —1.645, and air trapping was diag-
nosed when the z-score of the RV/TLC ratio was > 1.645.

Statistical analysis

Statistical analysis was performed using the Statis-
tica 13.3 software package (StatSoft, Inc., Tulsa, OK, USA).
Data are presented as medians and interquartile ranges.
Due to non-normal distribution, non-parametric tests
were used: Mann-Whitney U test for interval variables
and y? test for quantitative variables. The two-tailed sig-
nificance level was set at p < 0.05. The receiver operating
characteristic (ROC) method was used to evaluate the
accuracy of peripheral airway measures for predicting
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