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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

Recent AdvancesRecent Advances inin NanomaterialNanomaterial--BasedBased Human Breath AnalyticalHuman Breath Analytical
Technology forTechnology for Clinical DiagnosisClinical Diagnosis and theand the Way ForwardWay Forward. . 

KabirKabir E,E, RazaRaza N,N, KumarKumar V.V. et alet al.. ChemChem. 2019; 5/12: 3020. 2019; 5/12: 3020--30573057
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The clinical significance of exhaled air analysis isI have known 
since the time of Hippocrates. Ancient doctors knew that the smell 

of a patient's breath was associated with certain illnesses

The clinical significance of exhaled air analysisThe clinical significance of exhaled air analysis isIisI have known have known 
since the time ofsince the time of HippocratesHippocrates. Ancient doctors knew that the smell . Ancient doctors knew that the smell 

of a patient's breath was associated with certain illnessesof a patient's breath was associated with certain illnesses

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/


33

Non-invasive methods with the analysis of exhaled air offer very wide applications in 
clinical biochemistry, which are currently not sufficiently used. More than 8,500 

publications are included in the NLM Pubmed database, and more than 40 13C-labeled
substrates are described for methods with the stable carbon 13C isotope. With the 

development of new technologies, mass spectrometry analysis with selective, specific 
sensors based on nanochips, a higher use of non-invasive breath tests can perhaps 

be expected in the near future.

NonNon--invasive methods with the analysis of exhaled air offer very widinvasive methods with the analysis of exhaled air offer very wide applications in e applications in 
clinical biochemistry, which are currently not sufficiently usedclinical biochemistry, which are currently not sufficiently used. More than 8,500 . More than 8,500 

publications are included in the NLMpublications are included in the NLM PubmedPubmed database, and more than 40 13Cdatabase, and more than 40 13C--labeledlabeled
substrates are described for methods with the stable carbon 13C substrates are described for methods with the stable carbon 13C isotope. With the isotope. With the 

development of new technologies, mass spectrometry analysis withdevelopment of new technologies, mass spectrometry analysis with selective, specific selective, specific 
sensors based onsensors based on nanochipsnanochips, a higher use of non, a higher use of non--invasive breath tests can perhaps invasive breath tests can perhaps 

be expected in the near futurebe expected in the near future..

Stable carbon isotope breath tests13C Stable carbonStable carbon isotopeisotope breathbreath teststests1313C C 

Breath tests with hydrogen and methaneBreath tests with hydrogen andBreath tests with hydrogen and methanemethane

Analysis of nitric oxide in breathAnalysis of nitricAnalysis of nitric oxideoxide in breathin breath

Determination of alcohol and ketone in breathDetermination of alcohol andDetermination of alcohol and ketone ketone in breathin breath

Analysis of volatile organic compounds in breathAnalysis of volatile organic compounds in breathAnalysis of volatile organic compounds in breath



44 BREATH TESTS TYPE: 14C 13C H2 CH4BREATH TESTS TYPE: BREATH TESTS TYPE: 1414CC 1313CC HH22 CHCH44

NLM - MEDLINE DATABASE ANALYSIS 1990 - 2023NLM NLM -- MEDLINE DATABASE ANALYSIS 1990 MEDLINE DATABASE ANALYSIS 1990 -- 20232023
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13C BREATH TESTS IN GASTROENTEROLOGY1313C BREATH TESTS IN GASTROENTEROLOGYC BREATH TESTS IN GASTROENTEROLOGY

13C  - IS A STABLE ISOTOPE OF CARBON
- IS NOT RADIOACTIVE
- COMMON OCCURENCE IN THE NATURE
- 1,1 % OF CARBON IN HUMAN BODY IS 13C

13C  - IS A STABLE ISOTOPE OF CARBON
- IS NOT RADIOACTIVE
- COMMON OCCURENCE IN THE NATURE
- 1,1 % 1,1 % OF CARBON IN HUMAN BODY ISOF CARBON IN HUMAN BODY IS 1313CC

ISOTOPE 13C BENEFITSIISSOTOPOTOPEE 1313C C BENEFITSBENEFITS

ISOTOPE 13C DISADVANTEGESISOTOPEISOTOPE 1313C C DISADVANTEGESDISADVANTEGES

13C  - 1,1 % OF CARBON IN HUMAN BODY IS 13C13C  - 1,1 % 1,1 % OF CARBON IN HUMAN BODY ISOF CARBON IN HUMAN BODY IS 1313CC



13C- BREATH TEST PRINCIPLE1313CC-- BREATHBREATH TEST PRINCIPLETEST PRINCIPLE
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13C-substrate1313CC--substratesubstrate

Peroral 
administration
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administrationadministration
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function GIT
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13C 1313C C 

absorptionabsorptionabsorption

13C 1313C C 

eliminationeliminationelimination
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determinationdetermination
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DOBDOBDOB

Change in ratio 
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administration
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production CO2production COproduction CO22

matem.modelmatem.modelmatem.model
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δ − DELTA, δ is expressed in ‰ / per thousandδ − DELTA, δ is expressed in ‰ / per thousand

δ (‰) =  (Rsample/Rstandard - 1) • 1000δ (‰) =  (Rsample/Rstandard - 1) • 1000

δ13C (‰) = ([13C/12C]sample/[13C/12C]standard - 1) • 1000 δ13C (‰) = ([13C/12C]sample/[13C/12C]standard - 1) • 1000 

13C BREATH TESTS - RESULTS COUNTING1313C BREATH TESTS C BREATH TESTS -- RESULTS COUNTINGRESULTS COUNTING

DOB Delta Over Baseline
PDR  Percent Dose Recover
cPDR   Cummulative Percent Dose Recovery
PET Peak Excretion Time

DOBDOB DeltaDelta Over BaselineOver Baseline
PDR  PDR  PercentPercent Dose RecoverDose Recover
cPDR   cPDR   CummulativeCummulative PercentPercent Dose RecoveryDose Recovery
PETPET Peak Excretion TimePeak Excretion Time
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13C BREATH TESTS - PDB STANDARD1313C BREATH TESTS C BREATH TESTS -- PDB STANDARDPDB STANDARD

The PDB standard is the primary reference material
for measuring natural changes in the content of the 
carbon isotope 13C,determined in calcium carbonate 
from shells Cretaceous belemnites of the genus 
Belemnitella americana from the Pee Dee geological 
formation in South Carolina (US)

The PDB standard is the primary reference material
for measuring natural changes in the content of the 
carbon isotope 13C,determined in calcium carbonate 
from shells Cretaceous belemnites of the genus 
Belemnitella americana from the Pee Dee geological 
formation in South Carolina (US)

PDB Pee Dee Belemnitae

International standard 13C = 1.11237 % 

PDBPDB Pee Dee BelemnitaePee Dee Belemnitae

InternationalInternational standardstandard 1313C = 1.11237 % C = 1.11237 % 



99

PDB - Pee Dee Belemnitella americanaPDBPDB -- Pee Dee Pee Dee Belemnitella americanaBelemnitella americana

13C BREATH TESTS - PDB STANDARD1313C BREATH TESTS C BREATH TESTS -- PDB STANDARDPDB STANDARD



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

13C13C abundancesabundances ofof nutrientsnutrients and theand the effecteffect ofof variations variations 
in 13Cin 13C isotopic abundancesisotopic abundances of testof test meals formulatedmeals formulated for 13CO2for 13CO2 breathbreath tests.tests.

SchoellerSchoeller DA.DA. et alet al.:.: AmAm J ClinJ Clin NutrNutr. 1980; 33(11): 2375 . 1980; 33(11): 2375 -- 238523851010

OCCURENCE 13C IN NATUREOCCURENCEOCCURENCE 1313C C IN NATUREIN NATURE
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HeliView - IRMS ANALYSER
OF BREATH TESTS

BASED ON CARBON 13C

HeliViewHeliView - IRMS ANALYIRMS ANALYSERSER
OF BREATH TESTSOF BREATH TESTS

BASED ON CARBONBASED ON CARBON 1313CC
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IRMS - BREATH TEST ANALYSER - DETECTIONIRMS IRMS -- BREATH TEST ANALYSER BREATH TEST ANALYSER -- DETECTIONDETECTION

I R M S 
ISOTOPE - RATIO

MASS SPECTROMETRY

II RR MM S S 
ISOTOPE ISOTOPE -- RATIORATIO
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DETECTION
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45 - 13C16O2
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DETEDETECTIONCTION
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45 45 -- 1313CC1616OO22
46 46 -- 1212CC1616OO1818OO
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13CO2 ANALYSER WITH IR DETECTION1313COCO22 ANALYSER WITH IR DETECTIONANALYSER WITH IR DETECTION

HeliFAN Plus
IR spectrophotometr

Fischer Analysen Instr.

HeliFANHeliFAN PlusPlus
IRIR spectrophotometrspectrophotometr

FischerFischer Analysen InstrAnalysen Instr..
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OptoAcustic detection
Lehrer & Luft typ

Lehrer E and Luft K F 1938
German Patent No 730478

OptoAcusticOptoAcustic detectiondetection
Lehrer Lehrer && Luft typLuft typ

LehrerLehrer E and Luft K F 1938E and Luft K F 1938
GermanGerman Patent No 730478Patent No 730478

An analytical model of the pneumatic non dispersive infrared detector
Daniel P Lucero: Journal of Physics E: Scientific Instruments, 1973; 6: 281 - 286

An analytical model of the pneumatic non An analytical model of the pneumatic non dispersivedispersive infrared detectorinfrared detector
Daniel P Lucero: Journal of Physics E: Scientific Instruments, 1Daniel P Lucero: Journal of Physics E: Scientific Instruments, 1973; 6: 281 973; 6: 281 -- 286286

- IR absorption
- pressure change
- membrane deformation
- acoustic signal

-- IR absorptionIR absorption
-- pressure changepressure change
-- membrane deformationmembrane deformation
-- acoustic signalacoustic signal

13CO2 ANALYSER WITH IR DETECTION1313COCO22 ANALYSER WITH IR DETECTIONANALYSER WITH IR DETECTION
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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 PgI/PgII ratio can never be 
assumed as a biomarker of gastric neoplasia.

Level of evidence: 2a Grade of recommendation: A

StatementStatement 9: The9: The availableavailable datadata consistently recogniseconsistently recognise pepsinogen (pepsinogen (PgPg))
serologyserology as the as the mostmost useful nonuseful non--invasiveinvasive test totest to exploreexplore thethe gastricgastric

mucosa statusmucosa status ((nonnon--atrophic vs atrophicatrophic vs atrophic). ). TheThe PgIPgI//PgII ratio can never be PgII ratio can never be 
assumedassumed as aas a biomarkerbiomarker ofof gastricgastric neoplasia.neoplasia.

LevelLevel of evidence: 2a Grade of recommendation: Aof evidence: 2a Grade of recommendation: A

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

StatementStatement 1:1: UBT is the mostUBT is the most investigatedinvestigated andand best recommendedbest recommended nonnon--
invasiveinvasive test in thetest in the contextcontext of a ‘testof a ‘test--andand--treat strategy’treat strategy’.. MonoclonalMonoclonal SATSAT can can 

also bealso be usedused.. SerologicalSerological teststests can be used only after validationcan be used only after validation. Rapid . Rapid 
(‘(‘office’office’)) serologyserology teststests using wholeusing whole bloodblood should be avoidedshould be avoided inin this regardthis regard..

LevelLevel of evidence: 2a Grade of recommendation: Bof evidence: 2a Grade of recommendation: B

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

Management ofManagement of Helicobacter pylori infectionHelicobacter pylori infection--the Maastricht V/Florencethe Maastricht V/Florence
ConsensusConsensus Report.Report.

MalfertheinerMalfertheiner P.P. et allet all. . -- TheThe European HelicobacterEuropean Helicobacter StudyStudy GroupGroup (EHSG)(EHSG)..
GutGut. 2017 Jan;. 2017 Jan; 6666 (1):(1): 66--3030

HELICOBACTER PYLORI GUIDELINESHELICOBACTER PYLORI GUIDELINESHELICOBACTER PYLORI GUIDELINES
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http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/


13C-UREA BREATH TEST FOR HELICOBACTER PYLORI1313CC--UREA BREATH TEST FOR HELICOBACTER PYLORIUREA BREATH TEST FOR HELICOBACTER PYLORI
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SUBSTRATE: 13C-UREA
DOSAGE: 50 - 100 mg
TEST TIME: 30 minutes

SUBSTRSUBSTRAATTEE: : 1313CC--UREAUREA
DDOSAGEOSAGE: 50 : 50 -- 100 mg100 mg
TESTTEST TIMETIME: 30 minut: 30 minuteses

NH2-13CO-NH2 + H2O = 2 NH3 + 13CO2NHNH22--1313CCOO--NHNH22 + H+ H22O = O = 2 NH2 NH33 + + 1313CCOO22

Hp - UREASEHpHp -- UREUREASEASE

RAPID
UREASE

TEST

RRAPIDAPID
UREUREASEASE

TESTTEST

BREATH
TEST

BREATHBREATH
TESTTEST

local test - biopsylolocacall test test -- biopsbiopsyy

global gastric testglobglobaal l gastric gastric testtest
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UBT - Hp INFAI 
registered in Czech - SÚKL

UBT UBT -- HpHp INFAI INFAI 
registregistered ered inin CzechCzech -- SÚKLSÚKL

13C-UBT test, substrate - 75mg of labeled urea
breath samples at T0 and T30 minutes DOB up to 4‰ Hp
negative, above 5‰ Hp positive,if the result is 4-5‰, we 

recommend repeating the test

1313CC--UBT test,UBT test, substratesubstrate -- 75mg75mg of labeled of labeled ureaurea
breath samples atbreath samples at TT00 andand TT3030 minutesminutes DOB DOB upup to 4‰to 4‰ HpHp
negative,negative, aboveabove 5‰5‰ HpHp positive,positive,if the result isif the result is 44--5‰,5‰, we we 

recommend repeating therecommend repeating the testtest

13C-UREA BREATH TEST FOR HELICOBACTER PYLORI1313CC--UREA BREATH TEST FOR HELICOBACTER PYLORIUREA BREATH TEST FOR HELICOBACTER PYLORI
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Hp - Hp + CLINICAL RESULTS:
NUMBER OF UBT TESTS: 1621x
NEGATIVE RESULT: 1254x
POSITIVE RESULT: 333 x
GRAY SCALE 4 - 5: 36 x

CLINICAL RESULTS:CLINICAL RESULTS:
NUMBER OF UBT TESTS: NUMBER OF UBT TESTS: 1621x1621x
NEGATIVE RESULT: NEGATIVE RESULT: 1254x1254x
POSITIVE RESULT: POSITIVE RESULT: 333 x333 x
GRAY SCALEGRAY SCALE 4 4 -- 5: 5: 36 x36 x

DETERMINATION OF HpSA IN FACES
(HELICOBACTER STOOL ANTIGEN)
NUMBER OF HpSA TESTS: 1931x
NEGATIVE RESULT: 1678 x
POSITIVE RESULT: 253 x

DETERMINATION OFDETERMINATION OF HpSAHpSA IN FACESIN FACES
(HELICOBACTER STOOL ANTIGEN)(HELICOBACTER STOOL ANTIGEN)
NUMBER OFNUMBER OF HpSAHpSA TESTS: TESTS: 1931x1931x
NEGATIVE RESULT: NEGATIVE RESULT: 1678 x1678 x
POSITIVE RESULT: POSITIVE RESULT: 253 x253 x

POPOSSITIVITITIVITYY –– 20.5%20.5%

POPOSSITIVITITIVITYY –– 13.1%13.1%

13C-UREA BREATH TEST FOR HELICOBACTER PYLORI1313CC--UREA BREATH TEST FOR HELICOBACTER PYLORIUREA BREATH TEST FOR HELICOBACTER PYLORI
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SUBSTRATE SELECTIONSUBSTRATE SELECTION

13C - BREATH TESTS FOR PANCREATIC FUNCTION13C - BREATH TESTS FOR PANCREATIC FUNCTION

13C - TRIOLEIN
13C - HIOLEIN
13C - MIXED

TRIGLYCERIDE
13C - CHOLESTERYL 

OCTANOATE
13C - TRIPALMITIN
13C - TRIOCTANOIN
13C - STARCH
13C - BzTyrAla

1313C C -- TRIOLEINTRIOLEIN
1313C C -- HIOLEINHIOLEIN
1313C C -- MIXEDMIXED

TRIGLYCERIDETRIGLYCERIDE
1313C C -- CHOLESTERYL CHOLESTERYL 

OCTANOATEOCTANOATE
1313C C -- TRIPALMITINTRIPALMITIN
1313C C -- TRIOCTANOINTRIOCTANOIN
1313C C -- STARCHSTARCH
1313CC -- BzTyrAlaBzTyrAla

STEATORHEA > 11 - 14 g/day
INTRALUMINAL LIPOLYSIS
SPECIFICITY FOR PANCREATIC LIPASE

LIPASE OUTPUT < 90 kU/hr
PANCREAT. CHOLESTEROL ESTERASE

STEATORHEA > 11 g/day
FAT MALABSORPTION
TISSUE DAMAGE, FIBROSIS > 30%
AMYLASE SECRETION < 10%
CORRELATION with the PABA test

STEATORHEA > 11 STEATORHEA > 11 -- 14 g/day14 g/day
INTRALUMINAL LIPOLYSISINTRALUMINAL LIPOLYSIS
SPECIFICITY FOR PANCREATIC LIPASESPECIFICITY FOR PANCREATIC LIPASE

LIPASE OUTPUT < 90 kU/hrLIPASE OUTPUT < 90 kU/hr
PANCREAT. CHOLESTEROL ESTERASEPANCREAT. CHOLESTEROL ESTERASE

STEATORHEA > 11 g/daySTEATORHEA > 11 g/day
FAT MALABSORPTIONFAT MALABSORPTION
TISSUE DAMAGE, FIBROSIS > 30%TISSUE DAMAGE, FIBROSIS > 30%
AMYLASE SECRETION < 10%AMYLASE SECRETION < 10%
CORRELATION with the PABA testCORRELATION with the PABA test
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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)

ShouldShould aa pancreatic functionpancreatic function testtest be performed atbe performed at thethe timetime ofof diagnosisdiagnosis??
StatementStatement 33--88.. Every patient withEvery patient with aa new diagnosisnew diagnosis of CPof CP
should be screenedshould be screened for PEI. (Grade 1A,for PEI. (Grade 1A, strong agreementstrong agreement))

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)

Which test isWhich test is clinically indicated clinically indicated 
forfor diagnosing exocrine pancreatic insufficiencydiagnosing exocrine pancreatic insufficiency (PEI) ?(PEI) ?

StatementStatement 33--66.. In aIn a clinical settingclinical setting,, aa nonnon--invasive pancreatic functioninvasive pancreatic function test test 
(PFT)(PFT) should be performedshould be performed.. TheThe FEFE--1 test 1 test isis feasiblefeasible andand widely availablewidely available and and 

isis thereforetherefore mostmost frequently usedfrequently used inin this settingthis setting,, whilewhile the the 13C13C mixed triglyceridemixed triglyceride
breathbreath test (13Ctest (13C--MTGMTG--BT)BT) offersoffers anan alternativealternative. The s. The s--MRCP testMRCP test may also be may also be 

usedused as anas an indicatorindicator of PEIof PEI but provides only semiquantitativebut provides only semiquantitative data. data. 
(Grade 1B,(Grade 1B, agreementagreement))

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

and therapy of chronic pancreatitis (HaPanEU)

LöhrLöhr M. M. -- HaPanEUHaPanEU/UEG Working Group/UEG Working Group, , UEG Journal, 2017, Vol. 5(2) 153UEG Journal, 2017, Vol. 5(2) 153––199199
United EuropeanUnited European GastroenterologyGastroenterology evidence based guidelines for the diagnosis evidence based guidelines for the diagnosis 

and therapyand therapy of chronic of chronic pancreatitispancreatitis ((HaPanEUHaPanEU))

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)

Is aIs a pancreatic functionpancreatic function testtest requiredrequired for thefor the diagnosisdiagnosis of CP?of CP?
StatementStatement 33--77.. AA functionfunction test istest is requiredrequired for thefor the diagnosisdiagnosis of CP.of CP.

(Grade 2B,(Grade 2B, strong agreementstrong agreement))

EXOCRINE PANCREAS INSUFFICIENCY GUIDELINESEXOCRINE PANCREAS INSUFFICIENCY GUIDELINESEXOCRINE PANCREAS INSUFFICIENCY GUIDELINES
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CH2 - O - C - (CH2)16 - CH3CH2 - O - C - (CH2)16 - CH3

OO

CH - O - 13C - (CH2)6 - CH3CH - O - 13C - (CH2)6 - CH3

OO

CH2 - O - C - (CH2)16 - CH3CH2 - O - C - (CH2)16 - CH3

OO

PANCREATIC LIPASEPANPANCCREATIC REATIC LIPASELIPASE

1,3 DI - STEAROYL1,3 DI 1,3 DI -- STEAROYLSTEAROYL

2 - (13C) - OCTANOYL2 2 -- ((1313C) C) -- OCTANOYLOCTANOYL

HEPATAL β - OXIDATIONHEPATALHEPATAL ββ -- OXIDAOXIDATIONTION

BREATH 13CO2BREATHBREATH 1313COCO22

METABOLIC PROCESSES FOR 13C-MTG BREATH TESTMETABOLIC PROCESSES FOR 13C-MTG BREATH TEST
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13C-MTG test - in our arrangement we serve
100 g of gluten-free bread with 

250 mg of mixed triglyceride in 20 g of margarine
breath samples at time T0 to T360 minutes after 60 minutes

cPDR6h pathological below 30% (BMR)

1313CC--MTGMTG testtest -- in our arrangement we servein our arrangement we serve
100 g of gluten100 g of gluten--free bread with free bread with 

250 mg of mixed triglyceride in 20 g of margarine250 mg of mixed triglyceride in 20 g of margarine
breath samples at time Tbreath samples at time T00 to Tto T360360 minutes after 60 minutesminutes after 60 minutes

cPDRcPDR6h6h pathological below 30% (BMR)pathological below 30% (BMR)

13C-MTG BREATH TEST FOR EXOCRINE PANCREATIC FUNCTION1313CC--MTG MTG BREATH TEST FOR EXOCRINE PANCREATIC FUNCTIONBREATH TEST FOR EXOCRINE PANCREATIC FUNCTION
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CLINICAL RESULTS:
NUMBER OF MTG TESTS: 407 x

NORMAL VALUE: 365 x
PATHOLOGICAL VALUE: 41 x

CLINICAL RESULTS:CLINICAL RESULTS:
NUMBER OF MTG TESTS: 407 xNUMBER OF MTG TESTS: 407 x

NORMAL VALUE: 365 xNORMAL VALUE: 365 x
PATHOLOGICAL VALUE: 41 xPATHOLOGICAL VALUE: 41 x

DETERMINATION OF PANCREATIC 
ELASTASE-1 IN FACES (FELA)

COMPLIANCE OF 13C-MTG TEST WITH 
FELA 327 x - MATCH is 83%

DETERMINATION OF PANCREATIC DETERMINATION OF PANCREATIC 
ELASTASEELASTASE--1 IN FACES (FELA)1 IN FACES (FELA)

COMPLIANCE OF COMPLIANCE OF 1313CC--MTG TEST WITH MTG TEST WITH 
FELA 327 x FELA 327 x -- MATCH is 83%MATCH is 83%

We recommend the determination of elastase-1 in the stool as
a suitable static marker to assess the capacity of the exocrine
pancreas, we suggest the 13C-MTG breath test as a dynamic, 

functional test to assess the complex, digestive effect.

We recommend the determination of elastaseWe recommend the determination of elastase--1 in the stool as1 in the stool as
a suitable static marker to assess the capacity of the exocrinea suitable static marker to assess the capacity of the exocrine
pancreas, we suggest thepancreas, we suggest the 1313CC--MTG breath test as a dynamic, MTG breath test as a dynamic, 

functional test to assess the complex, digestive effect.functional test to assess the complex, digestive effect.

13C-MTG BREATH TEST FOR EXOCRINE PANCREATIC FUNCTION1313CC--MTG MTG BREATH TEST FOR EXOCRINE PANCREATIC FUNCTIONBREATH TEST FOR EXOCRINE PANCREATIC FUNCTION
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13C - GALACTOSE
CYTOSOL, PHOSPHORYLATION, DG.CIRRHOSIS

13C - AMINOPYRINE
CYP2C19, DEMETHYLATION, SEVERITY OF HCV FIBROSIS

13C - PHENYLALANINE
CYTOSOL, OXIDATION, FUNCTIONAL RESERVE ASSESSMENT

13C - METHIONINE
MITOCHONDRIA, OXIDATION, NAFLD ASSESSMENT

13C - METHACETIN
CYP1A2, DEMETHYLATION, LIVER DISEASE ASSESSMENT

1313C C -- GALACTOSEGALACTOSE
CYTOSOL, PHOSPHORYLATION, CYTOSOL, PHOSPHORYLATION, DG.CIRRHOSISDG.CIRRHOSIS

1313C C -- AMINOPYRINEAMINOPYRINE
CYP2C19, DEMETHYLATION, CYP2C19, DEMETHYLATION, SEVERITY OF HCV FIBROSISSEVERITY OF HCV FIBROSIS

1313C C -- PHENYLALANINEPHENYLALANINE
CYTOSOL, OXIDATION, CYTOSOL, OXIDATION, FUNCTIONAL RESERVE ASSESSMENTFUNCTIONAL RESERVE ASSESSMENT

1313C C -- METHIONINEMETHIONINE
MITOCHONDRIA, OXIDATION, MITOCHONDRIA, OXIDATION, NAFLD ASSESSMENTNAFLD ASSESSMENT

1313C C -- METHACETINMETHACETIN
CYP1A2, DEMETHYLATION, CYP1A2, DEMETHYLATION, LIVER DISEASE ASSESSMENTLIVER DISEASE ASSESSMENT

13C - BREATH TESTS FOR LIVER FUNCTIONS13C - BREATH TESTS FOR LIVER FUNCTIONS

Potential use of metabolic breath tests to assess liver disease and prognosis: 
has the time arrived for routine use in the clinic?

Stravitz RT, Ilan Y. Liver Int. 2016 Oct 8. doi: 10.1111/liv.13268. [Epub]

PotentialPotential use ofuse of metabolic breathmetabolic breath tests totests to assess liver diseaseassess liver disease andand prognosisprognosis: : 
has thehas the time arrivedtime arrived forfor routineroutine use in theuse in the clinicclinic??

StravitzStravitz RT,RT, IlanIlan Y.Y. Liver IntLiver Int. 2016. 2016 OctOct 8.8. doidoi: 10.1111/: 10.1111/livliv.13268. [.13268. [EpubEpub]]

SUBSTRATE SELECTIONSUBSTRATE SELECTION
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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., 
AASLD Liver Meeting,  San Francisco, November 2018, Abstract  No.1337

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

ChalasaniChalasani N, N, LawitzLawitz E, E, AbdelmalekAbdelmalek M. et al., M. et al., 
AASLD Liver Meeting,  San Francisco, November 2018, Abstract  NoAASLD Liver Meeting,  San Francisco, November 2018, Abstract  No.1337.13372525

BREATH TEST WITH 13C - METHACETINBREATH TEST WITH 13C - METHACETIN

Exalenz BreathID POCT analyzer
continuous detection of the 13C/12C ratio
Molecular Correlation Spectroscopy (MCS)
Clinical studies 2016-2019 with 13C-methacetin
Non-alcoholic hepatitis (NASH, NAFLD),
risk of cirrhosis in liver transplants

Exalenz BreathID POCT analyzerExalenz BreathID POCT analyzer
continuous detection of the continuous detection of the 1313C/C/1212C ratioC ratio
Molecular Correlation Spectroscopy (MCS)Molecular Correlation Spectroscopy (MCS)
Clinical studies 2016Clinical studies 2016--2019 with 2019 with 1313CC--methacetinmethacetin
NonNon--alcoholic hepatitis (NASH, NAFLD),alcoholic hepatitis (NASH, NAFLD),
risk of cirrhosis in liver transplantsrisk of cirrhosis in liver transplants

13C Methacenin - MBT analyzing liver function,
can reliably predict liver decompensation

in patients with compensated NASH cirrhosis.

1313CC Methacenin Methacenin -- MBT analyzing liver function,MBT analyzing liver function,
can reliably predict liver decompensationcan reliably predict liver decompensation

in patients with compensated NASH cirrhosis.in patients with compensated NASH cirrhosis.
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Enzymatic liver function capacity correlates with disease severity of patients 
with liver cirrhosis: a study with the LiMAx test.

Malinowski M, Jara M, Lüttgert K. et al. Dig Dis Sci. 2014 Dec;59(12):2983-2991

Enzymatic liver function capacity correlates with disease severiEnzymatic liver function capacity correlates with disease severityty ofof patients patients 
with liver cirrhosiswith liver cirrhosis: a study: a study withwith thethe LiMAxLiMAx test.test.

MalinowskiMalinowski M, Jara M,M, Jara M, LüttgertLüttgert K.K. et alet al.. DigDig DisDis SciSci. 2014. 2014 DecDec;59(12):2983;59(12):2983--299129912626

LiMAx μg/kg/hrLiMAxLiMAx μμg/kg/g/kg/hrhr
13C Methacenin - LiMAx

Child-Pugh score correlation
1313CC MethaceninMethacenin -- LiMAxLiMAx

ChildChild--Pugh score correlationPugh score correlation

BREATH TEST WITH 13C - METHACETINBREATH TEST WITH 13C - METHACETIN
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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

First intraoperative measurementFirst intraoperative measurement ofof liver functional capacity during liver liver functional capacity during liver 
surgery usingsurgery using the 13 Cthe 13 C--methacetin breathmethacetin breath test:test: early resultsearly results of a pilot study.of a pilot study.
MakridisMakridis G,G, OldhaferOldhafer KJ. JKJ. J Hepatobiliary Pancreat SciHepatobiliary Pancreat Sci. 2020; 27(5): 280. 2020; 27(5): 280--281281

Assessment of liver functionAssessment of liver function
in real timein real time

2mg/kg 2mg/kg 1313CC--methacetin i.vmethacetin i.v
LiMAx score in mg/kg/hrLiMAx score in mg/kg/hr

10 patients with liver resection10 patients with liver resection

BREATH TEST WITH 13C - METHACETINBREATH TEST WITH 13C - METHACETIN
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13C-GLUCOSE  BREATH TEST1313CC--GLUCOSE  BREATH TESTGLUCOSE  BREATH TEST

Insulin sensitivity index (ISI0, 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

Insulin sensitivity index (ISI0, 120)Insulin sensitivity index (ISI0, 120) potentially linkedpotentially linked toto carbon isotopescarbon isotopes ofof
breathbreath CO2 forCO2 for prepre--diabetes and type 2 diabetes.diabetes and type 2 diabetes. GhoshGhosh C,C, MukhopadhyayMukhopadhyay P,P,

GhoshGhosh S,S, PradhanPradhan M.M. Sci RepSci Rep. 2015; 5: e11959. 2015; 5: e11959

Assessment of insulin resistanceAssessment of insulin resistance
Dg. preDg. pre--diabetes and type 2 diabetesdiabetes and type 2 diabetes

Insulin sensitivity indexInsulin sensitivity index
Patients: 31 NDC, 38 PD and 47 T2DPatients: 31 NDC, 38 PD and 47 T2D

75mg 75mg 1313CC66 DD--glucose (glucose (1313CC--GBT)GBT)
ISIISI120120 is more sensitive than HOMAis more sensitive than HOMA--IRIR
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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

InvestigationInvestigation ofof MetabolismMetabolism ofof Exogenous Glucose atExogenous Glucose at thethe Early StageEarly Stage andand Onset Onset 
of Diabetesof Diabetes MellitusMellitus inin Otsuka LongOtsuka Long--Evans Tokushima Fatty Rats Using Evans Tokushima Fatty Rats Using 

[1, 2, 3[1, 2, 3--13C]13C]Glucose BreathGlucose Breath Tests.Tests. KawagoeKawagoe N,N, KanoKano O,O, KijimaKijima S,S, TanakaTanaka H, H, 
TakayanagiTakayanagi M,M, UritaUrita Y.Y. PLoS OnePLoS One. 2016; 11(8): e0160177. 2016; 11(8): e01601772929

13C-GLUCOSE  BREATH TEST1313CC--GLUCOSE  BREATH TESTGLUCOSE  BREATH TEST
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Isomark Canary™ - BDV > 1.4% accurately differentiates subjects with emerging infections 
and predicts the presence of infection up to 48 hours before clinical confirmation. BDV can 
predict the onset of infection and help distinguish SIRS from infection, which could prompt 

earlier diagnosis, earlier appropriate treatment, and improve outcomes.

Isomark Canary™ Isomark Canary™ -- BDV BDV >> 1.4% accurately differentiates subjects with emerging infection1.4% accurately differentiates subjects with emerging infections s 
and predicts the presence of infection up to 48 hours before cliand predicts the presence of infection up to 48 hours before clinical confirmation. BDV can nical confirmation. BDV can 
predict the onset of infection and help distinguish SIRS from inpredict the onset of infection and help distinguish SIRS from infection, which could prompt fection, which could prompt 

earlier diagnosis, earlier appropriate treatment, and improve ouearlier diagnosis, earlier appropriate treatment, and improve outcomes.tcomes.

3030

Changes in exhaled 13CO2/12CO2 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, Bütz DE. J Trauma Acute Care Surg. 2019 Jan;86(1):71-78.

ChangesChanges inin exhaledexhaled 13CO2/12CO213CO2/12CO2 breathbreath deltadelta valuevalue as anas an early indicatorearly indicator ofof infection infection 
inin intensiveintensive care unitcare unit patientspatients.. O'RourkeO'Rourke AP,AP, BuckmanBuckman SA,SA, EvansEvans DC,DC, KerwinKerwin AJ,AJ,

BreunigBreunig EA,EA, BützBütz DE.DE. J TraumaJ Trauma AcuteAcute CareCare SurgSurg. 2019 Jan;86(1):71. 2019 Jan;86(1):71--78.78.

13C- BREATH TEST IN ACUTE MEDICINE1313CC-- BREATH TEST IN ACUTE MEDICINEBREATH TEST IN ACUTE MEDICINE
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13C-EBT - BREATH TEST FOR ALCOHOL BREAKDOWN1313CC--EBT EBT -- BREATH TEST FOR ALCOHOL BREAKDOWNBREATH TEST FOR ALCOHOL BREAKDOWN

Evaluation of alcohol metabolism in humans using the non-invasive [13C]-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.

Evaluation ofEvaluation of alcohol metabolismalcohol metabolism inin humans usinghumans using thethe nonnon--invasiveinvasive [13C][13C]--ethanolethanol
breathbreath test test –– influenceinfluence ofof gendergender,, Helicobacter pylori infectionHelicobacter pylori infection andand polymorphismpolymorphism
ofof alcoholalcohol--oxidizing enzymesoxidizing enzymes. . SuzukiSuzuki M,M, TanakaTanaka S,S, KomatsuKomatsu H,H, et alet al.  .  Alimentary Alimentary 

PharmacologyPharmacology && TherapeuticsTherapeutics 2006; 2: 1772006; 2: 177--181.181.

1313CC--EBT EBT -- 1313C Ethanol Breath TestC Ethanol Breath Test
the test substrate isthe test substrate is
100 ml of 100 ml of 1313CC--ethanolethanol

in 100 ml of Asahi beerin 100 ml of Asahi beer
polymorphism was testedpolymorphism was tested

alcohol dehydrogenase (ADH) aalcohol dehydrogenase (ADH) a
aldehyde dehydrogenase (ALDH)aldehyde dehydrogenase (ALDH)
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BreathBreath test                                                           test                                                           IndiIndiccaationtion SenSenssitivititivityy SpecificitSpecificityy
13C-Glykocholate SIBOSIBO 76%76% 35%35%
13C-Xylose SIBOSIBO 89%89% 30%30%
13C-Lactose MalabsorpMalabsorptiontion 84%84% 96%96%
13C-Urea HpHp infecinfectiontion 96%96% 93%93%
13C-Aminopyrin LiverLiver testtest 86%86% 68%68%
13C-Metacetin LiverLiver testtest 93%93% 94%94%
13C-Fenylalanin LiverLiver testtest 98%98% 60%60%
13C-Mixed-triglyceride PanPanccreatreat..insufinsuffficienciciencyy 89%89% 81%81%
13C-Oktanoate Gastric emptyingGastric emptying 67%67% 80%80%

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

Update on diagnostic value of breath test in gastrointestinal anUpdate on diagnostic value of breath test in gastrointestinal and liver diseases.d liver diseases.
SiddiquiSiddiqui I, Ahmed S, I, Ahmed S, AbidAbid S. S. 

World J World J Gastrointest PathophysiolGastrointest Pathophysiol. 2016 Aug 15;7(3):256. 2016 Aug 15;7(3):256--265265
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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.

13C13C--enriched lactoseenriched lactose,, derived from milkderived from milk ofof cows fed withcows fed with silosilo corncorn (d= (d= --10.885) for 510.885) for 5 weeksweeks..
Because itBecause it isis knownknown thatthat it takesit takes 1414 daysdays forfor cows milkcows milk toto bebe inin equilibrium withequilibrium with a diet,a diet,

milkmilk ofof seven cows was collected duringseven cows was collected during thethe lastlast 33 weeksweeks ofof thisthis 55--weekweek period andperiod and pooledpooled..
Lactose was obtainedLactose was obtained byby crystallization techniquescrystallization techniques..

NATURAL SUBSTRATES WITH 13C FOR BREATH TESTSNATURALNATURAL SUBSTRSUBSTRATES WITHATES WITH 1313C C FOR BREATHFOR BREATH TESTTESTSS
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C4 plantsCC4 plants4 plants 13C-lactose1313CC--lactoselactose
maizemaizemaize

13C-starch1313CC--starchstarch

milkmilkmilk

crystalization
Of lactose

crystalizationcrystalization
Of lactoseOf lactose
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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.

JJ Gastroenterol HepatolGastroenterol Hepatol. 2005. 2005 AugAug; 20(8): 1228 ; 20(8): 1228 -- 12341234
FeasibilityFeasibility of aof a breathbreath testtest withwith aa substratesubstrate ofof naturalnatural 13C13C--abundanceabundance and isotopeand isotope--selective selective 

nonnon--dispersive infrared spectrometrydispersive infrared spectrometry: a: a preliminarypreliminary study.study.
JonderkoJonderko K,K, KasickaKasicka--JonderkoJonderko A,A, SyrkiewiczSyrkiewicz--TrepiakTrepiak D,D, BlonskaBlonska--FajfrowskaFajfrowska B.B.

NaturallyNaturally (13)C(13)C--enriched starchenriched starch and NDIRSand NDIRS provides backgroundprovides background forfor future researchfuture research on on 
thethe clinical usefulnessclinical usefulness ofof this methodthis method for afor a nonnon--invasive assessment invasive assessment 

of theof the pancreatic exocrine functionpancreatic exocrine function..

J Lab Clin Med. 1988 Aug; 112(2): 193 - 200 
13CO2 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 13CO2 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. 

JJ LabLab Clin Med. 1988Clin Med. 1988 AugAug; 112(2): 193 ; 112(2): 193 -- 200 200 
13CO213CO2 breathbreath testtest using naturallyusing naturally 13C13C--enriched lactoseenriched lactose forfor detectiondetection ofof lactase deficiency lactase deficiency 

inin patients with gastrointestinal symptomspatients with gastrointestinal symptoms..
HieleHiele M,M, GhoosGhoos Y,Y, RutgeertsRutgeerts P,P, VantrappenVantrappen G,G, CarchonCarchon H,H, EggermontEggermont E. E. 

The 13CO2The 13CO2 breathbreath testtest was foundwas found toto bebe more sensitive (0.84 versus 0.68) and moremore sensitive (0.84 versus 0.68) and more specific specific 
(0.96 versus 0.89)(0.96 versus 0.89) thanthan the H2the H2 breathbreath test intest in detecting low jejunal lactase activitydetecting low jejunal lactase activity. . 

The American Society for Nutritional Sciences J. Nutr. 134: 1193 - 1196, May 2004
A Combined 13CO2/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 13CO2/H2 breath test can be used to estimate digestion and fermentation of starches 
in different physiologic and pathologic conditions. 

TheThe AmericanAmerican Society forSociety for Nutritional SciencesNutritional Sciences J.J. NutrNutr. 134: 1193 . 134: 1193 -- 1196, May 20041196, May 2004
AA CombinedCombined 13CO2/H213CO2/H2 BreathBreath TestTest Can Be UsedCan Be Used toto Assess Starch Digestion Assess Starch Digestion 

andand FermentationFermentation inin Humans Humans 
ErinErin L.L. SymondsSymonds,, Stamatiki KritasStamatiki Kritas,, TaherTaher I.I. OmariOmari andand RossRoss N.N. Butler Butler 

The 13CO2/H2The 13CO2/H2 breathbreath testtest can be usedcan be used toto estimate digestionestimate digestion andand fermentationfermentation ofof starches starches 
inin different physiologicdifferent physiologic andand pathologic conditionspathologic conditions. . 3344

NATURAL SUBSTRATES WITH 13C FOR BREATH TESTSNATURALNATURAL SUBSTRSUBSTRATES WITHATES WITH 1313C C FOR BREATHFOR BREATH TESTTESTSS
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13C BREATH TESTS GUIDELINES - UEG1313C BREATH TESTSC BREATH TESTS GUIDELINESGUIDELINES -- UEGUEG

European guideline 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

European guideline on indications, performance and clinical impaEuropean guideline on indications, performance and clinical impact ofct of
13C13C--breath tests in adult and pediatric patients: An EAGEN, ESNM, anbreath tests in adult and pediatric patients: An EAGEN, ESNM, and d 

ESPGHAN consensus, supported by EPC. Keller J, Hammer HF, ESPGHAN consensus, supported by EPC. Keller J, Hammer HF, 
AfolabiAfolabi PR et al. United European PR et al. United European GastroenterolGastroenterol J. 2021; 9: 598J. 2021; 9: 598––625625

This recommendation should improve pan-European 
harmonization of diagnostic approaches to symptoms and 

disorders that are very common in gastroenterology practice, both 
by specialists and primary care in both adult and pediatric patients.

In addition, this guide identifies areas for future clinical research 
involving the use of 13C breath tests

This recommendation should improve panThis recommendation should improve pan--European European 
harmonization of diagnostic approaches to symptoms and harmonization of diagnostic approaches to symptoms and 

disorders that are very common in gastroenterology practice, botdisorders that are very common in gastroenterology practice, both h 
by specialists and primary care in both adult and pediatric patiby specialists and primary care in both adult and pediatric patients.ents.

In addition, this guide identifies areas for future clinical resIn addition, this guide identifies areas for future clinical research earch 
involving the use of involving the use of 1313C breath testsC breath tests

1313CC--UBT UreaUBT Urea BreathBreath TestTest
1313C GEBTC GEBT Gastric Emptying BreathGastric Emptying Breath TestsTests

1313C PFBTC PFBT Pancreatic Function BreathPancreatic Function Breath TestsTests
1313C MTGBTC MTGBT Mixed Triglyceride BreathMixed Triglyceride Breath TestTest

1313C LFBTC LFBT Liver Function BreathLiver Function Breath TestsTests
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13C BREATH TESTS IN OTHER FIELDS OF MEDICINE1313C C BREATH TESTS IN OTHER FIELDS OF MEDICINEBREATH TESTS IN OTHER FIELDS OF MEDICINE

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

Our results suggestOur results suggest that the 13Cthat the 13C--TBTTBT could becould be a novela novel biomarkerbiomarker forfor detectingdetecting
aa subgroupsubgroup of MDDof MDD with increased tryptophanwith increased tryptophan––KYNKYN metabolismmetabolism..

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

CD doses for PD patients.

The LDThe LD--breathbreath testtest can becan be aa useful noninvasive diagnostic tooluseful noninvasive diagnostic tool forfor evaluationevaluation ofof
AADC enzymeAADC enzyme activity usingactivity using thethe biomarkerbiomarker 13CO2 in13CO2 in breathbreath, a, a firstfirst step instep in personalizingpersonalizing

CDCD dosesdoses for PDfor PD patientspatients..

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

Our results suggestOur results suggest that 13Cthat 13C--PBT is a novelPBT is a novel laboratorylaboratory test thattest that can detect altered can detect altered 
phenylalanine kineticsphenylalanine kinetics inin chronic schizophrenia patientschronic schizophrenia patients..

3636

(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.

(13)C(13)C--tryptophan breathtryptophan breath testtest detects increased catabolic turnoverdetects increased catabolic turnover ofof tryptophan along tryptophan along 
thethe kynurenine pathwaykynurenine pathway inin patients withpatients with majormajor depressive disorderdepressive disorder..
TeraishiTeraishi T,T, HoriHori H,H, SasayamaSasayama D.D. et alet al..Sci RepSci Rep. 2015 Nov 3;5:15994.. 2015 Nov 3;5:15994.

A rapid non invasive L-DOPA-¹³C 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.

A rapidA rapid non invasivenon invasive LL--DOPADOPA--¹³C¹³C breathbreath test fortest for optimally suppressing extracerebraloptimally suppressing extracerebral
AADC enzymeAADC enzyme activityactivity -- toward individualizing carbidopa therapytoward individualizing carbidopa therapy inin Parkinson’s diseaseParkinson’s disease..

ModakModak A,A, DursoDurso R,R, JosephsJosephs E.E. et alet al. J. J ParkinsonsParkinsons Dis. 2012;2(4):349Dis. 2012;2(4):349--56.56.

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

13C13C--phenylalanine breathphenylalanine breath testtest detects altered phenylalanine kineticsdetects altered phenylalanine kinetics inin schizophrenia schizophrenia 
patientspatients.. TeraishiTeraishi T,T, OzekiOzeki Y,Y, HoriHori H.H. et alet al.. TranslTransl Psychiatry. 2012 May 22;2:e119Psychiatry. 2012 May 22;2:e119
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HYDROGEN HAND ANALYZERSHYDROGEN HAND ANALYZERSHYDROGEN HAND ANALYZERS

LactoFAN, FANLactoFANLactoFAN, , FANFAN

H2 Check, MD DiagnosticsH2H2 CheckCheck, , MDMD DiagnosticsDiagnostics

Gastrolyzer, BedfontGastrolyzerGastrolyzer,, BedfontBedfont



H2 ANALYZERS ARE ESTABLISHED
ON THE ELECTROCHEMICAL HYDROGEN DETECTOR

AMPEROMETRIC (MICRO-FUEL))

HH22 ANALYZERS ARE ESTABLISHEDANALYZERS ARE ESTABLISHED
ON THE ELECTROCHEMICAL HYDROGEN DETECTORON THE ELECTROCHEMICAL HYDROGEN DETECTOR

AMPEROMETRIC (MICROAMPEROMETRIC (MICRO--FUEL))FUEL))
3838

GASGAS WORKINGWORKING
ELECTRODEELECTRODE

REFERENCEREFERENCE
ELECTRODEELECTRODE

DISPLAYDISPLAY

MICROAMPMICROAMP
COUNTERCOUNTER

HYDROFOBICHYDROFOBIC
MEMBRANEMEMBRANE

ELECTROLYTEELECTROLYTE

COUNTERCOUNTER
ELEKTRODEELEKTRODE
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WHY IS JUST HYDROGEN ANALYSIS NOT SUFFICIENT?WHY IS JUST HYDROGEN ANALYSIS NOT SUFFICIENT?WHY IS JUST HYDROGEN ANALYSIS NOT SUFFICIENT?

Plyny v trávicím traktu, Lukáš K.
Čes a Slov Gastroent a Hepatol 2009; 63(1): 20-24

Plyny v trávicím traktu, Lukáš K.Plyny v trávicím traktu, Lukáš K.
ČesČes a Slova Slov GastroentGastroent aa HepatolHepatol 2009; 63(1): 202009; 63(1): 20--2424

GasGas AmountAmount
Hydrogen HH22 0 0 -- 86%86%
Methane CHCH44 0 0 -- 56%56%
Carbon dioxide COCO22 3 3 -- 54%54%
Nitrogen NN22 11 11 -- 92%92%
Oxygen OO22 0 0 -- 11%11%

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

Role ofRole of hydrogenhydrogen and methaneand methane breathbreath testing intesting in gastrointestinal diseasesgastrointestinal diseases
Di StefanoDi Stefano M.,M., CorazzaCorazza GR.GR. DigDig. . Liver Disease SupplLiver Disease Suppl..3 (2009) 403 (2009) 40––4343

Methane is  produced by 24 - 48% populationMethaneMethane is  producedis  produced by 24 by 24 -- 48%48% populationpopulation
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HOW BOWEL BACTERIA GENERATE GASES?HOW BOWEL BACTERIA GENERATE GASES?HOW BOWEL BACTERIA GENERATE GASES?

HH22 HH22

COCO22

metanmetanergicergic babaccteriteriaa

4H4H22 + CO+ CO22 CHCH44 + 2H+ 2H22OO

sulfsulfaat t redureducingcing babaccteriteriaa

4H4H22 + SO+ SO44
22-- HH22SS-- + 4H+ 4H22OO

acetogenacetogenicic babaccteriteriaa

4H4H22 + 2CO+ 2CO22 CHCH33COOH + 2HCOOH + 2H22OO
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INSPIREINSPIRE EXSPIREEXSPIRE

CO2 = 0,04 %COCO22 = 0,04 %= 0,04 %

CO2 = 5,20 %COCO22 = 5,20 %= 5,20 %

CO2 ÷  2,5 - 3,5 %COCO22 ÷  2,5 ÷  2,5 -- 3,5 %3,5 %

WHY IS ANOTHER, THIRD ANALYST NEEDED?WHY IS ANOTHER, THIRD ANALYST NEEDED?WHY IS ANOTHER, THIRD ANALYST NEEDED?

INSPIREINSPIRE--EXSPIREEXSPIRE -- NO NO HOLDING ONE'S BREATH LOWLOW CONC.COCONC.CO22

INSPIREINSPIRE--HOLD ONE'S BREATH SHORTLY -- SHORT EXSPIRESHORT EXSPIRE LOW LOW CONC.COCONC.CO22

INSPIREINSPIRE--HOLD ONE'S BREATH FOR 10 S -- LONGLONG EXSPIREEXSPIRE CONC.COCONC.CO22 IS OKIS OK
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If the alveolar air sample is contaminated

with room air, the concentration of CO2 in the sample will decrease, 

as will the other measured gases in the sample - H2 and CH4

If the alveolar air sample is contaminatedIf the alveolar air sample is contaminated

with room airwith room air,, the concentration ofthe concentration of COCO22 in the sample will decreasein the sample will decrease, , 

asas will the other measured gases in the samplewill the other measured gases in the sample -- HH22 andand CHCH44

Correction factor set according to CO2 concentration

minimizes errors caused by incorrect sampling

Correction factorCorrection factor setset accordingaccording to COto CO22 concentrationconcentration

minimizes errors causedminimizes errors caused byby incorrect samplingincorrect sampling

Correction factor = alveolar CO2 concentration / sample CO2 concentrationCorrection factor = alveolar COCorrection factor = alveolar CO22 concentration / sample COconcentration / sample CO22 concentrationconcentration

WHY IS ANOTHER, THIRD ANALYST NEEDED?WHY IS ANOTHER, THIRD ANALYST NEEDED?WHY IS ANOTHER, THIRD ANALYST NEEDED?
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ALVEOLAR CO2 CONCENTRATIONALVEOLALVEOLAAR COR CO22 COCONCENTRANCENTRATIONTION

CO2 is the physiological regulator of breathing, and the alveolar pressure
pCO2 is constant - 40 mm Hg (torr). Therefore, CO2 is the most reliable

"normalizer" of the measured gases in the sample.

COCO22 is the physiological regulator of breathingis the physiological regulator of breathing,, and the alveolar pressureand the alveolar pressure
pCOpCO22 is constantis constant -- 40 mm40 mm HgHg (torr).(torr). ThereforeTherefore, CO, CO22 is theis the mostmost reliablereliable

""normalizernormalizer"" of the measured gases in the sampleof the measured gases in the sample..

Foreign studies show that the use of an alveolar 
concentration of 5.5% is suitable for calculating the correction factor

Foreign studies show that the use of an alveolar Foreign studies show that the use of an alveolar 
concentration of 5.5% is suitable for calculating the correctionconcentration of 5.5% is suitable for calculating the correction factorfactor

Alveolar pCO2 is constant - 40 mm Hg. The percentage of CO2

in alveolar air is affected by barometric pressure. 
Alveolar air with a pCO2 of 40 mm Hg, 

at sea level, will have a CO2 concentration of about 5.5% 
while alveolar air in, say, Denver will have CO2 of 6.8%

(1610 m.a.s.l., barometric pressure is 625 torr)

AlveolarAlveolar pCOpCO22 is constantis constant -- 40 mm40 mm HgHg.. The percentage ofThe percentage of COCO22

in alveolar air is affectedin alveolar air is affected byby barometric pressurebarometric pressure. . 
Alveolar air withAlveolar air with a pCOa pCO22 ofof 40 mm40 mm HgHg, , 

at sea levelat sea level,, will havewill have a COa CO22 concentration of aboutconcentration of about 5.5% 5.5% 
while alveolar air inwhile alveolar air in,, saysay, Denver, Denver will havewill have COCO22 ofof 6.8%6.8%

(1610 m.a.s.l.,(1610 m.a.s.l., barometric pressure isbarometric pressure is 625 torr)625 torr)
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SAMPLING BAGSAMPLING BAGSAMPLING BAG

ABSORBER
water and CO2

ABSORBERABSORBER
water andwater and COCO22

HYDROGEN / METHANE - LACTOTEST-202 XTENDHYDROGEN / METHANEHYDROGEN / METHANE -- LACTOTESTLACTOTEST--202 XTEND202 XTEND
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Breath test for SIBO, 75g glucose,
Breath samples are taken every 15 minutes for 3 hours

Breath test for lactose/fructose intolerance
20g lactose / 25g fructose

Breath samples are taken every 15 minutes for 4 hours
Test positivity – H2/CH4 rise of 10ppm against basal value

BreathBreath test for SIBO, 75gtest for SIBO, 75g glucoseglucose,,
Breath samplesBreath samples areare taken everytaken every 1515 minutesminutes for 3for 3 hourshours

BreathBreath test fortest for lactoselactose//fructosefructose intoleranceintolerance
20g20g lactoselactose // 25g25g fructosefructose

Breath samplesBreath samples areare taken everytaken every 1515 minutesminutes for 4for 4 hourshours
Test positivity Test positivity –– HH22/CH/CH44 rise ofrise of 10ppm10ppm against basal valueagainst basal value

CLINICAL RESULTS:
NUMBER OF BREATH TESTS: 2300 x
SUSPECTED SIBO 80.4% of tests

SUSPECTED MALABSORPTION 19.6% of tests 

CLINICAL RESULTS:CLINICAL RESULTS:
NUMBER OF BREATH TESTS:NUMBER OF BREATH TESTS: 2300 x2300 x
SUSPECTED SIBO SUSPECTED SIBO 80.4%80.4% of testsof tests

SUSPECTED MALABSORPTION SUSPECTED MALABSORPTION 19.6%19.6% of tests of tests 

POPOSSITIVITITIVITYY –– 339.39.3%%

POPOCCITIVITITIVITYY –– 55.55.00%%

HYDROGEN / METHANE BREATH TESTSHYDROGEN / METHANEHYDROGEN / METHANE BREATH TESTSBREATH TESTS
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BreathBreath testtest IndicIndicationation SenSenssitivititivityy SpecificitSpecificityy

GluGlucocozzee HBTHBT SIBOSIBO 62%62% 83%83%

LaLacctultuloseose HBTHBT SIBOSIBO 31%31% 86%86%

FruFruccttoseose HBTHBT MalabsorpMalabsorptiontion 98%98% 86%86%

LaLaccttoozzee HBTHBT MalabsorpMalabsorptiontion 80%80% 100%100%

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

Update on diagnostic value of breath test in gastrointestinal anUpdate on diagnostic value of breath test in gastrointestinal and liver diseases.d liver diseases.
SiddiquiSiddiqui I, Ahmed S, I, Ahmed S, AbidAbid S. S. 

World J World J Gastrointest PathophysiolGastrointest Pathophysiol. 2016 Aug 15;7(3):256. 2016 Aug 15;7(3):256--265265

H2 /CH4 BREATH TESTS, INDICATIONS, RELIABILITYHH22 /CH/CH44 BREATH TESTS, INDICATIONS, RELIABILITYBREATH TESTS, INDICATIONS, RELIABILITY
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CONCENTRATION H2CONCENTRATIONCONCENTRATION HH22

CONCENTRATION
H2 + 2x CH4

CONCENTRATIONCONCENTRATION
HH2 2 + 2x CH+ 2x CH44

75 g GLUCOSE75 g GLUCOSE

H2 /CH4 /CO2 - GLUCOSE TEST FOR SIBOHH22 /CH/CH44 /C/COO22 -- GLUCOSE TEST FOR SIBOGLUCOSE TEST FOR SIBO
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CONCENTRATION H2CONCENTRATIONCONCENTRATION HH22

20 g LACTOSE20 g LACTOSE20 g LACTOSE

H2 /CH4 /CO2 - LACTOSE MALABSORPTIONHH22 /CH/CH44 /C/COO22 -- LACTOSE MALABSORPTIONLACTOSE MALABSORPTION
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H2 /CH4 /CO2 - LACTOSE MALABSORPTION + SIBOHH22 /CH/CH44 /C/COO22 -- LACTOSE MALABSORPTIONLACTOSE MALABSORPTION + SIBO+ SIBO

CONCENTRATION H2CONCENTRATIONCONCENTRATION HH22

20 g LACTOSE20 g LACTOSE20 g LACTOSE



5050

Fructose breathFructose breath test test -- 4646--yearyear--old patientold patient L.S.L.S.
BreathBreath testtest performed performed withwith fructose in doses offructose in doses of 25g, 10g25g, 10g andand 5g5g duringduring 66 weeksweeks

Samples taken everySamples taken every 44 hours andhours and 1515 minutesminutes

0

20

40

60

80

100

120

140

160

180

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

HH22+2xCH+2xCH44
ppmppm

FruFruccttoseose 25g25g -- 10g10g -- 5g5g

H2-FRUCTOSE BREATH TESTHH22--FRUFRUCCTTOSE BREATHOSE BREATH TESTTEST
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13C-ACETATE WITH H2-LACTULOSE BREATH TEST1313CC--ACETACETATEATE WITH WITH HH22--LALACCTULTULOSE OSE BREATH BREATH TESTTEST

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

Simultaneous nonSimultaneous non--invasive measurementinvasive measurement ofof liquid gastric emptyingliquid gastric emptying andand
small bowel  small bowel  transit bytransit by combinedcombined 13C13C--acetateacetate and H2and H2--lactulose breathlactulose breath test.test.
BertramBertram F,F, AndresenAndresen V,V, LayerLayer P, Keller J. JP, Keller J. J Breath ResBreath Res. 2014; 8(4): e046007. 2014; 8(4): e046007

Evaluation ofEvaluation of OCTT OCTT -- OroCeacalOroCeacal TransitTransit TimeTime
versusversus SBTT SBTT -- Small BowelSmall Bowel TransitTransit TimeTime
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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

ValidationValidation of a 4of a 4--GasGas Device forDevice for BreathBreath Testing in theTesting in the DeterminationDetermination ofof Small Small 
Intestinal Bacterial OvergrowthIntestinal Bacterial Overgrowth.. SingerSinger--EnglarEnglar T,T, RezaieRezaie A,A, GuptaGupta K.K. et alet al. . 

Gastroenterology, 2018, 154(6), s. 281Gastroenterology, 2018, 154(6), s. 281

TrioTrio--smart breathsmart breath testtest
PacificDx LabPacificDx Lab inin CCalifornialiforniaa
MeasuringMeasuring HH22, CH, CH44 a Ha H22SS

Correction by Correction by COCO22
44--GasGas DeviceDevice

DETECTION OF HYDROGEN, METHANE AND HYDROGEN SULFIDEDETECTION OF HYDROGEN, METHANE AND HYDROGEN SULFIDEDETECTION OF HYDROGEN, METHANE AND HYDROGEN SULFIDE
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HYDROGEN BREATH TESTS GUIDELINES - UEGHYDROGEN BREATH TESTS HYDROGEN BREATH TESTS GUIDELINESGUIDELINES -- UEGUEG

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. 
United European Gastroenterol J. 2022; 10: 15-40.

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

EAGEN, ESNM  and ESPGHN consensus. Hammer HF, Fox MR, Keller J. EAGEN, ESNM  and ESPGHN consensus. Hammer HF, Fox MR, Keller J. el at. el at. 
United European United European GastroenterolGastroenterol J. 2022; 10: 15J. 2022; 10: 15--40.40.

This clinical practice recommendation should facilitate Europe-
wide harmonization of diagnostic approaches to symptoms and 
disorders that are very common in specialist and primary care
gastroenterology practice, both in adult and pediatric patients.
In addition, it identifies areas of future research needs to clarify 

diagnostic and therapeutic approaches.

This clinical practice recommendation should facilitate EuropeThis clinical practice recommendation should facilitate Europe--
wide harmonization of diagnostic approacheswide harmonization of diagnostic approaches toto symptoms and symptoms and 
disorders thatdisorders that areare very common in specialist and primaryvery common in specialist and primary carecare
gastroenterology practicegastroenterology practice,, both in adult and pediatric patientsboth in adult and pediatric patients..
In additionIn addition,, it identifies areas of future research needsit identifies areas of future research needs toto clarify clarify 

diagnostic and therapeutic approachesdiagnostic and therapeutic approaches..

HH22BT BT -- Hydrogen Breath TestsHydrogen Breath Tests
Small intestinal bacterial overgrowth Small intestinal bacterial overgrowth -- SIBO SIBO -- glucose, glucose, lactuloselactulose

OroOro--cecalcecal transit time transit time -- OCTT OCTT -- lactuloselactulose, , inulininulin
Carbohydrate Carbohydrate malabsorptionmalabsorption::

Lactose Lactose malabsorptionmalabsorption -- lactose, Fructose lactose, Fructose malabsorptionmalabsorption -- fructosefructose
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Early Detection of Diabetic Ketoacidosis by Breathalyzer in a Sailor 
Reporting for Duty. Reinhart J. Mil Med. 2019; 184(11-12): e951-e952
Early DetectionEarly Detection ofof Diabetic KetoacidosisDiabetic Ketoacidosis byby BreathalyzerBreathalyzer in ain a Sailor Sailor 
ReportingReporting for Duty.for Duty. ReinhartReinhart J. Mil Med. 2019; 184(11J. Mil Med. 2019; 184(11--12): e95112): e951--e952e952

A 37A 37--yearyear--old previously healthy manold previously healthy man
when entering service in a submarinewhen entering service in a submarine

routinely tested for alcoholroutinely tested for alcohol
DiabeticDiabetic ketoacidosisketoacidosis

a positive result of a manual breathalyzera positive result of a manual breathalyzer

ROUTINE ALCOHOL TEST – CLINICAL BENEFITROUTINE ALCOHOL TEST ROUTINE ALCOHOL TEST –– CLINICAL BENEFITCLINICAL BENEFIT
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Eosinophilia and fractional exhaled nitric oxide levels in chronic obstructive 
lung disease. Annangi S, Nutalapati S, Sturgill J et al. Thorax. 2021 Aug 20.

Epub. PMID: 34417353.

EosinophiliaEosinophilia andand fractional exhaled nitricfractional exhaled nitric oxideoxide levelslevels inin chronic obstructive chronic obstructive 
lung diseaselung disease.. AnnangiAnnangi S,S, NutalapatiNutalapati S,S, SturgillSturgill JJ et alet al.. ThoraxThorax. 2021. 2021 AugAug 20.20.

EpubEpub. PMID: 34417353.. PMID: 34417353.

ANALYSIS OF NITRIC OXIDE (FeNO) IN PNEUMOLOGYANALYSIS OF NITRIC OXIDE (ANALYSIS OF NITRIC OXIDE (FeNOFeNO) IN PNEUMOLOGY) IN PNEUMOLOGY

COPD is a heterogeneous disorder COPD is a heterogeneous disorder 
with different phenotypes. The study is with different phenotypes. The study is 
aimed at determining the prevalence of aimed at determining the prevalence of 
asthma history, peripheralasthma history, peripheral eosinophiliaeosinophilia

and elevatedand elevated FeNOFeNO levels, together levels, together 
with the diagnostic effectiveness of with the diagnostic effectiveness of 
peripheralperipheral eosinophiliaeosinophilia in identifyingin identifying

eosinophiliceosinophilic airway inflammation.airway inflammation.

FeNO
Fractional exhaled Nitric Oxide 

FeNOFeNO
Fractional exhaled NitricFractional exhaled Nitric Oxide Oxide 
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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. 

2018; 12(2): e026005

Exhaled nitricExhaled nitric oxide as aoxide as a potential markerpotential marker forfor detecting nondetecting non--ulcer dyspepsiaulcer dyspepsia
andand peptic ulcer diseasepeptic ulcer disease.. SomSom S,S, Dutta BanikDutta Banik G,G, MaityMaity AA et alet al. J. J Breath ResBreath Res. . 

2018; 12(2): e0260052018; 12(2): e026005

NUD (Non Ulcer Dyspepsia) n=64NUD (Non Ulcer Dyspepsia) n=64
PUD (Peptic Ulcer Disease) n=56PUD (Peptic Ulcer Disease) n=56

Hp negative controls n=49Hp negative controls n=49
ΔΔNO (ppb) detection CRDSNO (ppb) detection CRDS

Cavity RingCavity Ring--Down Spectroscopy Down Spectroscopy 
δδ1313C (< 3‰) C (< 3‰) 1313CC--UBT UBT detdeteectionction ICOSICOS

LaserLaser--Based Integrated Based Integrated 
Cavity Output SpectroscopyCavity Output Spectroscopy

ANALYSIS OF NITRIC OXIDE (NO) IN GASTROENTEROLOGYANALYSIS OF NITRIC OXIDE (NO) IN GASTROENTEROLOGYANALYSIS OF NITRIC OXIDE (NO) IN GASTROENTEROLOGY
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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.

Investigation of different approaches for exhaled breath and tumInvestigation of different approaches for exhaled breath and tumor tissue or tissue 
analyses to identify lung cancer biomarkers. analyses to identify lung cancer biomarkers. GashimovaGashimova E, E, TemerdashevTemerdashev A, A, 

PorkhanovPorkhanov V. et al. V. et al. HeliyonHeliyon. 2020; 6(6): e04224.. 2020; 6(6): e04224.

VOC - VOLATILE ORGANIC SUBSTANCES IN BREATHVOC VOC -- VOLATILE ORGANIC SUBSTANCES IN BREATHVOLATILE ORGANIC SUBSTANCES IN BREATH
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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): e025486

AssessmentAssessment ofof breath volatile organic compoundsbreath volatile organic compounds inin acute cardiorespiratory acute cardiorespiratory 
breathlessnessbreathlessness: a: a protocol describingprotocol describing aa prospective realprospective real--world observationalworld observational

study.study. IbrahimIbrahim W,W, WildeWilde M,M, CordellCordell R. BMJR. BMJ OpenOpen. 2019; 9(3): e025486. 2019; 9(3): e025486
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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.

Investigation of different approaches for exhaled breath and tumInvestigation of different approaches for exhaled breath and tumor tissue or tissue 
analyses to identify lung cancer biomarkers. analyses to identify lung cancer biomarkers. GashimovaGashimova E, E, TemerdashevTemerdashev A, A, 

PorkhanovPorkhanov V. et al. V. et al. HeliyonHeliyon. 2020; 6(6): e04224.. 2020; 6(6): e04224.

AcetoneAcetone diabetes,diabetes, chronic kidney diseasechronic kidney disease,, lunglung CACA

AcetaldehydeAcetaldehyde CACA breastbreast
FormaldehydeFormaldehyde CACA lunglung
HexanolHexanol CACA lunglung
OctanolOctanol Alzheimer'sAlzheimer's

EthanolEthanol liver steatosisliver steatosis, diabetes, CA, diabetes, CA liclic

EthylbenzeneEthylbenzene Parkinson'sParkinson's, diabetes, diabetes
IsopreneIsoprene chronic kidney diseasechronic kidney disease,, lunglung CACA
StyreneStyrene Alzheimer'sAlzheimer's,, Parkinson'sParkinson's,, chronic kidney diseasechronic kidney disease,, lunglung CACA
BenzeneBenzene AlzheimerAlzheimer,, ParkinsonParkinson, TB, CRCA, TB, CRCA
HexaneHexane Alzheimer'sAlzheimer's, CA, CA of the lungsof the lungs,, head and neckhead and neck
DecaneDecane AlzheimerAlzheimer, CA, CA of the lungsof the lungs,, head and neckhead and neck,, breast and prostatebreast and prostate
OctaneOctane Alzheimer'sAlzheimer's,, Parkinson'sParkinson's,, chronic kidney diseasechronic kidney disease,, lunglung CA,CA, headhead,, neckneck
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Pentane and other volatile organic compounds, including carboxylic acids, 
in the exhaled breath of patients with Crohn's disease and ulcerative colitis. 

Dryahina K, Smith D, Bortlík M. et al. J Breath Res. 2017; 12(1): e016002

Pentane and other volatile organic compounds, including carboxylPentane and other volatile organic compounds, including carboxylic acids, ic acids, 
in the exhaled breath of patients with in the exhaled breath of patients with Crohn'sCrohn's disease and ulcerative colitis. disease and ulcerative colitis. 

DryahinaDryahina K, Smith D, K, Smith D, BortlíkBortlík MM.. et alet al.. J Breath Res. 2017; 12(1): e016002J Breath Res. 2017; 12(1): e016002

The study was conducted on VOCThe study was conducted on VOC
in exhaled airin exhaled air

Inflammatory Bowel Disease (IBD)Inflammatory Bowel Disease (IBD)
136 with136 with Crohn'sCrohn's disease (CD)disease (CD)
51 with ulcerative colitis (UC)51 with ulcerative colitis (UC)
Control Control -- 14 healthy people14 healthy people

Breath samples intoBreath samples into NalophanNalophan bagsbags
Mass spectrometry analysisMass spectrometry analysis

with ion flow (SIFTwith ion flow (SIFT--MS)MS)

ANALYSIS OF VOC IN PATIENTS WITH IBDANALYSIS OF VOC IN PATIENTS WITH IBDANALYSIS OF VOC IN PATIENTS WITH IBD
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ARTIFICIAL INTELLIGENCE IN VOC ANALYSISARTIFICIAL INTELLIGENCE IN VOC ANALYSISARTIFICIAL INTELLIGENCE IN VOC ANALYSIS

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

DiagnosisDiagnosis andand ClassificationClassification of 17of 17 Diseases fromDiseases from 14041404 SubjectsSubjects viavia Pattern Pattern 
AnalysisAnalysis ofof Exhaled MoleculesExhaled Molecules.. NakhlehNakhleh MK,MK, AmalAmal H,H, JeriesJeries R.R. et alet al. . 

ACSACS NanoNano. 2017; 11(1): 112. 2017; 11(1): 112--125125

StudyStudy ofof 5757 authors fromauthors from 2121 workplacesworkplaces ((IsraelIsrael, France, USA), France, USA)
Exhaled air samples ofExhaled air samples of 14041404 personspersons

A VOCA VOC 'breathprint' was defined'breathprint' was defined for 17for 17 diseasesdiseases
lung cancerlung cancer,, colorectal cancercolorectal cancer,, ovarian cancerovarian cancer,,

prostate cancerprostate cancer,, kidney cancerkidney cancer,, stomach cancerstomach cancer,,
head and neck cancerhead and neck cancer,, bladder cancerbladder cancer,,
Crohn's diseaseCrohn's disease,, ulcerative colitisulcerative colitis, IBS,, IBS,
Parkinson's diseaseParkinson's disease,, multiple sclerosismultiple sclerosis,,

pulmonary arterial hypertensionpulmonary arterial hypertension,, prepre--eclampsiaeclampsia,, chronic renal failurechronic renal failure
Reliability of artificial intelligenceReliability of artificial intelligence to diagnose 17to diagnose 17 diseases isdiseases is 86%86%
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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

DiagnosisDiagnosis andand ClassificationClassification of 17of 17 Diseases fromDiseases from 14041404 SubjectsSubjects viavia Pattern Pattern 
AnalysisAnalysis ofof Exhaled MoleculesExhaled Molecules.. NakhlehNakhleh MK,MK, AmalAmal H,H, JeriesJeries R.R. et alet al. . 

ACSACS NanoNano. 2017; 11(1): 112. 2017; 11(1): 112--125125
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The Great Exhale Using Breath Analysis to Detect Disease. 

Mertz L.: IEEE Pulse. 2020; 11(3): 7-11
TheThe Great Exhale Using Breath AnalysisGreat Exhale Using Breath Analysis toto Detect DiseaseDetect Disease. . 

MertzMertz L.: IEEE Pulse. 2020; 11(3): 7L.: IEEE Pulse. 2020; 11(3): 7--1111

While blood, urine and stool testsWhile blood, urine and stool tests
became common waysbecame common ways
disease identification,disease identification,

the development of breath tests falteredthe development of breath tests faltered
because it didn't exist yetbecause it didn't exist yet

reliable wayreliable way
breath sample collection and analysis.breath sample collection and analysis.

BREATH BIOPSY – BREATH SAMPLING TECHNOLOGYBREATH BIOPSY BREATH BIOPSY –– BREATH SAMPLING TECHNOLOGYBREATH SAMPLING TECHNOLOGY
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http://www1.lf1.cuni.cz/~kocna/glab/glency1.htmhttp://www1.lf1.http://www1.lf1.cunicuni..czcz/~/~kocnakocna//glabglab/glency1./glency1.htmhtm
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Direct linkDirect link to MZČRto MZČR
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http://gelab.zde.czhttp://http://gegelalab.b.zdezde..czcz
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