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DLCO (Karbonmonoksit Diflizyon Testi)
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»0°C, 760 mmHg ve nemin 0 oldugu kosullarda (STPD) mL/dk/mmHg olarak belirtilir

ERS/ATS TECHNICAL STANDARDS | B.L. GRAHAM ET AL.
Eur Respir J 2017; 49: 1600016



DLCO (Karbonmonoksit Diflizyon Testi)

Diflizyon

Bir maddenin yuksek konsantrasyonlu oldugu bdélgeden distk
konsantrasyonlu oldugu bolgeye gecmesi

Akcigerlerde gazlarin difizyonu pasif olarak

(Brownian hareket) gerceklesir

ERS/ATS TECHNICAL STANDARDS | B.L. GRAHAM ET AL.
Eur Respir J 2017; 49: 1600016
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P1: Alveoldeki gazin parsiyel basinci

MW: Gazin molekul agirlig
P2: Kapillerdeki gazin parsiyel basinci

Tiirk Toraks Dernegi Akciger Difiizyon Kapasitesi Degerlendirme
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Alveolakapiller Membran

e Surfaktan
* Alveol epiteli
* Interstisyum

* Kapiller endotelyumu

Akcigerdeki kan-gaz bariyeri (KGB)
* Ylizey alani 50-100m?2
e Kalinhgi yaklasik 0.3umdir

https://www.alamy.com

Vgas =4 xDx (P, — P,)



DLCO (Karbonmonoksit Diflizyon Testi)
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0: CO + Hb reaksiyon hizi
Vc: Kapiller kan hacmi
& Carbon monoxide (CO)
o Oxygen (O,)
# Hemoglobin
Breathing Red: Physiology of an Elevated Single-Breath Diffusing Capacity of Carbon Monoxide 7

Ann Am Thorac Soc. 2016(13): 2087—-2092



DLCO Ol¢iim Teknikleri

[> Single Breath Method-Tek Soluk Yt')ntemi]

> Intrabreath DLCO Ol¢iimii
» Rebreathing Teknigi (DLCOrb)

» Steady State Teknigi (DLCOss)

Tiirk Toraks Dernegi Akciger Difiizyon Kapasitesi Degerlendirme
Uzlasi Raporu-2022



Single Breath Method-Tek Soluk Yontemi

Tek seferde CO iceren gaz karisiminin
solunmasini takiben belirli bir stire soluk
tutma sonrasinda akcigerlerden atilan
karbonmonoksitin analiziyle DLCO’nun

belirlenmesi esasina dayanir

- Test gazi kaynagi
- inspirasyon-ekspirasyon hacmini élcen birim
- Gazanalizoéri

Tiirk Toraks Dernegi Akciger Difiizyon Kapasitesi Dederlendirme

Uzlasi Raporu-2022



Single Breath Method-Tek Soluk Yontemi

e Karbonmonoksit (CO): %0.3
* Oksijen (02): %21
* izleyici Gaz
Helyum (He): %10
Metan (CH4): %0.3
* Nitrojen (N)

ERS/ATS TECHNICAL STANDARDS | B.L. GRAHAM ET AL.
Eur Respir J 2017; 49: 1600016

Izleyici (Tracer) Gaz

Alveolar volimun (VA) hesaplanmasinda kullanilir
Difizyon 6zellikleri CO’e benzer
Kimyasal ve biyolojik olarak solibl degildir

Normal sartlarda alveollerde bulunmaz
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Single Breath Method-Tek Soluk Yontemi

TESTE HAZIRLIK

» Hasta test hakkinda bilgilendirilmelidir

» Nazal oksijen en az 10 dakika 6nce kesilmeli

» Test oturur pozisyonda, istirahat halinde ve uygun oda isisi kosullarinda yapilmali
» Hasta testten dnce 5 dakika dinlendirilmeli

» Test guini sigara icilmemeli

» Son icilen sigara saati kaydedilmeli

» Test glinli alkol alinmamali

» Hastanin hemoglobin (Hb) degeri kaydedilmeli ve gerekirse diizeltme yapilmal

ERS/ATS TECHNICAL STANDARDS | B.L. GRAHAM ET AL.

Eur Respir J 2017; 49: 1600016 H



Single Breath Method-Tek Soluk Yontemi
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ERS/ATS TECHNICAL STANDARDS | B.L. GRAHAM ET AL.
Eur Respir J 2017; 49: 1600016

Gas concentration % (full scale)
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Single Breath Method-Tek Soluk Yontemi

Inhalation Breath holding Exhalation
5 2 <>
. .o .o ‘.t i A
* Reziduel volime (RV) kadar yavas ekshalasyon <6sn Y TiC Washout valume
Obstriktif hastaliklarda ekshalasyonsuresi <12 sn 4 - Y
‘!“Ea mple volume
* inspire edilen gaz voliimi (VI) vital kapasitesinin >% 90’ .
: : s . p v
VC’nin % 85’i ve kabul edilebilir DLCO manevralari igcinde £ i FE
o/ I o DLCO[mL/min/mmHg] = ASTPD -ln< leo A”>-60000
VA farki < 200 mL veya % 5’’ten az fark > 2 4 ton - (Ps =47)  \Faco Firy
. |
: . . h hold |
* Inhalasyonda VC ’nin % 85’i <4 sn tamamlanmali 1 /L Presthheicime |
|
* Soluk tutma 10+2 sn 0 . . — " I . .
0 2 4 6 8 10 12 14 16
* Ekshalasyon stresi<4 sn olmalidir Time s

Ol Bosluk Voliimii: 0.75-1 L

ERS/ATS TECHNICAL STANDARDS | B.L. GRAHAM ET AL. Orneklem Volima: 0.5-1 L
Eur Respir J 2017; 49: 1600016 13



Single Breath Method-Tek Soluk Yontemi

Transient
overshoot

/ Stelese inhalation
or exhalation

Volume L

/'y

Inhalation
too slow

Possible
exhaled
gas leak

Gas concentration % (full scale)

Time s

Methane

Carbon
\__ monoxide

ERS/ATS TECHNICAL STANDARDS | B.L. GRAHAM ET AL.
Eur RespirJ 2017; 49: 1600016
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Single Breath Method-Tek Soluk Yontemi

Manevralar Arasi Stire

En az iki kabul edilebilir test yapilmali ve ortalamasi alinmali

Testler arasindaki fark <2 mL/dk/mmHg’dan (Tekrar edilebilirlik kriteri)

En fazla bes test yapilmali

ki test arasinda en az 4 dk siire olmali

Havayolu obstriksiyonu olan hastalarda bekleme stiresi 10 dakikaya cikarilabilir
Bekleme suresince hasta oturmali

Birka¢ kez derin soluk alip verme test gazinin daha hizli atilimini saglayabilir

ERS/ATS TECHNICAL STANDARDS | B.L. GRAHAM ET AL.

Eur RespirJ 2017; 49: 1600016 15




Single Breath Method-Tek Soluk Yontemi

1. Tekrarlanamayan iki veya daha fazla A dereceli manevra elde edilirse, ortalama DLCO degeri raporlanir
2. Yalnizca bir A dereceli manevra elde edilirse, o manevradan elde edilen DLCO degeri raporlanir
3. Kabul edilebilir manevra elde edilmezse, B, C veya D dereceli manevralarin ortalama DLCO degeri raporlanir

4. Yalnizca F dereceli manevralar elde edilirse, DLCO degeri raporlanmaz

Tiirk Toraks Dernegi Akciger Difiizyon Kapasitesi Degerlendirme

Uzlasi Raporu-2022
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Fizyolojik Etkiler

= Yas, cinsiyet, boy, etnik koken = Soluk Havasindaki PAO, (Rakim)

Her 1 mmHg’lik degisim DLCO’da %0.35’lik degisim
= Hemoglobin Diuzeyi = Egzersiz
1 gram Hb degeri icin~%7’lik CO emilim degisimi

Erkekte 14.6 g/dL, kadinda ve <15 yas ¢cocukta 13.4 g/dL = Viicut Pozisyonu

= Akciger Hacmi = Diurnal Varyasyon

Saatte %1.2-2.2 arasinda azalma
= COHb
%1’lik COHb artisi~% 0.8-1’lik DLCO degisimi inhal il
" |nhale Edilen Hava Hacmi

Tlrk Toraks Dernegi Akciger Difiizyon Kapasitesi Degerlendirme

Uzlasi Raporu-2022 .



Artmis DLCO Nedenleri

Astim

Polisitemi

Obezite

Alveoler Hemoraji
Sol-Sag intrakardiak Sant

Egzersiz-Artmis Kardiak Output

YV V VYV VY VY VYV V

Muller Manevrasi

Tiirk Toraks Dernegi Akciger Difiizyon Kapasitesi Degerlendirme
Uzlasi Raporu-2022
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Azalmis DLCO Nedenleri

Alveolokapiller Membranin Kalinlagmasi Diflizyon Yiizey Alaninin Azalmasi
idiyopatik Pulmoner Fibrozis Amfizem

Konjestif Kalp Yetmezligi Akciger Rezeksiyonu

Asbestozis, Sarkoidoz Pulmoner Emboli

Kollajen Doku Hastaliklari Pulmoner Hipertansiyon

iLac Akcigeri

Hipersenstivite Pnomonisi

Histiositozis X, Alveolar Proteinozis

Diger Sebepler
Karboksihemoglobin
Disaridan Oksijen Verilmesi

Mensruasyon
Tiirk Toraks Dernegi Akciger Difiizyon

Kapasitesi Degerlendirme 19
Uzlasi Raporu-2022



ERS/ATS TECHNICAL STANDARDS | B.L. GRAHAM ET AL.
Eur Respir J 2017; 49: 1600016

Variable®

Requirement

Dico (unadjusted)

Dico (adjusted for Ps)
Dico (LLN and/or z-score)
Dico (predicted)

Dico (adjusted,predicted)

Dico (% of predicted)

W (BTPS)

W (LLN and/or z-score]
W (% of predicted)

Kco

Kco (LLN and/or z-score)
Kco (predicted)

Kco (% of predicted)

Ps

BH

W [BTPS)

Fowler (anatomic) dead-space
TLCsb

Reference values source
Test quality grade

Operator comments

Graphs

Hb
COHb

Alternative calculations [e.g. three-equation Dico,
normalised slope of phase I}

Required
Required
Required
Required
Optional [required if any adjustments
made-specify adjustments]
Required
Required
Required
Optional
Required
Required
Required
Required
Required
Required
Required
Required for RGA systems
Required for RGA systems
Required
Recommended [include % variability in
Dico acceptable manoeuvres]
Required [number of manoeuvres, number
of acceptable manoeuvres)
Required (full manoeuvre and exhaled
gas concentration versus volume with sample
collection indicated for RGA systems)
Optional [required if used to adjust DLco)
Optional [required if used to adjust DLco)
Optional



Single Breath Method-Tek Soluk Yontemi

DLCO Kaybinin Derecesi DLCO % Beklenen
Hafif > %60 ve < LLN
Orta % 40-60
Agir < %40

Tiirk Toraks Dernegi Akciger Difiizyon Kapasitesi Degerlendirme

Uzlasi Raporu-2022
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DIFUZYON AKCIGER KAPASITESI (TEK

NEFES)

14

X9 Quark PFT Body with dongle

Nefes tutma (Jones ve Meade)

Washout Haem—
Omeldeme Hacmi

———t

GLI (DLCO)

“ 6 8 10 12 14 16
Zaman (sn)
Olgum Normal Aralik fen “Beuienen 2 score

DO syarianmame; mi/min‘mmbg 22,33 — . . -
Duors mUmin/'mmbg 22,24 1545-2494 1976 13 082 W T+
DLCO dzit mUmin/mmbg 22,90 1545-2494 19,76 116 103 B 1ol
VA L 4,50 371-542 453 99 005 %
DLCO pred ayr mUmin/mmbg 22,24 19,20 116 -
KO mUmin/mmigl 5,09 345-549 44 115 1,06 B 1+
IV(DLCO) L 2,90 2,79-352 3,52 82 139 1
TLUDLCO) L 4,63 400-489 489 95 045 4 10
Hb g/dl 12,5

2022091256
90% Pred. VC
- CH4 (%)
= CO (%)
Agiz basinci o/xx)
S Hacim (L)
| i i i
18 20 22 24
DLCO PB mbL/min/mmHg
2.4
-
1545
KCO ml/min/mmbg/L
5,09
a4
145

46

AL

54

22



DIFUZYON AKCIGER KAPASITESI (TEK G Ser amacas gt Yz Sirms
NEFES) X9 Quark PFT Body with dongle 2022091256
1027 GLI{DLCD) OTURMA
10 —— 0,4 _g
1 Mefes tutmia (lones ve Meadsl————
Washout Hacmg : .
' : Crmeklemne Hacmi ‘ | 4
- i t
: E 3
¥ E
\ : 2
—
: N ~1
............................. J:......................................E.......................:............_I:l
1 — CH4 (%) O3 En iy W
= 0 %)
Adiz basinc (oo -1
= Hacim (L}
] ] i I 1 [ I [ [ [ [ 2
4 6 1 10 12 14 16 18 20 22 24 26
Zaman (sn)
lgim Bkl  %Beklensn Zscan DLCO PE mL/min/mmHg
DLCD ayarlanmami;  mb/min‘mmHg 2,42 - - - %
DL.CO PB mL/min‘mmHg 2,39 22,97 10 847 & 1T 1 T, 38 30,24
DLCO dzkt mL/min‘mmHg 2,30 22,97 10 -B57 & 1 W
VA L 0,76 559 14 9258 T HE  KCO mb/min/mmHg/L
DLOD pred,ayr. ml/min/mmHy 2,39 23,95 10 - %
KOO mU/min/mmHgl. 3,02 4,13 73 -1,71 =110 3,06 530
[W{DLCO) L 0,85 3599 21 6,77 BT
TLC(DLCD) L 0,96 626 15 6,01 B 1T ™
RV{DLCD) L 0,00 224 0 6,16 B 1
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DIFUZYON AKCIGER KAPASITESI (TEK

NEFES) ¥9 Quark PFT Body with dongle 2022091256
13:29 GLI {DLCD) OTURMA
10__0,4 -5
1 : Mefes tutma [Jones ve Meade) =
‘Washowt-Haermi
" Iﬁmeil@leni'le Hleucmi 4
4 -3
[
T1: : 2
i
i '\H———w-___ i B
b 30 I O USSR S | S S e = ————— '
: ; % Pred. WO -0
o+ — CH4 (%)
r-i(l — O (%)
e =k Adz basing (xx/xx) -1
1 = Hacim (L)
'I‘F'IGTE T | | I I |: I I i [ [ |"2
0 2 4 6 10 12 14 16 18 20 22 24 26
Zaman (sm)
figim  Bekl.  %Beklenen Ts00m 1E5LCD PB mL/min/mmHy
DLCO ayarlanmarmey  ml/min‘mmHg 1,85 - - - E:‘
DLCO PB ml/min/mmHg 1,85 16,27 11 -9,92 & 1 11 n 41,38
DLOD dete mL/minfmmHg 1,85 16,27 11 902 = 1 W
VA L 1,30 3,74 35 6238 T W ko miL/min/mmHg/L
DLOD pred,ayr. mL/minfmmHg 1,85 16,27 11 - 1,42
KD mU/min/mmHgL. 1,42 436 33 -5,54 B 1T 1 K] 5,55
IV{DLC) L 0,94 237 40 -4.39 T ™
TLO(DLCD) L 146 407 36 592 1 T
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KCO

Hej inspired concentrations exhalation
VA X kCO = VCO e (7 Y S
0 q O
ml (STD)X min-1 = ml min-1 =
4 VA= (VI-VDanat)- ?
£ 504 e
- Hiz sabiti kCO ( Alveolar gazdan CO'nun alinma orani) & Helium (He) ot
. - c
- Alveolar hacim (VA) 2 Cgo ............ - ? oS
Z calc. from ""’~--’99."..'Pon0xid %‘g
g 201, COj - (Het/Hej) [ -------- € (Co) X9
S c
VA XkCO/Pb = DLCO § linspired vol.(V1) slope = kCO C<C>)t d
ml (STPD) X min-1 mm Hg-1 =ml min-1 mm Hg-1 S I
10 -
inhalation - ,
0 5 10

Breath hold time (seconds)

DLCO/VA=KCO .. . oo yegie N
KCO: Birim alveolar hacim basina karbon monoksit difiizyon kapasitesi

Examination of the Carbon Monoxide Diffusing Capacity (DLCO) in Relation to Its KCO and VA Components
Am J Respir Crit Care Med. 2012; 186: 132-139



a) 1004 b) 175 25 yrs
Expansion
: = 150-
9 751 Expansion - 65 yrs
- 25 yrs :§
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e 65 yrs 3 125
® gy
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Va/(Va at TLC) %

Eur Respir J 2001; 17: 168-174

DLCO/VA=KCO
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Olgiim Normal Aralk Bekl. %Beklenen zscore

FVC L 1,42 2,18-354 284 50 Co — ]
FEV1 L 1,07 1,73-279 227 47 Co —
FEVI/FV(% % 75,5 68,4-902 80,2 94 e -
FEVINVCmax% % 75,5 68,4-902 80,2 94 e .\

uicum NOTmadl Aralik BEKI. JoBEKIENEN Fid 10—, _5
DLCO ayarlanmamis  mL/min/mmHg 8,66 -—- - - q: Nefes tutma (Jones ve Mebde
DLCO PB ml/min/mmHg 8,58 13,99-23,17 1815 47 ® 8¢ i Qrnelleshe Hacmi B
DLCO dzlt ml/min/mmHg 8,45 13,99-23,17 1815 47 I 1 ,
VA L 2,04 336-500 414 49 B oo
DLCO pred,ayr. mL/min/mmHg 8,58 - 18,42 47 1: -2
KCO ml/min/mmHg/L 4,15 3,43-554 442 94 [T “*g
IV(DLCO) L 125 243-308 308 40 & B
TLC(DLCO) L 2,16 365-449 449 48 1. o
Hb g/dL 13,9 . . 1 N L so%Eniive
RV(DLCO) L 0,74 088-145 145 51 * I: 3 : : B

2 -2

Zaman (sn)
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KCO- DLCO/VA

Pulmoner Hipertansiyon
Pulmoner Vaskiilit
Hepatopulmoner Sendrom
Pulmoner AV Malformasyon

Dusuk KCO

Normal Alveoler Voliim (VA)

Yiiksek KCO

Sag-Sol Sant

Normal Alveoler Voliim (VA)

Diffliz intertisyel AC Hastalig
Bronsiolitis Obliterans
Kronik Kalp Yetmezligi
Amfizem

Diisiik Alveoler Voliim (VA)

Solunum Kas GugsuzIlGgu
Gogus Duvari Restriksiyonu
Hastanin koopere olamamasi
Pnomonektomi

Obezite

Anti-GBM Hastaligi, SLE

Diisiik Alveoler Voliim (VA)

Examination of the Carbon Monoxide Diffusing Capacity (DLCO) in Relation to Its KCO and VA Components

Am J Respir Crit Care Med. 2012; 186: 132-139
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Single Breath
Method-Tek

Soluk
YOontemi

Tiirk Toraks Dernegdi Akciger Difiizyon Kapasitesi Degerlendirme
Uzlasi Raporu-2022

4 DLCO

Vi
Korunmus J
Bozulmusg gaz degigimi VW/TLC
Korunmus (2%80) 4
Restriksiyon Obstriiksiyon
I
1TKCO € KCO veya »KCO JKCO
Ekstraparenkimal J-KCO Pstdo-normal
Hastaliklar Parenkimal Hast

29




Single Breath Method-Tek Soluk Yontemi

Ekipmanin Standardizasyonu

Akim hizlariicin -10 L/sn ile +10 L/sn arasindaki hizlarda + % 2’den az sapma olmali

3 litrelik kalibrasyon siringasi ile olusturulan kalibrasyon volimu + % 2.5 arasinda kalmalidir, bu deger £ 75 mL’lik hacim degisikligine
denk gelmektedir

RGA sistemlerinde % 0-90 sliresi £ 150 msn’nin altinda olmalidir

Gaz konsantrasyon sinyallerinde Linearitede % 0.5’ten fazla sapma olmamali

Onceki DLCO manevrasindan kalan rezidiiel alveoler CO konsantrasyonu ve inert gaz atiliminin = %1 duyarllikla élciilebilmeli

Gaz analizorlerinde Karbon monoksit icin bu sapma 30 saniyede < 10 ppm, tracer gaz icinse 30 saniyede < % 0.5 olmali

Dijital 6lcim yapan sistemlerde sinyallerin dogru islenebilmesi icin en dusik sinyal 6rnekleme hizi her kanal icin 2 100 Hz olmalidir

Hem inspire edilen test gazi, hem de alveoler 6rnek icin sistemin 6l bosluk hacmi bilinmeli ve verilerin hesaplanmasindaki etkileri
kaydedilmeli

Sistemin 6lU bosluk hacmi gaz analizériiniin proksimalinde kalan bolim, filtre ve agizlik kisimlarindan olusur ve 200 ml’ den az
olmali

ERS/ATS TECHNICAL STANDARDS | B.L. GRAHAM ET AL.
Eur Respir J 2017; 49: 1600016



Single Breath Method-Tek Soluk Yontemi

2017 ERS/ATS Standardizasyonu DLCO analizérleri i¢in kalibrasyon énerileri

Kalibrasyon Teknigi

Siklik

Akim analizori sifirlama

Her testten once

Gaz analizorii sifirlama

Her testten Once ve sonra

Voliim kalibrasyon kontrolu Her giin
Biyolojik kontrol Haftada bir
Kalibrasyon siringas1 DLCO kontrolu Haftada bir
Kalibrasyon siringasi kagak kontrolu Ayda bir
Linearite kotrolu (kalibrasyon siringasi veya simiilatér ile) Ayda bir

Tlirk Toraks Dernegi Akciger Difiizyon Kapasitesi Degerlendirme
Uzlasi Raporu-2022
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Chronic Respiratory Disease

PMCID: PMC8649441
PMID: 34855516

Single Breath Method

Chron Respir Dis. 2021 Jan-Dec; 18: 14799731211056340.
Published online 2021 Dec 2. doi: 10.1177/14799731211056340

o0 [ ]
Te k S O I u k YO nte m I Diffusing capacity in chronic obstructive pulmonary disease assessment: A meta-analysis

Yingmeng Ni,' Youchao Yu,"? Ranran Dai,'* and Guochao Shi'-?

Mean Difference

Mean Difference Mean Difference Mean Difference
IV, Random, 95% ClI

IV, Random, 95% ClI

1V, Fixed, 95% CI IV, Random, 95% CI
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2 5 ~ :
- e ’ o
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- } 3 I 1
-100  -50 ( 50 100 = - : '
' non survivor survivor 100 50 0 50 100
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é CH E ST JOURNAL

CLINICAL INVESTIGATIONS; ARTICLES; INTERSTITIAL LUNG DISEASE | VOLUME 108,
ISSUE 2, P305-310, AUGUST 1995

Single Breath Method

Tek Soluk Yontemi

Changes in Pulmonary Function Test Results After 1 Year of Therapy
as Predictors of Survival in Patients With Idiopathic Pulmonary
Fibrosis

DL‘COﬁE Daniel Hanson, MD « Richard H. Winterbauer, MD, FCCP 2 « Steven H. Kirtland, MD « Rae Wu, MD, MFH

1.0 DOI: hitps://doi.org/10.1378/chest.108.2.305
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Unchanged ———
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[

Patients with an improved DLCO had a mean survival of 113.2+60.8 months
mmm—————l
Patients with an unchanged DLCO had a mean survival of 102.5+69 months
\
Patients with an decreased DLCO had a mean survival of 27.3+12.4 months
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Interval in months from initiation of therapy to last follow-up or time of death
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Preoperatif Degerlendirmede DLCO

Pnomonektomi:
Postoperatif DLCO= Preoperatif DLCO X (1-rezeke edilecek akciger perfiizyon fraksiyonu)

Lobektomi:
Postoperatif DLCO= Preoperatif DLCO X (1-rezeke edilecek akciger fonksiyonel segment/total fonksiyonel segment sayisi)

» Postop FEV1 ve DLCO >%60 ise dustk risk, baska bir degerlendirmeye gerek yok
» Herhangi birisi <%60 ve her ikisi >%30 ise mekik yluriime testi veya merdiven ¢ikma testi

» Herhangi birisi <%30 ise kardiyopulmoner egzersiz testi
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