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Klinicky vyznam analyzy vydechovaného vzduchu je
znam jiz od doby Hippokrata. Staroveci lékari vedéli, ze
zapach dechu pacienta je spojen s nekterymi onemocnénimi

-

zapach dechu | onemocneéni

ovocny diabetes

rybi ledviny

kysely astma

sladky jaterni cirhéza

cpavkovy ledviny

fekalni strevni obstrukce

Recent Advances in Nanomaterial-Based Human Breath Analytical

Technology for Clinical Diagnosis and the Way Forward.
Kabir E, Raza N, Kumar V. et al. Chem. 2019; 5/12: 3020-3057
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Neinvazivni metody s analyzou vydechovaného vzduchu nabizeji v klinické
biochemii velmi Siroké uplatnéni, které nejsou v soucasné dobé dostatecne
vyuzivany. V NLM Pubmed databazi je zarazeno vice nez 8500 publikaci a pro
metody se stabilnim izotopem uhliku 13C je popsano vice nez 40 13C-
znacenych substratt. S rozvojem novych technologii, analyzy hmotnostni
spektrometrii se selektivnimi, specifickymi senzory na bazi nanocipu Ize snad
v blizké budoucnosti o¢ekavat vyssi vyuziti neinvazivnich dechovych testu.

Dechové testy se stabilnim izotopem uhliku °C
Dechové testy s mérenim vodiku a metanu

Analyza oxidu dusnatého v dechu
Stanoveni alkoholu a ketolatek v dechu

Analyza tekavych organickych latek v dechu
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13C DECHOVE TESTY V GASTROENTEROLOGII

VYHODY IZOTOPU 3C \

13C - JE STABILNIM IZOTOPEM UHLIKU
- NENI RADIOAKTIVNI
- VYSKYTUJE SE BEZNE V PRIRODE
- CCA 1,1 % UHLIKU V LIDSKEM TELE TVORI 13C

NEVYHODY IZOTOPU 13C

13C - CCA 1,1 % UHLIKU V LIDSKEM TELE TVORI 3C
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produkce CO,

Zmeéna pomeru
13C/12C DOB

podanim substratu

peroralni
podani

hodinovy

13C-substrat

kinetika
meéreni v case
enzymaticka
hydrolyticka
funkce GIT

I ¢

kumulativni
vydej CO,
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13C DECHOVE TESTY - HODNOCENI VYSLEDKU

o0 — DELTA, ¢ je vyjadrena v. %o/ p
0 (%0) = (Rsample/Rstandard - 1) * 1000
613C (%0) ([13C/12C]sampe [13C/12C]standard B

DOB Delta Over Baseline
PDR Percent Dose Recover

cPDR Cummulative Percent Dose Recovery
PET Peak Excretion Time
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13C DECHOVE TESTY - PDB STANDARD

Standardem PDB je primarni referencni m
pro mereni prirozenych zmen obsahu izotopu
stanoveneho v uhlicitanu vapenatem ze schran
kridovych belemnitu rodu Belemnitella americana
Z geologickeé formace Pee Dee v Jizni Karoline (U

13C

PDB Pee Dee Belemnitae

Mezinarodni standard 13C = 1.11237 %
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13C DECHOVE TESTY - PDB STANDARD

~

PDB - Pee Dee Belemnitella americana
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VYSKYT IZOTOPU 3C V PRIRODE

on 13C \iﬁm 5 13CPDB
+10
Uhligitany \
..... IPeeDeeBe'emmte
; Atmosfeéricky CO,
C4rostliny g -1
[] US - Dech CO,
............... c 3r°3t"“ylll 220
Jap. - Dech CO,
EU - Dech CO, - 30
-40
Fosilni zdroje .50

13C abundances of nutrients and the effect of variations

in 13C isotopic abundances of test meals formulated for 13CO2 breath tests.
Schoeller DA. et al.: Am J Clin Nutr. 1980; 33(11): 2375 - 2385
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HeliView - IRMS
ANALYZATOR
DECHOVYCH TESTU

NA BAZI UHLIKU 13C

Koéd VZP: 81701
467 bodu
analytika, odb. 801, IRMS
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ANALYZATOR 3CO, - IR DETEKCE

13

HeliFAN Plus

BCclrophnotometr
Fischer Analysen Instr.




e e i ‘"‘ ul|

1. LEKARSKA FAKULTA - J,M{EE %1

UNIVERZITY. KARLOVY V PRAZEE s &
N -

- VFN PRAHA

14

ANALYZATOR 13002 - IR DETEKCE

N

OptoAkusticky detektor

Lehrer & Luft typ
Lehrer E and Luft K F 1938
German Patent No 730478

Kondensator-
Mikrophon

E—
— Licht — - absorpce IR

—> - zmena tlaku
- deformace membrany
- akusticky signal

L

An analytical model of the pneumatic non dispersive infrared detector

Daniel P Lucero: Journal of Physics E: Scientific Instruments, 1973; 6: 281 - 286
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DOPORUCENE POSTUPY (GUIDELINES)
\

Statement 1: UBT is the most investigated and best recommended non-
invasive test in the context of a ‘test-and-treat strategy’. Monoclonal SAT can
also be used. Serological tests can be used only after validation. Rapid
(‘office’) serology tests using whole blood should be avoided in this regard.
Level of evidence: 2a Grade of recommendation: B

-—
Statement 9: The available data consistently recognise pepsinogen (Pg)
serology as the most useful non-invasive test to explore the gastric
mucosa status (non-atrophic vs atrophic). The Pgl/Pgll ratio can never be
assumed as a biomarker of gastric neoplasia.
Level of evidence: 2a Grade of recommendation: A

Management of Helicobacter pylori infection-the Maastricht V/Florence
Consensus Report.

Malfertheiner P. et all. - The European Helicobacter Study Group (EHSG).
Gut. 2017 Jan; 66 (1): 6-30
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SUBSTRAT: '3C-MOCOVINA

DAVKA: 50 - 100 mg

DOBA TESTU: 30 minut SECHONY
TEST

Hp=UREAZA

NH,-'3CO-NH, + H,0 = 2 NH, + 13CO,

l

RYCHLY

UREAZOVY

TEST lokalni test - biopsie

16
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13C-UREA DECHOVY TEST NA HELICOBACTER PYLORI

N

13C-UBT test, substrat — 75mg znacené mocoviny

vzorky dechu v case T, a T;, minut

DOB do 4% Hp negativni, nad 5%, Hp pozitivni,
pri vysledku 4- 5% doporucujeme test opakovat

-

o

\ o e

Sazebnik vykonu VZP 1.1.2024

klinicka cast - 15143, 1745 bodu
analyticka cast - 81701, 576 bodU |
17 samoplatci — 1000.- Kc

UBT - Hp souprava INFAI
registrovana v CR - SUKL

INFAI

13C-Urea

et :

" Helicobacter Test

= e
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13C-UREA DECHOVY TEST NA HELICOBACTER PYLORI
~
KLINICKE VYSLEDKY:
POCET UBT TESTU: 1621 x
NEGATIVNI VYSLEDEK: 1254 x
POZITIVNI VYSLEDEK: 333 x

HODNOTA DOB 4 - 5: 36 x

POZITIVITA — 20.5%

STANOVENI HpSA VE STOLICI
(HELICOBACTER STOOL ANTIGEN)

POCET HpSA TESTU: 1931x
NEGATIVNi VYSLEDEK: 1678 x
POZITIVNiI VYSLEDEK: 253 x

18

POZITIVITA — 13.1%
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> 13C - TRIOLEIN

» 13C - HIOLEIN

> 13C - MIXED
TRIGLYCERIDE

» 13C - CHOLESTERYL
OCTANOATE

» 13C - TRIPALMITIN

> 13C - TRIOCTANOIN

» 13C - STARCH

> 13C - BzTyrAla

19

STEATORHEA > 11 g/den
MALABSORPCE TUKU

TKANOVE POSKOZENI, FIBROZA > ¢
SEKRECE AMYLAZY < 10%
KORELACE s PABA testem
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.
Which test is clinically indicated
for diagnosing exocrine pancreatic insufficiency (PEI) ?

Statement 3-6. In a clinical setting, a non-invasive pancreatic function test
(PFT) should be performed. The FE-1 test is feasible and widely available and
is therefore most frequently used in this setting, while the 13C mixed triglyceride

breath test (13C-MTG-BT) offers an alternative. The s-MRCP test may also be

used as an indicator of PEI but provides only semiquantitative data.
(Grade 1B, agreement)

Is a pancreatic function test required for the diagnosis of CP?
Statement 3-7. A function test is required for the diagnosis of CP.
(Grade 2B, strong agreement)

Should a pancreatic function test be performed at the time of diagnosis?
Statement 3-8. Every patient with a new diagnosis of CP
should be screened for PEI. (Grade 1A, strong agreement)

Lohr M. - HaPanEU/UEG Working Group, UEG Journal, 2017, Vol. 5(2) 153—199
Inited European Gastroenterology evidence based guidelines for the diagnosis

20

and therapy of chronic pancreatitis (HaPanEU)
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PANKREATICKA LIPAZA
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1,3 DI - STEAROYL

i
CH2 = O = C = (CH2)16 = CH3
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13C-MTG DECHOVY TEST EXOKRINNI FUNKCE PANKREATU

13C-MTG test - v naSem usporadani podavame
100 g bezlepkoveho chleba s 250 mg mixed triglyceridu
ve 20 g margarinu
vzorky dechu v case T, az T;;, minut po 60 minutach
cPDRg,, 4 patologicky pod 30% (BMR)
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13C-MTG DECHOVY TEST EXOKRINNI FUNKCE PANKREATU

KLINICKE VYSLEDKY:

POCET MTG TESTU: 407 x
NORMALNI HODNOTA: 365 X
PATOLOGICKA HODNOTA: 41 x

STANOVENI PANKREATICKE ELASTAZY-1
VE STOLICI (FELA)

SHODA 13C-MTG TESTU S FELA 327 x
SHODA je v 83%

Stanoveni elastazy-1 ve stolici doporucujeme jako vhodny
staticky marker pro posouzeni kapacity exokrinniho pankreatu,
dechovy test '*C-MTG navrhujeme jako dynamicky, funkcni test

23 k posouzeni komplexniho, digestivniho efektu.
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13C - DECHOVE TESTY JATERNICH FUNKCI
VOLBA SUBSTRA}U\

> 13C - GALAKTOZA
CYTOSOL, FOSFORYLACE, DG.CIRHOZY
> 13C - AMINOPYRIN
CYP2C19, DEMETYLACE, ZAVAZNOST HCV FIBROZY
> 13C - FENYLALANIN
CYTOSOL, OXIDACE, POSOUZENI FUNKCNI REZERVY
> 13C - METHIONIN
MITOCHONDRIE, OXIDACE, POSOUZENI NAFLD
> 13C - METHACETIN
CYP1A2, DEMETYLACE, POSOUZENI JAT.ONEMOCNENI

24

Potential use of metabolic breath tests to assess liver disease and prognosis:

has the time arrived for routine use in the clinic?
travitz RT, llan Y. Liver Int. 2016 Oct 8. doi: 10.1111/liv.13268. [Epub]
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DECHOVY TEST s 3C - METACETINEM

Exalenz Breatth%f

Klinické studie 2016-2019 s 13C-17
Nealkoholicka hepatitida (NASH,
riziko cirhozy u transplantaci jater

13C Methacenin - MBT analyzujici jaterni funkce,
muize spolehlivé predpovidat dekompenzaci jater
u pacientt s kompenzovanou NASH cirhézou.

The noninvasive point of care MBT accurately predicts decompensation events
better than MELD in compensated (MELD<15) NASH cirrhotics.

Chalasani N, Lawitz E, Abdelmalek M. et al.,

25 AASLD Liver Meeting, San Francisco, November 2018, Abstract No.1337
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13C Methacenin - LiMAX
korelace s Child-Pugh score

Enzymatic liver function capacity correlates with disease severity of patients
with liver cirrhosis: a study with the LiMAx test.
Malinowski M, Jara M, Liittgert K. et al. Dig Dis Sci. 2014 Dec;59(12):2983-2991
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B Preoperative
B Intraoperative before resection

H Introperative after resection

h
Hodnoceni jaternich funkci
v realném case
2mg/kg 3C-methacetinu i.v
LiMAXx skore v ug/kg/h
10 nemocnych s resekci jater

B Postoperative

iE
~
n
-
o
1
@
L
<
2
o

First intraoperative measurement of liver functional capacity during liver
surgery using the 13 C-methacetin breath test: early results of a pilot study.
Makridis G, Oldhafer KJ. J Hepatobiliary Pancreat Sci. 2020; 27(5): 280-281
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13C-GLUK(')ZOVY DECHOVY TEST

0.048

Type 2 diabetes |
-~ 7 -0.040
\g Pre-diabetes - =
< 0032 S
]
ﬁU 24 } :0 04 = 28 Hodnoceni inzulinové rezistence
2 -Nnrmy;_‘ . SEEEl Dg. pre-diabetu a diabetu 2.typu
2 161 . ' ' Index inzulinové senzitivity
© A kil Soubor 31 NDC, 38 PD a 47 T2D

8 0 008 75mg 3C¢ D-glukozy ('°C-GBT)
5. [} S 5 6(] 6 5 7[] 7 5 3 0 3 5 ISI,,, je citlivéjSi nez HOMA-IR

HbAlc (%)

Insulin sensitivity index (1S10, 120) potentially linked to carbon isotopes of
breath CO2 for pre-diabetes and type 2 diabetes. Ghosh C, Mukhopadhyay P,
Ghosh S, Pradhan M. Sci Rep. 2015; 5: e11959



http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/

"

L r
-

VFN PRAHA

C3, C4 C2, C5 C1, C6

H ?1 Glucose
I/OH
Co
|
C1 Cc2 C3

|
o)
I

Pyruvate

w N

0 O—0O—0=0
Il
(0]

&~

CO, is produced when
pyruvate is decarboxylated.

S5 A

—

—OH Acetate

N
0—0
i+

TCA cycle

Investigation of Metabolism of Exogenous Glucose at the Early Stage and Onset
of Diabetes Mellitus in Otsuka Long-Evans Tokushima Fatty Rats Using
[1, 2, 3-13C]Glucose Breath Tests. Kawagoe N, Kano O, Kijima S, Tanaka H,
Takayanagi M, Urita Y. PLoS One. 2016; 11(8): e0160177
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Isomark Canary™ - BDV vétsi nez 1,4% presné rozliSuje subjekty, u nichz se objevuji
infekce a pred klinickym potvrzenim predpovida pritomnost infekce az 48 hodin. BDV
muze predvidat nastup infekce a poméhat pri odliéeni SIRS od infekce coz by mohlo

v v aw

Changes in exhaled 13C02/12C0O2 breath delta value as an early indicator of infection

in intensive care unit patients. O'Rourke AP, Buckman SA, Evans DC, Kerwin AJ,
Breunig EA, Biitz DE. J Trauma Acute Care Surg. 2019 Jan;86(1):71-78.
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13C-EBT - DECHOVY TEST NA ODBOURAVANI ALKOHOLU

13C-EBT - 13C Ethanol Breath Test
testovacim substratem je
100 pl 13C-etanolu
ve 100 ml Asahi piva
testovan byl polymorfismus
alkohol dehydrogenazy (ADH) a
aldehyd dehydrogenazy (ALDH)

Evaluation of alcohol metabolism in humans using the non-invasive [13C]J-ethanol
breath test — influence of gender, Helicobacter pylori infection and polymorphism
of alcohol-oxidizing enzymes. Suzuki M, Tanaka S, Komatsu H, et al. Alimentary
Pharmacology & Therapeutics 2006; 2: 177-181.
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Dechovy test Indikace \ Senzitivita | Specificita
13C-Glykocholat SIBO 35%
13C-Xyloza SIBO 30%
13C-Laktoza Malabsorpce 96%
13C-Urea Hp infekce 96%
13C-Aminopyrin Jaterni testy 86%

13C-Metacetin Jaterni testy 93%
13C-Fenylalanin Jaterni testy 98%
13C-Mixed-triglycerid | Pankreat.insuficience 89%

13C-Oktanoat Vyprazdnovani zaludku 67%

Update on diagnostic value of breath test in gastrointestinal and liver diseases.

Slddlqwl Ahmed S, Abid S.

32
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krystalizace
laktozy

13C-enriched lactose, derived from milk of cows fed with silo corn (d='-10.885) for 5 weeks.

Because it is known that it takes 14 days for cows milk to be in equilibrium with a diet,
milk of seven cows was collected during the last 3 weeks of this 5-week period and pooled.
Lactose was obtained by crystallization techniques.
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PRIROZENE SUBSTRATY 13C PRO DECHOVE TESTY

J Gastroenterol Hepatol. 2005 Aug; 20(8): 1228 - 1234
Feasibility of a breath test with a substrate of natural 13C-abundance and isotope-selective
non-dispersive infrared spectrometry: a preliminary study.

Jonderko K, Kasicka-Jonderko A, Syrkiewicz-Trepiak D, Blonska-Fajfrowska B.
Naturally (13)C-enriched starch and NDIRS provides background for future research on
the clinical usefulness of this method for a non-invasive assessment
of the pancreatic exocrine function.

N

J Lab Clin Med. 1988 Aug; 112(2): 193 - 200
13C02 breath test using naturally 13C-enriched lactose for detection of lactase deficiency
in patients with gastrointestinal symptoms.
Hiele M, Ghoos Y, Rutgeerts P, Vantrappen G, Carchon H, Eggermont E.
The 13C0O2 breath test was found to be more sensitive (0.84 versus 0.68) and more specific
(0.96 versus 0.89) than the H2 breath test in detecting low jejunal lactase activity.
R
The American Society for Nutritional Sciences J. Nutr. 134: 1193 - 1196, May 2004
A Combined 13C0O2/H2 Breath Test Can Be Used to Assess Starch Digestion
and Fermentation in Humans
Erin L. Symonds, Stamatiki Kritas, Taher I. Omari and Ross N. Butler
The 13C0O2/H2 breath test can be used to estimate digestion and fermentation of starches

34 in different physiologic and pathologic conditions.
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DOPORUCENE POSTUPY (GUIDELINES)

Toto doporuceni by meélo zlepsit celoevropskou harmonizaci
diagnostickych pristupu k symptomum a porucham, které jsou
velmi ¢asté v gastroenterologické praxi jak specialistu tak
primarni péce u dospélych i detskych pacientu.

Kromeé toho tato prirucka identifikuje oblasti budouciho
klinického vyzkumu zahrnujici pouziti 1°C dechovych testu

35

13C-UBT Urea Breath Test
13C GEBT Gastric Emptying Breath Tests
13C PFBT Pancreatic Function Breath Tests
13C MTGBT Mixed Triglyceride Breath Test
13C LFBT Liver Function Breath Tests

European quideline on indications, performance and clinical impact of
13C-breath tests in adult and pediatric patients: An EAGEN, ESNM, and

ESPGHAN consensus, supported by EPC. Keller J, Hammer HF,
Afolabi PR et al. United European Gastroenterol J. 2021; 9: 598-625
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13C DECHOVE TESTY V DALSICH OBORECH

~
(13)C-tryptophan breath test detects increased catabolic turnover of tryptophan along

the kynurenine pathway in patients with major depressive disorder.
-~ Teraishi T, Hori H, Sasayama D. et al.Sci Rep. 2015 Nov 3;5:15994.

Our results suggest that the 13C-TBT could be a novel biomarker for detecting
a subgroup of MDD with increased tryptophan—KYN metabolism.

13C-phenylalanine breath test detects altered phenylalanine kinetics in schizophrenia

patients. Teraishi T, Ozeki Y, Hori H. et al. Transl Psychiatry. 2012 May 22;2:e119

Our results suggest that 13C-PBT is a novel laboratory test that can detect altered
phenylalanine kinetics in chronic schizophrenia patients.

A rapid non invasive L-DOPA-"°C breath test for optimally suppressing extracerebral
AADC enzyme activity - toward individualizing carbidopa therapy in Parkinson’s disease.
Modak A, Durso R, Josephs E. et al. J Parkinsons Dis. 2012;2(4):349-56.

The LD-breath test can be a useful noninvasive diagnostic tool for evaluation of
AADC enzyme activity using the biomarker 13CO2 in breath, a first step in personalizing

36 CD doses for PD patients.
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Gastrolyzer, Bedfont

H2 Check MD Diagnostics |

37
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HYDROFOBNI REFERENCNI | pispLAY
MEMBRANA ELEKTRODA

POMOCNA
ELEKTRODA

38

H, ANALYZATORY JSOU ZALOZENY
NA ELEKTROCHEMICKEM DETEKTORU VODIKU
AMPEROMETRICKE (MICRO-FUEL)
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PROC NESTACI ANALYZA VODIKU ?

N

Plyn Mnozstvi
Vodik o

Metan CH, 0 - 56%
Oxid uhlicity CO, 3 - 54%
Dusik N, 11 - 92%
Kyslik O, 0-11%

Plyny v travicim traktu, Lukas K.

Ces a Slov Gastroent a Hepatol 2009; 63(1): 20-24

Metan produkuje 24 - 48% populace

Role of hydrogen and methane breath testing in gastrointestinal diseases
Di Stefano M., Corazza GR. Dig. Liver Disease Suppl.3 (2009) 40—43
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metanogeni bakterie

4H,+CO, —— CH,+

sulfat redukujici bakterie

acetogeni bakterie

4H, + 2CO, ——p CH,COOH + 2H,0

Glut-5 Transporter
®e
©° 00 0%00

o]
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PROC JE TREBA DALéi, TRETI ANALYT ?

NADECH VYDECH

C02 - 0,04 % 7) - 2,5 = 3,5 %

CO,=5,201%

'''''''

NADECH - VYDECH KONC.CO,
NADECH - ZADRZENI DECHU - VYDECH KONC.CO,
NADECH - ZADRZENI DECHU NA 10 sec - DLOUHY VYDECH KONC.CO, JE OK

41 I
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PROC JE TREBA DALSI, TRETI ANALYT ?

~N

Pokud je alveolarni vzorek vzduchu kontaminovany
se vzduchem v mistnosti, koncentrace CO, ve vzorku se snizi,

stejné jako dalsi méerene plyny ve vzorku - H, a CH,

Korekcni faktor = alveolarni koncentrace CO, / koncentrace CO, ve vzorku

Korekcni faktor nastaveny podle koncentarce CO,

minimalizuje chyby zplisobené nespravnym odbérem vzorku

42
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ALVEOLARNi KONCENTRACE CO,

N

CO, je fyziologickym regulatorem dychani, a alveolarni tlak pCO, je

Wy

"normalizatorem"” mérenych plyni ve vzorku.

Zahranicni studie prokazuiji,
ze pouziti alveolarni koncentrace 5,5%,

je vhodneé pro vypocet korekcniho faktoru

Alveolarni pCO, je konstantni - 40 mm Hg.
Procento CO, v alveolarnim vzduchu je ovlivnéno barometrickym tlakem.
Alveolarni vzduch s pCO, 40 mm Hg, na urovni hladiny more,
bude mit koncentraci CO, asi 5,5%
zatimco alveolarni vzduch napr. v Denveru bude mit CO, 6,8%
(1610 m.n.m., barometricky tlak je 625 torru)
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LACTOTEST 295

ABSORBER BREATH TESTER
VLHKOSTI A CO, ~

PLASTOVY VAK NA
ODBER VYDECHOVANEHO
VZDUCHU, PRUCHOZI

44
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ANALYZATOR VODIKU A METANU - LACTOTEST-202 XTEND

Dechovy test na SIBO, 75g glukozy,
Vzorky dechu odebirame po 15 minutach 3 hodiny
Dechovy test na laktozovou/fruktozovou intoleranci
20g laktozy/25¢g fruktozy
Vzorky dechu odebirame po 15 minutach 4 hodiny
Pozitivita testu — vzestup H,/CH, o 10ppm proti basalni hodnote
Vykon 81702 od 1.1.2024, 1687 bodii

KLINICKE VYSLEDKY:
POCET DECHOVYCH TESTU: 1920 x

PODEZRENI NA SIBO 79,9 % testu
POZITIVITA — 43.2%

PODEZRENiI NA MALABSORPCI 20,1% testu

POZITIVITA — 55.2%
|
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H2 /CH4 DECHOVE TESTY, INDIKACE, SPOLEHLIVOST

Dechovy test

~N

Indikace Senzitivita | Specificita

Glukézovy HBT |SIBO 62%
Laktulézovy HBT |SIBO 31%
Fruktézovy HBT | Malabsorpce 98% 86%

Laktézovy HBT

Malabsorpce 80% 100%

0 |
Update on diagnostic value of breath test in gastrointestinal and liver diseases.
Siddiqui I, Ahmed S, Abid S.

World J Gastrointest Pathophysiol. 2016 Aug 15;7(3):256-265
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' -+ CH4 ,
— 2xCH4+H2 [
= |nit. H2

75 g GLUKOZY |
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KONCENTRACEH2

Sample

20 g LAKTOZY |
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H,-FRUKTOZOVY DECHOVY TEST

Fruktézovy dechovy test - 46 leta pacientka L.S.
Dechovy test proveden béhem 6 tydnu 3x, fruktéza v davce 25¢g, 10g a 59
Vzorky odebirany 4 hodiny po 15 minutach

50

W

Fruktéza 25g - 10g - 5g

/ N\

Ny N
o\

"“_\-"‘ ‘/“‘
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13C-ACETATOVY a H,-LAKTULOZOVY DECHOVY TEST

T max
(GET) Hodnoceni OCTT - OroCeacal Transit Time
I % dilbailimF max oproti SBTT - Small Bowel Transit Time

(SBTT)

T delta 20
(OCTT)

Cum. 1h-
13C-exhalation

Cum. 3h-13C-exhalation

T T T T

60 80 100 120 140 160 180 200
Time, minutes

Simultaneous non-invasive measurement of liquid gastric emptying and |
small bowel transit by combined 13C-acetate and H2-lactulose breath test.
Bertram F, Andresen V, Layer P, Keller J. J Breath Res. 2014; 8(4): e046007
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TRIO-TEST S DETEKCIi VODIKU, METANU A SIROVODIKU

HYDROGEN METHANE

Indicative of: Indicative of:
Small Intestinal Bacterial Intestinal Methanogenic

Overgrowth (SIBO)

Correlated with: Correlated with:
No correlation with symptoms A Constipation
Trio-smart breath test ‘
DAL AAENIGIE HYDROGEN SULFIDE
Hodnoceni H,, CH, a H,S Indicative o

Korekce na CO, Excess Hydrogen Sulfide

4-Gas Device Correlated with:
Diarrhea

Overgrowth (IMO)

Validation of a 4-Gas Device for Breath Testing in the Determination of Small
Intestinal Bacterial Overgrowth. Singer-Englar T, Rezaie A, Gupta K. et al.
Gastroenterology, 2018, 154(6), s. 281
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DOPORUCENE POSTUPY (GUIDELINES)

Toto doporuceni pro klinickou praxi by mel usnadnit
celoevropskou harmonizaci diagnostickych pristupu k
symptomum a porucham, které jsou velmi bézné v
gastroenterologické praxi specialistli a primarni péce, a to jak
u dospélych, tak u détskych pacientu. Kromeé toho identifikuje
oblasti budoucich potreb vyzkumu k objasnéni diagnostickych

a terapeutickych pristupu.

H.BT - Hydrogen Breath Tests
Small intestinal bacterial overgrowth - SIBO - glucose, lactulose
Oro-cecal transit time - OCTT - lactulose, inulin
Carbohydrate malabsorption:
Lactose malabsorption - lactose, Fructose malabsorption - fructose

European guideline on indications, performance, and clinical impact
of hydrogen and methane breath tests in adult and pediatric patients.

EAGEN, ESNM and ESPGHN consensus. Hammer HF, Fox MR, Keller J. el at.
53 United European Gastroenterol J. 2022; 10: 15-40.
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~
37lety drive zdravy muz
pri nastupu sluzby do ponorky
rutinné testovan na alkohol
Diabeticka ketoacidoza
pozitivni vysledek ruéniho alkoholtesteru

ALCOHOL
DETECTOR
AL-6000

54

arly Detection of Diabetic Ketoacidosis by Breathalyzer in a Sailor
Reporting for Duty. Reinhart J. Mil Med. 2019; 184(11-12): e951-e952
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AN

COPD je heterogenni porucha s
riznymi fenotypy. Studie je zamérena
na stanoveni prevalence astmaticke
anamneézy, periferni eozinofilie a
zvysSenych hladin FeNO spolu s
diagnostickou efektivitou periferni
eozinofilie pri identifikaci eozinofilniho
zanétu dychacich cest.

FeNO
Fractional exhaled Nitric Oxide

Eosinophilia and fractional exhaled nitric oxide levels in chronic obstructive

lung disease. Annangi S, Nutalapati S, Sturgill J et al. Thorax. 2021 Aug 20.
55 Epub. PMID: 34417353.
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Before After

NUD (Non Ulcer Dyspepsia) n=64
p<0.001 N a5y PUD (Peptic Ulcer Disease) n=56
Hp negativni kontroly n=49
p<0.01 ANO (ppb) detekce CRDS
Cavity Ring-Down Spectroscopy
d13C (< 3%o) 1°C-UBT detekce ICOS
Laser-Based Integrated
Cavity Output Spectroscopy

Exhaled nitric oxide as a potential marker for detecting non-ulcer dyspepsia

and peptic ulcer disease. Som S, Dutta Banik G, Maity A et al. J Breath Res.
56 2018; 12(2): 026005
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VOC - TEKAVE ORGANICKE LATKY V DECHU

Acetonitrile
Acetone
2-Propanol
Isoprene

Toluene

=
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Ethyl ester

Pentanal
Propane-1-methylthio

2-Butanone
1-Pentanol

.71 5. .

Butanal

Time, min

Investigation of different approaches for exhaled breath and tumor tissue
analyses to identify lung cancer biomarkers. Gashimova E, Temerdashev A,
Porkhanov V. et al. Heliyon. 2020; 6(6): e04224.
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GCxGC-MS v Complex matrices
GC-MS

' v Gold standard
X Time consuming
ReCIVA

OFFLINE

¥ Requires expertise

APCI-MS £
v" Compact, tuneable F}l .

GCxGC-MS Comprehensive two-dimensional gas
chromatography

X Low scan rate GC-MS Gas Chromatography Mass

Spectrometry

APCI-MS :*!.Tﬂ'l‘ﬂs p‘hcrlc Pressure lemnlzal
ionisation- Mass Spectromctry

_—
PTR-MS .
ONL]NE ‘ ' Proton Transfer Reaction Mass
v" High sensitivity | Spectrometry

X Low scan rate “C- Gas Chromatography lon Mobility
Spectrometry

GC-IMS

v" Compact, tuneable
¥ Low scan rate

Assessment of breath volatile organic compounds in acute cardiorespiratory
breathlessness: a protocol describing a prospective real-world observational
study. Ibrahim W, Wilde M, Cordell R. BMJ Open. 2019; 9(3): €025486
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diabetes, chron.onemocmva CA plic

29

Acetaldehyd | CA prsu

Formaldehyd | CA plic

Hexanol CA plic

Oktanol Alzheimer

Etanol steatéza jater, diabetes, CA lic

Ethylbenzen | Parkinson, diabetes

Isopren chron.onemocnéni ledvin, CA plic

Styren Alzheimer, Parkinson, chron.onemocnéni ledvin, CA plic
Benzen Alzheimer, Parkinson, TB, KRCA

Hexan Alzheimer, CA plic, hlavy a krku

Dekan Alzheimer, CA plic, hlavy a krku, prsu a prostaty

Oktan Alzheimer, Parkinson, chron.onemocnéni ledvin, CA plic, hlavy a k

Investigation of different approaches for exhaled breath and tumor tissue

analyses to identify lung cancer biomarkers. Gashimova E, Temerdashev A,
Porkhanoyv V. et al. Heliyon. 2020; 6(6): e04224.
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ANALYZA VOC U NEMOCNYCH S IBD

~

Studie byla provedena na VOC
ve vydechovaném vzduchu
Zanetlive onemocneéni strev (IBD)
136 s Crohnovou chorobou (CD)
51 s ulcerozni kolitidou (UC)
Kontrola - 14 zdravych osob
Vzorky dechu do vakiu Nalophan
Analyza hmotnostni spektrometrii
s iontovym pritokem (SIFT-MS)

-
6)
(@

=\
o
o

pentane, ppbv

controls

Pentane and other volatile organic compounds, including carboxylic acids,

in the exhaled breath of patients with Crohn's disease and ulcerative colitis.
60 Dryahina K, Smith D, Bortlik M. et al. J Breath Res. 2017; 12(1): 016002
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ARTEFICIALNI INTELIGENCE PRI ANALYZE VOC

N

Studie 57 autoru ze 21 pracovist’ (I1zrael, Francie, USA)
Vzorky vydechovaného vzduchu 1404 osob
Pro 17 onemocnéni byl definovan ‘dechovy otisk’ VOC
karcinom plic, kolorektalni karcinom, karcinom ovaria,
karcinom prostaty, karcinom ledvin, karcinom zaludku,
karcinom hlavy a krku, karcinom mocového méchyre,
Crohnova choroba, ulceréozni kolitida, IBS,
Parkinsonova choroba, mnohocetna skleroza,
plicni arterialni hypertense, pre-eklampsie, chronické selhani ledvin
Spolehlivost umeélé inteligence na diagnostiku 17 onemocneéni je 86%

61

Diagnosis and Classification of 17 Diseases from 1404 Subjects via Pattern

Analysis of Exhaled Molecules. Nakhleh MK, Amal H, Jeries R. et al.
ACS Nano. 2017; 11(1): 112-125
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Pulmonary Hypertension

Lung Cancer
Colorectal Cancer
Ovarian Cancer
Bladder Cancer
Prostate Cancer
Kidney Cancer

Gastric Cancer

Crohn's Disease
Ulcerative Colitis
Irritable bowel Disease
Idiopathic Parkinson’s
Atypical Parkinsonism
Head and Neck Cancer
Multiple sclerosis

Pre Eclampsia Toxemia

2-ethylhexanol
F-methylhexane

5-ethyl-3-methyloctane o 2 000E +06
ey i 1. 850E+06
1. FI1BE+DE
1. B53E+DB
o =) 1. SA0E+DE
ethanol | | R S 1.DDOE+DG
", . FOOOE+DS
ethyl acetate ] 6. 500E+05
e - il 4 T il S 0D0DE+DS
3. S00E+DS
Z ODOE+DS
isononane W R
| 1 | | | 1_BOOE+OS
_ 1. 000E+O5
isoprene 5 BH0E+0d
[ | ] | 3 ETSE+D4
noenanal 1. S00E +Da
T SO000
1000

acetone

ethylbenzene

styrene

toluene

undecane

Diagnosis and Classification of 17 Diseases from 1404 Subjects via Pattern
Analysis of Exhaled Molecules. Nakhleh MK, Amal H, Jeries R. et al.
ACS Nano. 2017; 11(1): 112-125
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63

Zatimco testy krve, moci a stolice
se staly bézné zpulisoby
identifikace nemoci,
vyvoj dechovych testu pokulhaval
protoze dosud neexistoval
spolehlivy zplisob
sbéru a analyzy vzorku dechu.

The Great Exhale Using Breath Analysis to Detect Disease.
Mertz L.: IEEE Pulse. 2020; 11(3): 7-11
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preriistani Protilatky ke tkanove transglutaminaze {(atTG

Tkanova transglutaminaza ma pfimy vztah k patogenezi onemocnéni a byla popsana jako
Anti-endomysium lgA vlastni, chemicky substrat endomysia. Tkafiova transglutaminaza - (isoenzym transglutaminasa
Anti-gliadin lgA, lgG Il TG2 - EC 2.3.2.13, je transferazou, systémovy nazev je protein-glutamin:amin-

AntisTG Igh, 19G g—glutar:nyltranﬂerasa. Je to (_:32_-0- dependentpi enzym, katalyz_’ujin:i dearrﬂnan_:i qluteamir_m na
glutamat, rovnéz vede ke vzniku intramolekularni vazby glutaminu na dalgi primarni amin, napf.
: R lysin a vede k agregaci glutaminovych peptidd. Stanoveni protilatek ke tkafiove transglutaminaze
A-vitamin zatézovy test (atT3) ma proto rovnéF velmi vysokou diagnostickou efektivitu, podobng jako Emd protilatky

k-karoten (=enzitivita 57-97 % a specificita 83-98%). Stanoveni atTG je provadéno klasickou metodou

ELISA, coZ je pro rutinni diagnostiku technika dostupnéjsi neZ immunofluorescenéni prikaz Ema.

Anti-gliadin, tTG ve stolici

E-karoten zatézovy test

Céliakie - screening Protilatky atTG |ze na rozdil od Em&, stanovovat ve tidé g i[9G, coZ ma wiznam pro nemocne
Dechowy test s laktdzou se selektivnim deficitern lgé. Metoda byla popséna s pouZitim morgeciho antigenu, ktery je
Dechovy test s xylizou poufit ve wEtding starSich souprav, novE]Si soupravy jiZ pouZivaji jako antigen tkafowau
transglutaminazu izolovanou z lidskych bunék, z lidskych erytrocytd, nebo rekombinantni tTG
o . ) izalovanou na E.coli. Referenéni hodnoty se 57 u jednotlivich souprav, vétSinou je pro lgi
Laktulézo/mannitolovy test protilatky uvddéna horni hranice normy 10 - 15 1A, nékteré soupravy definuji i tzv. gray-zone v

Xylozovy toleranéni test rozsahu 10 - 20 1L/ Stanaveni protilatek atTG = lidskym, rekombinantnim antigenem wykazuje
niZsi falesnou pozitivitu neZ metody s moréecim antigenem. Mejnovéjsi studie porovnavaji
protilatky tiidy IgA a lgG, a POCT metodiky stanoveni atTG pratilatek. Stanoveni protilatek atTG ve tRidé IgA je doporugeno
jako zakladni screeningovy test pro diagnostiku celiakie. Pro screening byla v roce 2011 pouZita i technologie detekce atTG
ve slinach, a nejnovéjsi studie popisuji zcela nove technologie detekce protilatek elektrochemickymi imunosenzoary.

Laktozowy tolerancni test
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