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MALABSORBTIONMALABSORBTIONMALABSORBTION
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BASIC COMPONENTS OF NUTRITIONBASIC COMPONENTS OF NUTRITIONBASIC COMPONENTS OF NUTRITION

CARBOHYDRATESCARBOHYDRATES PROTEINPROTEINSS LIPIDLIPIDSS

ENERGYENERGY FOR BODYFOR BODY
BUILDINGBUILDING

AFFECTING AFFECTING 
METABOLISMMETABOLISM

NONNON--ENERGY ENERGY 
COMPONECOMPONENTNT BASICBASIC SOLVENTNT SOLVENTNT 

VITAMVITAMIINNSS MINERAL SUBSTANCESMINERAL SUBSTANCES WATERWATER
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MALABSORPTION, MALDIGESTION, MALASIMILATIONMALABSORPTION, MALDIGESTION, MALASIMILATIONMALABSORPTION, MALDIGESTION, MALASIMILATION

MALABSORPTION
CONDITIONS IN WHICH THE ABSORPTION AND, IN A BROADER 
CONCEPT, THE DIGESTION OF FOOD IN THE DIGESTIVE TRACT ARE 
DISRUPTED 
MALDIGESCE
DISORDER OF DIGESTION CAUSED BY FAILURE OF VARIOUS 
ORGANS OF THE DIGESTIVE TRACT (STOMACH, PANCREAS, LIVER, 
INTESTINES), INCLUDING. DEFICIENCY OF DIGESTIVE ENZYMES OR 
BILE. MALDIGESTION ALONG WITH MALABSORPTION IS 
SOMETIMES REFERRED TO AS MALASIMILATION. 
MALASIMILATION
DISORDER OF NUTRIENT UTILIZATION (ASSIMILATION), INCLUDES 
MALDIGESTION AND MALABSORPTION. SINCE DIGESTION IS A 
CONDITION FOR NUTRIENT ABSORPTION, MALDIGESTION RESULTS 
IN MALABSORPTION, WHICH OVERLAPS TO A SIGNIFICANT 
DEGREE WITH MALASIMILLATION

MALABSORPTIONMALABSORPTION
CONDITIONS IN WHICH THE ABSORPTION AND, IN A BROADER CONDITIONS IN WHICH THE ABSORPTION AND, IN A BROADER 
CONCEPT, THE DIGESTION OF FOOD IN THE DIGESTIVE TRACT ARE CONCEPT, THE DIGESTION OF FOOD IN THE DIGESTIVE TRACT ARE 
DISRUPTED DISRUPTED 
MALDIGESCEMALDIGESCE
DISORDER OF DIGESTION CAUSED BY FAILURE OF VARIOUS DISORDER OF DIGESTION CAUSED BY FAILURE OF VARIOUS 
ORGANS OF THE DIGESTIVE TRACT (STOMACH, PANCREAS, LIVER, ORGANS OF THE DIGESTIVE TRACT (STOMACH, PANCREAS, LIVER, 
INTESTINES), INCLUDING. DEFICIENCY OF DIGESTIVE ENZYMES OR INTESTINES), INCLUDING. DEFICIENCY OF DIGESTIVE ENZYMES OR 
BILE. MALDIGESTION ALONG WITH MALABSORPTION IS BILE. MALDIGESTION ALONG WITH MALABSORPTION IS 
SOMETIMES REFERRED TO AS MALASIMILATION. SOMETIMES REFERRED TO AS MALASIMILATION. 
MALASIMILATIONMALASIMILATION
DISORDER OF NUTRIENT UTILIZATION (ASSIMILATION), INCLUDES DISORDER OF NUTRIENT UTILIZATION (ASSIMILATION), INCLUDES 
MALDIGESTION AND MALABSORPTION. SINCE DIGESTION IS A MALDIGESTION AND MALABSORPTION. SINCE DIGESTION IS A 
CONDITION FOR NUTRIENT ABSORPTION, MALDIGESTION RESULTS CONDITION FOR NUTRIENT ABSORPTION, MALDIGESTION RESULTS 
IN MALABSORPTION, WHICH OVERLAPS TO A SIGNIFICANT IN MALABSORPTION, WHICH OVERLAPS TO A SIGNIFICANT 
DEGREE WITH MALASIMILLATIONDEGREE WITH MALASIMILLATION
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COELIAC DISEASE - GLUTEN ENTEROPATHY
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CalCalproteprotecctintin
CCalgranulinalgranulin
LaLacctoferintoferin
NeopterinNeopterin

PMN elastPMN elastasease
ββ--defensindefensin

ZonulinZonulin

αα11--antitrypsinantitrypsin
PanPanccreatic elastreatic elastasease

ABSORPTION

DIGESTION

MALABSORBTION
MARKERS

INFLAMATION
MARKERS

TUMOUR
MARKERS

MARKERS OF
BLEEDING

HHaaemoglobinemoglobin
HaptoglobinHaptoglobin
TransfeTransferrrinrin

M2M2--protein kinprotein kinasease
DNA DNA markemarkersrs

77
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LACTASE
SUCRASE
MALTASE

TREHALASE

LALACCTTASEASE
SSUUCRCRASEASE
MALTMALTASEASE

TREHALTREHALASEASE

PANCREATIC
α−AMYLASE
PANPANCCREATICREATIC
αα−−AMYLAMYLASEASE

SALIVARY
α−AMYLASE
SSALIVARYALIVARY
αα−−AMYLAMYLASEASE

ACTIVE
TRANSPORT

AACCTIVTIVEE
TRANSPORTTRANSPORT

PASSIVE
DIFFUSION
PASPASSIVESIVE

DIDIFFFFUSIONUSION

DISACHARIDYDISACHARIDYDISACHARIDY

FRUCTOSEFRUFRUCCTTOSEOSE GLUCOSE
GALACTOSE

GLUGLUCOSECOSE
GALAGALACTOSECTOSE

STARCHSTARCHSTARCH

POLYCARBOHYDRATESPOLYPOLYCARBOHYDRATESCARBOHYDRATES

CARBOHYDRATE DIGESTION PROCESSCARBOHYDRATE DIGESTION PROCESSCARBOHYDRATE DIGESTION PROCESS



99

PANCREATIC
LIPASE

PANPANCCREATICREATIC
LIPLIPASEASE

PASSIVE
DIFFUSION
PASPASSIVESIVE

DIDIFFFFUSIONUSION

MICELLESMICELMICELLESLES

LIPIDSLIPIDSLIPIDS

EMULSIFIED
FATS

EMULSIFIEDEMULSIFIED
FATSFATS

BILE SALTS,
ACIDS

BILE SALTS,BILE SALTS,
ACIDSACIDS

CHYLOMICRONSCHYLOMICHYLOMICCRONRONSS

LIPOPROTEINSLIPOPROTEINLIPOPROTEINSS

SHORT
FATTY ACIDS

SHORTSHORT
FATTY ACIDSFATTY ACIDS

LONG
FATTY ACID.

LONGLONG
FATTY ACIDFATTY ACID..

LIPID DIGESTION PROCESSLIPID DIGESTION PROCESSLIPID DIGESTION PROCESS
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AMINO ACIDSAMINOAMINO ACIDSACIDS

AMINOPEPTIDASE
CARBOXYPEPTIDASE

ENDOPEPTIDASE

AMINOPEPTIDAMINOPEPTIDASEASE
CCARBOXYPEPTIDARBOXYPEPTIDASEASE

ENDOPEPTIDENDOPEPTIDASEASE

TRYPSIN
CHYMOTRYPSIN

ELASTASE

TRYPSINTRYPSIN
CHYMOTRYPSINCHYMOTRYPSIN

ELASTELASTASEASE

PEPSINPEPSINPEPSIN

ACTIVE
TRANSPORT

AACCTIVTIVEE
TRANSPORTTRANSPORT

DI/TRIPEPTIDESDIDI//TRIPEPTIDTRIPEPTIDESES

PROTEINSPROTEINSPROTEINS

OLIGOPEPTIDES
PEPTIDES

OLIGOPEPTIDOLIGOPEPTIDESES
PEPTIDPEPTIDESES

PROTEIN DIGESTION PROCESSPROTEIN DIGESTION PROCESSPROTEIN DIGESTION PROCESS
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VILLIVILLIVILLI MICROVILLIMICROVILLIMICROVILLIENTEROCYTE

S
ENTEROCYTEENTEROCYTE

SS

SMALL INTESTINESMALL INTESTINESMALL INTESTINE
DUODENUM - JEJUNUM - ILEUM, LENGTH 3 - 4 METERS

SURFACE 5 x ENLARGE BY VILLI (0.5 - 1 mm, 20 - 40 villi / mm2)
MICROVILLI - BRUSH BORDER - ENLARGE THE SURFACE 30x - 100 m2

DUODENUM DUODENUM -- JEJUNUMJEJUNUM -- ILEUMILEUM,, LENGTHLENGTH 3 3 -- 44 METERSMETERS
SURFACESURFACE 5 x 5 x ENLARGEENLARGE BY BY VILLVILLII (0.5 (0.5 -- 1 mm, 20 1 mm, 20 -- 4040 villivilli // mm2mm2))

MICROMICROVILLIVILLI -- BRUSH BRUSH BORDERBORDER -- ENLARGE THE SURFACE 30xENLARGE THE SURFACE 30x -- 100 m2100 m2



BRUSH BORDERBRUSH BORDERBRUSH BORDER

GOLGI COMPLEXGOLGI COMPLEXGOLGI COMPLEX

MITOCHONDRIAMITOCHONDRIMITOCHONDRIAA

ENDOPLASMATIC 
RETICULUM

ENDOPLASMATIC ENDOPLASMATIC 
RETICULUMRETICULUM
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SMALL INTESTINE - ENTEROCYTE FUNCTIONSMALL INTESTINE SMALL INTESTINE -- ENTEROCYTE FUNCTIONENTEROCYTE FUNCTION

DIGESTIONDIGESDIGESTIONTION ABSORPTIONABSORPABSORPTIONTION

ENZYMES
BRUSH BORDER

PEPTIDE CLEAVAGE
DISACCHARIDE

ENZYMESENZYMES
BRUSHBRUSH BORDERBORDER

PEPTIDE PEPTIDE CLEAVAGECLEAVAGE
DISACCHARIDEDISACCHARIDE

MEMBRANE DIFFUSION
AMINO ACIDS

MONOSACCHARIDES

MEMBRANE DIFFUSIONMEMBRANE DIFFUSION
AMINO ACIDSAMINO ACIDS

MONOSACCHARIDESMONOSACCHARIDES

TRANSEPITHELIAL
TRANSPORT

PROTEINS, IgA

TRANSEPITHELIALTRANSEPITHELIAL
TRANSPORTTRANSPORT

PROTEINSPROTEINS,, IgAIgA

TRANSPORTTRANSPORTTRANSPORT
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MALABSORPTION
A STATE OF DEFICIENCY OF ONE OR MORE ESSENTIAL 
NUTRIENTS  IT IS NOT DIGESTED AND ABSORBED, OR IS NOT 
SUFFICIENTLY DIGESTED 

MALABSORPTION SYNDROME (MS) INCLUDES: 
- DISORDER OF INTRALUMINAL DIGESTION, 
- DIGESTION NUTRIENT ABSORPTION DISORDER, 
- ABNORMAL SECRETION OF DIGESTIVE JUICES 
- SERIOUS MOTILITY DISORDER
- INSUFFICIENT FOOD INTAKE 

PRIMARY MALABSORPTION SYNDROME
DISORDER AT THE LEVEL OF THE ENTEROCYTE  
CELIAC DISEASE, TROPICAL SPRUE, WHIPPLE'S DISEASE

SECONDARY MALABSORPTION SYNDROME
DISEASE OF THE PANCREAS, GALLBLADDER, LIVER,
OBSTRUCTIVE INTESTINAL DISEASES, INFECTION

MALABSORPTIONMALABSORPTION
A A STATESTATE OFOF DEFICIENCYDEFICIENCY OFOF ONE ORONE OR MOREMORE ESSENTIAL ESSENTIAL 
NUTRIENTS  IT ISNUTRIENTS  IT IS NOTNOT DIGESTEDDIGESTED ANDAND ABSORBEDABSORBED,, OR ISOR IS NOT NOT 
SUFFICIENTLY DIGESTED SUFFICIENTLY DIGESTED 

MALABSORPTIONMALABSORPTION SYNDROMESYNDROME (MS)(MS) INCLUDESINCLUDES: : 
-- DISORDERDISORDER OFOF INTRALUMINAL DIGESTIONINTRALUMINAL DIGESTION, , 
-- DIGESTION NUTRIENT ABSORPTION DISORDERDIGESTION NUTRIENT ABSORPTION DISORDER, , 
-- ABNORMAL SECRETIONABNORMAL SECRETION OFOF DIGESTIVE JUICES DIGESTIVE JUICES 
-- SERIOUSSERIOUS MOTILITYMOTILITY DISORDERDISORDER
-- IINSUFFICIENT FOOD INTAKE NSUFFICIENT FOOD INTAKE 

PRIMARY MALABSORPTIONPRIMARY MALABSORPTION SYNDROMESYNDROME
DISORDERDISORDER ATAT THE LEVELTHE LEVEL OFOF THE ENTEROCYTE  THE ENTEROCYTE  
CELIAC DISEASECELIAC DISEASE,, TROPICAL SPRUETROPICAL SPRUE,, WHIPPLE'S WHIPPLE'S DISEASEDISEASE

SECONDARY MALABSORPTIONSECONDARY MALABSORPTION SYNDROMESYNDROME
DISEASEDISEASE OFOF THE PANCREATHE PANCREASS, , GALLBGALLBLADDERLADDER, , LIVERLIVER,,
OBSTRUCTIVE INTESTINAL DISEASESOBSTRUCTIVE INTESTINAL DISEASES,, INFECTIONINFECTION

MALABSORPTION, MALDIGESTION, MALASIMILATIONMALABSORPTION, MALDIGESTION, MALASIMILATIONMALABSORPTION, MALDIGESTION, MALASIMILATION
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MALABSORPTION - CLINICAL MANIFESTATIONSMALABSORPTION MALABSORPTION -- CLINICAL MANIFESTATIONSCLINICAL MANIFESTATIONS

FATS
FATTY ACIDS

BILE SALTS

PROTEINS
SUGARS

LACTOSE

IRON
CALCIUM

VITAMIN B12, FOLATES
VITAMIN K

VITAMIN D, Ca, Mg

FATSFATS
FATTY ACIDSFATTY ACIDS

BILE SALTSBILE SALTS

PROTEINSPROTEINS
SUGARSSUGARS

LACTOSELACTOSE

IRONIRON
CALCIUMCALCIUM

VITAMIN B12, VITAMIN B12, FOLATESFOLATES
VITAMIN KVITAMIN K

VITAMIN D, Ca, MgVITAMIN D, Ca, Mg

STEATORHOEA
DIARRHEA

MUSCLE WEAKNESS, FATIGUE
WEIGHT LOSS

MILK INTOLERANCE

ANEMIA
PATHOLOGICAL FRACTURES

MEGALOBLASTIC ANEMIA
BLEEDING
NEUROLOGICAL SY., TETANIA

STEATORHOEASTEATORHOEA
DIARRHEADIARRHEA

MUSCLE WEAKNESSMUSCLE WEAKNESS,, FATIGUEFATIGUE
WEIGHT LOSSWEIGHT LOSS

MILKMILK INTOLERANCEINTOLERANCE

ANEMIAANEMIA
PATHOLOGICAL FRACTURESPATHOLOGICAL FRACTURES

MEGALOBLASTIC ANEMIAMEGALOBLASTIC ANEMIA
BLEEDINGBLEEDING
NEUROLOGICAL SYNEUROLOGICAL SY.,., TETANIATETANIA



DUODENUM

JEJUNUM

ILEUM

CECUM

DUODENUMDUODENUM

JEJUNUMJEJUNUM

ILEUMILEUM

CCECECUMUM

AK    SUGARSAK    AK    SUGARSSUGARS

Ca FeCaCa FeFe

XYLOSEXYLXYLOSEOSE
FATFATFAT

BILE ACIDSBILE ACIDSBILE ACIDS

VITAMIN B12VITAMIN BVITAMIN B1212

1515

RESORPTION AND ABSORPTION FROM THE SMALL INTESTINERESORPTION AND ABSORPTION FROM THE SMALL INTESTINE
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MALABSORPTION-MALDIGESCE-MALASIMILATION
GIT FUNCTIONS

EXAMINATION METHODS
COELIAC DISEASE - GLUTEN ENTEROPATHY

LACTOSE INTOLERANCE
PANCREATIC INSUFFICIENCY

SMALL INTESTINAL BACTERIAL OVERGROWTH

MALABSORPTIONMALABSORPTION--MALDIGESCEMALDIGESCE--MALASIMILATIONMALASIMILATION
GIT GIT FUNCTIONSFUNCTIONS

EXAMINATION METHODSEXAMINATION METHODS
COELIAC DISEASECOELIAC DISEASE -- GLUTEN GLUTEN ENTEROPATHENTEROPATHYY

LACTOSELACTOSE INTOLERANCEINTOLERANCE
PANCREATIC INSUFFICIENCYPANCREATIC INSUFFICIENCY

SMALL INTESTINAL BACTERIAL OVERGROWTHSMALL INTESTINAL BACTERIAL OVERGROWTH
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DIAGNOSTIC ALGORITHM FOR MALABSORPTIONDIAGNOSTIC ALGORITHM FOR MALABSORPTION

No MS

Normal results Pathology results

Microscopy stool exam.
Serum A vitamin

MS susp. LOW

SIBO
Breath test

Therapy ATB

Pancreatic insuff.

CT, ERCP, EUS
Secretin test

Hepatobiliary dg.
ERCP, EUS
Liver biopsy

Next exam. Therapy acc. 
pathology results

Small bowel biopsy
Pancreato-biliary imaging

Liver biopsy

MS susp. HIGH

Anamnesis
Physical examination

Rutine laboratory

Normal results Pathology results
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X RAY EXAMINATIONX RAY EXAMINATION

EnteroclysisEnteroEnteroccllysisysis

Contrast examinationContrast examinationContrast examination

X RAY EXAMINATIONX RAY EXAMINATION
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ENDOSCOPY EXAMINATIONENDOSCOPY EXAMINATION

Normal duodenal
mucosa

NormNormaal l duodenalduodenal
mumuccoossaa

EnterscopyEntersEntersccopopyy
Mosaic pattern of 
duodenal mucosa
MoMossaiaic pattern of c pattern of 
duodenal mucosaduodenal mucosa

Chromoendoscopy
with indigocarmine
ChromoendosChromoendosccopopyy
with with indigoindigoccarmarmineine

http://www.lfhk.cuni.cz/kcvl/stranky/ENTERO/E-cel1.htmlhttp://www.http://www.lfhklfhk..cunicuni..czcz//kcvlkcvl//strankystranky/ENTERO/E/ENTERO/E--cel1.cel1.htmlhtml

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


2020 http://www.lfhk.cuni.cz/kcvl/stranky/Kapsle/C-CE1.htmlhttp://www.http://www.lfhklfhk..cunicuni..czcz//kcvlkcvl//strankystranky/Kapsle/C/Kapsle/C--CE1.CE1.htmlhtml

NON-INVASIVE ENDOSCOPIC
EXAMINATION

NON-INVASIVE ENDOSCOPIC
EXAMINATION

Normal duodenal
mucosa

NormNormaal l duodenalduodenal
mumuccoossaa

Mosaic pattern of 
duodenal mucosa
MoMossaiaic pattern of c pattern of 
duodenal mucosaduodenal mucosa

CAPSULE ENDOSCOPY CAPSULE ENDOSCOPY 

http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
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HISTOLOGICAL EXAMINATION OF BIOPSY - MUCOSAHISTOLOGICAL EXAMINATION OF BIOPSY - MUCOSA

Normal jejunal 
mucosa

Normal jejunal Normal jejunal 
mucosamucosa

Flat, atrophic mucosa,
crypt hyperplasia, 

celiac disease

FlatFlat,, atrophic mucosaatrophic mucosa,,
crypt hyperplasiacrypt hyperplasia, , 

celiac diseaseceliac disease

PAS positive cells,
Whipple's disease
PAS positivePAS positive cellscells,,
Whipple's diseaseWhipple's disease

http://az.gastroatlas.com/index.aspxhttp://http://azaz..gastroatlasgastroatlas..comcom/index./index.aspxaspx

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


ANALYSIS OF FACES ENABLES THE DIAGNOSTIC PROCESS OF DISEASES
OF THE DIGESTIVE SYSTEM, LIVER AND PANCREAS. CLARIFICATION OF
THE CAUSES LEADING TO SYMPTOMS AFFECTING THE GI tract 
INCLUDING DIARRHEA, NAUSEA, VOMITING, EDEMA, PAIN, SPAMS,
FEVER, LOSS OF TASTE, ETC.

DETECTION OF SOME ENZYMES IN THE FACES TO DETERMINE THE 
RATE OF PANCREATIC FUNCTION. 

DETECTION OF OCCULT BLEEDING FOR COLORECTAL TUMOR 
SCREENING 

DETECTION OF THE PRESENCE OF PARASITES, E.G. LAMBLIA 

DETECTION AND IDENTIFICATION OF SOME TYPES OF BACTERIA 

DETECTION OF UNDIGESTED FOOD REMAINS IN MALABSORPTION
SYNDROME

ANALYSIS OF FACES ENABLES THE DIAGNOSTIC PROCESS OF DISEASES
OF THE DIGESTIVE SYSTEM, LIVER AND PANCREAS. CLARIFICATION OF
THE CAUSES LEADING TO SYMPTOMS AFFECTING THE GI tract 
INCLUDING DIARRHEA, NAUSEA, VOMITING, EDEMA, PAIN, SPAMS,
FEVER, LOSS OF TASTE, ETC.

DETECTION OF SOME ENZYMES IN THE FACES TO DETERMINE THE 
RATE OF PANCREATIC FUNCTION. 

DETECTION OF OCCULT BLEEDING FOR COLORECTAL TUMOR 
SCREENING 

DETECTION OF THE PRESENCE OF PARASITES, E.G. LAMBLIA 

DETECTION AND IDENTIFICATION OF SOME TYPES OF BACTERIA 

DETECTION OF UNDIGESTED FOOD REMAINS IN MALABSORPTION
SYNDROME

STOOL EXAMINATIONSTOOL EXAMINATION

2222
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NATIVE PREPARATION
LEFTOVERS OF FOOD
CELLULOSE FIBER

NATIVE PREPARATIONNATIVE PREPARATION
LEFTOVERSLEFTOVERS OFOF FOODFOOD
CELLULOSE FIBERCELLULOSE FIBER

FRIEDIGER'S REAGENTS STAINING
- MUSCLE FIBERS RED
- FAT DROPLETS YELLOW
- DARK BLUE STARCH GRAINS

FRIEDIGER'S REAGENTS STAININGFRIEDIGER'S REAGENTS STAINING
-- MUSCLE FIBERS REDMUSCLE FIBERS RED
-- FAT DROPLETS YELLOWFAT DROPLETS YELLOW
-- DARK BLUE STARCH GRAINSDARK BLUE STARCH GRAINS

MUSCLE
FIBRES

MUSCLEMUSCLE
FIBRESFIBRES

STARCH
GRAIN

STARCHSTARCH
GRAINGRAIN

FAT
DROPLET

FATFAT
DROPLETDROPLET

MICROSCOPIC EXAMINATION OF STOOLMICROSCOPIC EXAMINATION OF STOOL

Gastroenterologie für die Praxis
München, 1975

GastroenterologieGastroenterologie ffüür die Praxisr die Praxis
MMüünchennchen, 1975, 1975

http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
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BIOCHEMICAL EXAMINATIONS OF THE STOOL SAMPLEBIOCHEMICAL EXAMINATIONSBIOCHEMICAL EXAMINATIONS OFOF THE STOOL SAMPLETHE STOOL SAMPLE

Helicobacter pylori AgHelicobacter pylori AgHelicobacter pylori Ag

Elastase - 1ElastElastasease -- 11

ChymotrypsinChymotrypsinChymotrypsin

HaemoglobinHHaaemoglobinemoglobin

LactoferrinLactoferrinLactoferrin

Anti Gliadin scIgAAnti Gliadin scIgAAnti Gliadin scIgA

LipaseLipaseLipaseβ-Defensin 2ββ--Defensin 2Defensin 2

LysozymeLysozymeLysozyme

AlbuminAlbuminAlbumin

AmylaseAmylAmylasease

MyeloperoxidázaMyeloperoxidMyeloperoxidáázaza

PCR / DNA PCR / DNA PCR / DNA 

CalprotectinCalprotectinCalprotectin

PMN ElastasePMN ElastasePMN Elastase

EDN Eosi.Deriv.NeurotoxinEDN Eosi.Deriv.NeurotoxinEDN Eosi.Deriv.Neurotoxin

Anti tTG IgAAnti tTG IgAAnti tTG IgA

α1-antitrypsinαα11--antitrypsinantitrypsin
ZonulinZonulinZonulin

HaptoglobinHaptoglobinHaptoglobin

TransferrinTransferrinTransferrin

Gliadin-33merGliadinGliadin--33mer33mer

Bile acidsBile acidsBile acids



Fecal mFecal markerarkerss IndiIndicatiomcatiom SenSenssitivititivityy SpecificitSpecificityy

BiomarkerBiomarkerss IBD IBD / IBS/ IBS

CCalprotealprotectctinin IBDIBD monitoringmonitoring 70 70 -- 100 % 100 % 70 70 -- 100 % 100 % 

S100 proteinS100 protein IBD IBD inflam. markerinflam. marker 60 60 -- 67 % 67 % 70 70 -- 90 % 90 % 

LaLacctofetoferrrinrin DifDif..diagnostdiagnosticsics IBDIBD -- IBSIBS 67 67 -- 85 % 85 % 90 90 -- 100 % 100 % 

Biomarkers ofBiomarkers of cellcell turnoverturnover

M2 M2 -- PKPK Screening GEScreening GE tumourstumours 67 67 -- 93 % 93 % 88 88 -- 92 % 92 % 

Biomarkers of digestion and malabsorptionBiomarkers of digestion and malabsorption

ElastElastasease ELEL--11 PanPanccreaticreatic insufinsuffficienciciencyy 100 % 100 % 96 % 96 % 

Fecal fatFecal fat Liver, small bowell dg.Liver, small bowell dg. 70 70 -- 94 % 94 % 80 80 -- 99 % 99 % 

αα11--antitrypsinantitrypsin Protein Protein enteropatenteropathyhy 60 60 -- 78 % 78 % 80 80 -- 85 % 85 % 

2525

Update on clinical and research application of fecal biomarkers for
gastrointestinal  diseases. Siddiqui I, Majid H, Abid S.
World J Gastrointest Pharmacol Ther. 2017; 8(1): 39-46

Update onUpdate on clinical and research application of fecal biomarkersclinical and research application of fecal biomarkers forfor
gastrointestinal  diseasesgastrointestinal  diseases.. SiddiquiSiddiqui I,I, MajidMajid H,H, AbidAbid S.S.
WorldWorld JJ Gastrointest Pharmacol TherGastrointest Pharmacol Ther. 2017; 8(1): 39. 2017; 8(1): 39--4646

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/


2626

STOOL EXAMINATION - SAMPLE COLLECTIONSTOOL EXAMINATIONSTOOL EXAMINATION -- SAMPLE COLLECTIONSAMPLE COLLECTION



2727

AUTOMATIC ANALYZERS FOR STOOL ANALYSISAUTOMATIC ANALYZERSAUTOMATIC ANALYZERS FORFOR STOOL ANALYSISSTOOL ANALYSIS

AA01 Alfresa PharmaAA01AA01 AlfresaAlfresa PharmaPharma

Hp ANTIGEN
HAEMOGLOBIN
CALPROTECTIN
TRANSFERRIN

HpHp ANTIGENANTIGEN
HHAAEMOGLOBINEMOGLOBIN
CALPROTECTINCALPROTECTIN
TRANSFERRINTRANSFERRIN

Turbilatex Cer TestTurbilatex Cer TestTurbilatex Cer Test

AVE 562 - AVE Tech.AVE 562 AVE 562 -- AVE Tech.AVE Tech.

Kroma iT LinearKroma iT LinearKroma iT Linear

Liaison DiaSorinLiaison Liaison DiaSorinDiaSorin

OC-Ceres EikenOCOC--CeresCeres EikenEiken

OC-Pledia EikenOCOC--Pledia EikenPledia Eiken Senti-FIT 270 SentinelSentiSenti--FIT 270 SentinelFIT 270 Sentinel
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A Point-of-Care Faecal Test Combining Four Biomarkers Allows Avoidance of Normal 
Colonoscopies and Prioritizes Symptomatic Patients with a High Risk of Colorectal 

Cancer. Hijos-Mallada G, Saura N, Lué A.et al.  Cancers (Basel). 2023; 15(3): 721

A PointA Point--ofof--Care Faecal Test Combining Four Biomarkers Allows Avoidance of Care Faecal Test Combining Four Biomarkers Allows Avoidance of Normal Normal 
Colonoscopies and Prioritizes SymptomaticColonoscopies and Prioritizes Symptomatic Patients with a High Risk of Colorectal Patients with a High Risk of Colorectal 

Cancer.Cancer. HijosHijos--Mallada G, Saura N, LuMallada G, Saura N, Luéé A.etA.et al.  Cancers (Basel). 2023; 15(3): 721al.  Cancers (Basel). 2023; 15(3): 7212828

COMBINATION OF 4 MARKERS - POCT SCREENINGCOMBINATIONCOMBINATION OF 4OF 4 MARKERSMARKERS -- POCTPOCT SCREENINGSCREENING

SpanishSpanish study, study, 
hemoglobin,hemoglobin, transferrintransferrin,,

calprotectin and calprotectin and 
lactoferrinlactoferrin,, highesthighest
negativenegative predictive predictive 
valuesvalues: 94.8% for: 94.8% for

significant pathologies significant pathologies 
andand 100% for 100% for CCRC or IBD RC or IBD 

if allif all 44 markers weremarkers were
negativenegative

(36.8%(36.8% of patientsof patients))

Colonoscopy findings for 0-4 positive tests. CRC, IBD, GIT pathology, healthColonoscopy findingsColonoscopy findings for 0for 0--4 positive4 positive teststests.. CCRCRC,, IBDIBD,, GIT patGIT pathhologologyy,, healthhealth

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/
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QUANTITATIVE ANALYSIS OF FATS IN STOOLQUANTITATIVE ANALYSIS OF FATS IN STOOL

COLLECTION OF 
STOOLS FOR 72 hr
COLLECTION OF COLLECTION OF 

STOOLS FOR STOOLS FOR 72 h72 hrrREFERENCE METHOD
EXOCRINE FUNCTIONS OF THE PANCREAS

REFERENCEREFERENCE METHODMETHOD
EXOCRINE FUNCTIONSEXOCRINE FUNCTIONS OFOF THE PANCREASTHE PANCREAS

S-CCK TESTSS--CCKCCK TESTTEST

FAT 72 hr.FATFAT 72 h72 hrr..



GASTRIC, DUODENAL, INTESTINAL BIOPSYGASTRICGASTRIC,, DUODENALDUODENAL,, INTESTINAL BIOPSYINTESTINAL BIOPSY

3030

CROSBY
CAPSLE
CROSBYCROSBY
CCAPSLEAPSLE

GASTRIC PROBE
TYPE LEVIN

GASTRIC PROBEGASTRIC PROBE
TYPTYPEE LEVINLEVIN



X-RAY CHECK OF PROBE POSITIONXX--RAY CHECKRAY CHECK OFOF PROBE POSITIONPROBE POSITION

3311
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SAMPLING BAGSAMPLINGSAMPLING BAGBAG

ABSORBER
water and CO2

ABSORBERABSORBER
water and COwater and CO22

HYDROGEN / METHANE - LACTOTEST-202 XTENDHYDROGEN / METHANEHYDROGEN / METHANE -- LACTOTESTLACTOTEST--202202 XTENDXTEND
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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 fortest for SIBOSIBO,, 75g glucose75g glucose,,
Breath samplesBreath samples areare taken everytaken every 1515 minutesminutes for 3for 3 hourshours

BreathBreath test fortest for lactoselactose//fructosefructose intoleranceintolerance
20g lactose20g lactose // 25g fructose25g fructose

Breath samplesBreath samples areare taken everytaken every 1515 minutesminutes for 4for 4 hourshours
Test positivity Test positivity –– HH22//CHCH44 rise of 10ppm against basal valuerise of 10ppm against basal value

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

SUSPECTED MALABSORPTION 19.6% of tests 

CLINICAL RESULTSCLINICAL RESULTS::
NUMBERNUMBER OFOF BREATH TESTSBREATH 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.
Siddiqui I, Ahmed S, Abid S. Siddiqui I, Ahmed S, Abid S. 

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

H2 /CH4 BREATH TESTS, INDICATIONS, RELIABILITYHH22 //CHCH44 BREATH TESTSBREATH TESTS,, INDICATIONSINDICATIONS,, RELIABILITYRELIABILITY

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/
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CONCENTRATION H2CONCENTRATIONCONCENTRATION HH22

CONCENTRATION
H2 + 2x CH4

CONCENTRATIONCONCENTRATION
HH2 2 + 2x+ 2x CHCH44

75 g GLUCOSE75 g GLUCOSE

H2 /CH4 /CO2 - GLUCOSE TEST FOR SIBOHH2 2 /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 MALABSORPTIONHH2 2 /CH/CH44 /C/COO22 -- LACTOSE MALABSORPTIONLACTOSE MALABSORPTION
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H2 /CH4 /CO2 - LACTOSE MALABSORPTION + SIBOHH2 2 /CH/CH44 /C/COO22 -- LACTOSE MALABSORPTIONLACTOSE MALABSORPTION + SIBO+ SIBO

CONCENTRATION H2CONCENTRATIONCONCENTRATION HH22

20 g LACTOSE20 g LACTOSE20 g LACTOSE
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Fructose breathFructose breath test test -- 4646--yearyear--old patientold patient L.S.L.S.
BreathBreath testtest performed performed withwith fructose in doses of 25gfructose in doses of 25g,, 10g and10g and 5g5g duringduring 66 weeksweeks

Samples taken everySamples taken every 44 hours andhours and 1515 minutesminutes
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

HH22++2xCH2xCH44
ppmppm

FruFruccttoseose 25g25g -- 10g10g -- 5g5g

H2-FRUCTOSE BREATH TESTHH22--FRUFRUCCTTOSE BREATHOSE BREATH TESTTEST
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INTESTINAL PERMEABILITY, ABSORPTIONINTESTINAL PERMEABILITY, ABSORPTIONINTESTINAL PERMEABILITY, ABSORPTION

ACTIVE
TRANSPORT

AACCTIVTIVEE
TRANSPORTTRANSPORT

LACTULOSE
CELLOBIOSE
LALACCTULTULOSEOSE
CELLOBICELLOBIOSEOSE

MANITOL
RHAMNOSIS

MANITOLMANITOL
RHAMNRHAMNOSISOSIS

PARACELULAR
ABSORPTION

PARACELULAPARACELULARR
ABSORPABSORPTIONTION

FACILITATED
DIFFUSION

FACILITFACILITATEDATED
DIFDIFFUSIONFUSION

D-XYLOSEDD--XYLXYLOSEOSE

PASSIVE DIFFUSION
TRANSCELULAR

PAPASSSIVSIVEE DIDIFFFFUSIONUSION
TRANSCELULATRANSCELULARR

GLUCOSEGLUGLUCOSECOSE

ORAL ADMINISTRATION - LACTULOSE 10g MANNITOL 2g XYLOSE 2g 
5 HOUR COLLECTION OF URINE, DETERMINATION OF CONCENTRATIONS
INDEX CALCULATION LA/MA, LA/XY

ORALORAL ADMINISTRATIONADMINISTRATION -- LACTULOSE 10g MANNITOLLACTULOSE 10g MANNITOL 2g XYLOSE 2g 2g XYLOSE 2g 
5 5 HOUR COLLECTIONHOUR COLLECTION OF URINE,OF URINE, DETERMINATIONDETERMINATION OFOF CONCENTRATIONSCONCENTRATIONS
INDEX INDEX CALCULATION LACALCULATION LA//MAMA,, LALA//XYXY

Assessment of intestinal permeability: enzymatic determination 
of urinary mannitol, raffinose, sucrose and lactose on Hitachi analyzer.

Hessels J. et al. - Clin Chem Lab Med. 2003;41:33-38

Assessment of intestinal permeabilityAssessment of intestinal permeability:: enzymatic determination enzymatic determination 
of urinary mannitolof urinary mannitol,, raffinoseraffinose,, sucrose and lactosesucrose and lactose onon Hitachi analyzerHitachi analyzer..

HesselsHessels J.J. et alet al. . -- Clin Chem LabClin Chem Lab Med. 2003;41:33Med. 2003;41:33--3838

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/
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MALABSORPTION-MALDIGESCE-MALASIMILATION
GIT FUNCTIONS

EXAMINATION METHODS
COELIAC DISEASE - GLUTEN ENTEROPATHY

LACTOSE INTOLERANCE
PANCREATIC INSUFFICIENCY

SMALL INTESTINAL BACTERIAL OVERGROWTH

MALABSORPTIONMALABSORPTION--MALDIGESCEMALDIGESCE--MALASIMILATIONMALASIMILATION
GIT GIT FUNCTIONSFUNCTIONS

EXAMINATION METHODSEXAMINATION METHODS
COELIAC DISEASECOELIAC DISEASE -- GLUTEN GLUTEN ENTEROPATHENTEROPATHYY

LACTOSELACTOSE INTOLERANCEINTOLERANCE
PANCREATIC INSUFFICIENCYPANCREATIC INSUFFICIENCY

SMALL INTESTINAL BACTERIAL OVERGROWTHSMALL INTESTINAL BACTERIAL OVERGROWTH



LIFELONG DISEASE, PERMANENT GLUTEN INTOLERANCE

GENETIC FACTOR IS HLA-B8, HLA-DR3 and HLADQ2 

GLIADIN PEPTIDES ARE THE TRIGGERING FACTOR 

IMMUNOLOGICAL RESPONSE, AUTOIMMUNE CHARACTER 

DAMAGE TO THE MUCOSA OF THE SMALL INTESTINE 

MANIFESTATIONS OF MALABSORPTION SYNDROME

THE ANSWER TO A GLUTEN-FREE DIET

LIFELONG DISEASE, PERMANENT GLUTEN INTOLERANCE

GENETIC FACTOR IS HLA-B8, HLA-DR3 and HLADQ2 

GLIADIN PEPTIDES ARE THE TRIGGERING FACTOR 

IMMUNOLOGICAL RESPONSE, AUTOIMMUNE CHARACTER 

DAMAGE TO THE MUCOSA OF THE SMALL INTESTINE 

MANIFESTATIONS OF MALABSORPTION SYNDROME

THE ANSWER TO A GLUTEN-FREE DIET

WHAT IS CELIAC DISEASE?WHAT IS CELIAC DISEASEWHAT IS CELIAC DISEASE??

4141



ICEBERG HYPOTHESIS OF COELIAC INCIDENCEICEBERG HYPOTHESISICEBERG HYPOTHESIS OFOF COELIACCOELIAC INCIDENCEINCIDENCE

POTENTIAL CSPOTENTIAL CS

LATENT CSLATENT CS

SILENT CSSILENT CS

CLINICAL CSCLINICAL CS

HLA DQw2, IEL,   γ/δ IELHLA DQw2HLA DQw2,, IELIEL,   ,   γ/δγ/δ IELIEL

NORMAL MUSOCA, + MARKERYNORMNORMAALL MUSOCAMUSOCA, +, + MARKERYMARKERY

MUCOSAL DEFECT, ASYMPTOMATICMUCOSAL DEFECTMUCOSAL DEFECT,, ASYMPTOMATICASYMPTOMATIC

CLINICAL Dg.CCLINICLINICALAL Dg.Dg.

HISTOLOGY Dg.HISTOLOGYHISTOLOGY Dg.Dg.

SEROLOGY Dg.SEROLOGSEROLOGY Y Dg.Dg.

4242

TRANSIENT CSTRANSIENT CS

ATYPICAL CSATYPICAL CS

(N(NONON CSCS))

INCIDENCE 1:1000INCIDENCE 1:1000INCIDENCE 1:1000

INCIDENCE 1:200INCIDENCE 1:200INCIDENCE 1:200

INCIDENCE 1:100INCIDENCE 1:100INCIDENCE 1:100
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tTG

DEAMIDATION

GASTRIC, PANCREATIC
PEPTIDASES, PROLYL-ENDOPEPTIDASES

CD4+ T-CELL

TH1-CELL
TH2-CELL

B-CELL

TISSUE
TRANSGLUTAMINASE

M.CELLS

INFLAMMATION

MESENCHYMAL
CELLS

COELIAC
VILLUS ATROPHY

COELIAC
CRYPT HYPERTROPHYANTIBODIES

IL2, γIFN, TNFIL 4,5,10

GLIADINE

33-mer PEPTIDE WHEAT

Acc: Mowat AT, Lancet 2003, 361: 1290AccAcc: : MowatMowat AT, Lancet 2003, 361: 1290AT, Lancet 2003, 361: 1290

19-mer PEPTIDE

Zonulin
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NORMAL 
MUCOSA 
NORMAL NORMAL 
MUCOSA MUCOSA 

FLAT, ATROPHIC
MUCOSA

FLATFLAT,, ATROPHICATROPHIC
MUCOSAMUCOSA

enterocytes enterocytes enterocytes 

mucous villi mucous villi mucous villi 

enterocytes 
missing

enterocytes enterocytes 
missingmissing

mucous villi
missing

mucous villimucous villi
missingmissing

crypt hyperplasiscrypt hyperplasiscrypt hyperplasis

COELIAC DIAGNOSIS - HISTOLOGYCOELIAC DIAGNOSISCOELIAC DIAGNOSIS -- HISTOLOGYHISTOLOGY
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NORMAL MUCOSANORMNORMAL MUCOSAAL MUCOSA

TOTAL ATROPHYTTOTOTAALL ATROATROPHYPHY

NEGATIVE ANTIBODIESNEGATIVE ANTIBODIESNEGATIVE ANTIBODIES

POSITIVE ANTIBODIESPOPOSSITIVITIVE ANTIBODIESE ANTIBODIES

HEALTHY SUBJECT
TREATED COELIAC
HEALTHY SUBJECTHEALTHY SUBJECT
TREATED COELIACTREATED COELIAC

FLORID COELIAC
UNTREATED

FLORID COELIACFLORID COELIAC
UNTREATEDUNTREATED

GLUTEN FREE DIET (GFD) - SCREENING & DIAGNOSTICS GLUTENGLUTEN FREEFREE DIETDIET (GFD)(GFD) -- SCREENING & DIAGNOSTICS SCREENING & DIAGNOSTICS 

TREATED COELIAC ?
OTHER AUTOIMMUNITY ?

TREATED TREATED CCOOELIAELIAC C ??
OTHER OTHER AUTOIAUTOIMMMUNITMUNITYY ??
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WHEAT    RYE      BARLEY    OATS  RICE    SORGHUM   MILLET   MAIZEWHEAT    RYE      BARLEY    OATS  RICE    SORGHUM   MILLET   MAIWHEAT    RYE      BARLEY    OATS  RICE    SORGHUM   MILLET   MAIZEZE
GLIADIN SECALIN HORDEIN AVENIN                                  ZEINGLIADIN SECALIN HORDEIN AVENIN                                  GLIADIN SECALIN HORDEIN AVENIN                                  ZEINZEIN

DECREASING PATOGENICITY FOR CS 

T cell receptorT cell receptorT cell receptor

DQ2 moleculeDQ2 moleculeDQ2 molecule

DECREASING TEST SENSITIVITY 
mAb

Gliadin
standard

mAbmAb
GliadinGliadin

standardstandard

GLUTEN FREE DIET - CEREALSGLUTENGLUTEN FREEFREE DIET DIET -- CEREALSCEREALS
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MALABSORPTION-MALDIGESCE-MALASIMILATION
GIT FUNCTIONS

EXAMINATION METHODS
COELIAC DISEASE - GLUTEN ENTEROPATHY

LACTOSE INTOLERANCE
PANCREATIC INSUFFICIENCY

SMALL INTESTINAL BACTERIAL OVERGROWTH

MALABSORPTIONMALABSORPTION--MALDIGESCEMALDIGESCE--MALASIMILATIONMALASIMILATION
GIT GIT FUNCTIONSFUNCTIONS

EXAMINATION METHODSEXAMINATION METHODS
COELIAC DISEASECOELIAC DISEASE -- GLUTEN GLUTEN ENTEROPATHENTEROPATHYY

LACTOSELACTOSE INTOLERANCEINTOLERANCE
PANCREATIC INSUFFICIENCYPANCREATIC INSUFFICIENCY

SMALL INTESTINAL BACTERIAL OVERGROWTHSMALL INTESTINAL BACTERIAL OVERGROWTH
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β-D-galactoseββ--DD--galactosegalactose

O
CH2OH

H
H

OH

H

OH

OH

H H OH

O
CH2OH

H
H

H

OH

OH

H

H
O

O
CH2OH

H
H

OH

H

OH

OH

H H OH

O
CH2OH

H
H

H

OH

OH

H

H
O111 444

α-D-glucoseαα--DD--glucoseglucose

LACTASELACTASELACTASE

LACTASE INTOLERANCELACTASE INTOLERANCE

DISACCHARIDE - LACTOSE IS HYDROLYZED
INTESTINAL DISACCHARIDASE

DISACCHARIDEDISACCHARIDE -- LACTOSE IS HYDROLYZEDLACTOSE IS HYDROLYZED
INTESTINAL DISACCHARIDASEINTESTINAL DISACCHARIDASE
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HISTOCHEMICAL EVIDENCE
ACTIVITIES OF LACTASE IN THE 
BRUSH BORDER OF THE ENTEROCYTE
IMMUNOHISTOCHEMICAL DETECTION

HISTOCHEMICAL HISTOCHEMICAL EVIDENCEEVIDENCE
ACTIVITIESACTIVITIES OF OF LACTASELACTASE IN THE IN THE 
BRUSHBRUSH BORDERBORDER OFOF THE ENTEROCYTETHE ENTEROCYTE
IMMUNOHISTOCHEMICAL DETECTIONIMMUNOHISTOCHEMICAL DETECTION

MODERN RAPID TEST
DETECTION OF LACTASE ACTIVITY
CHROMOGENIC METHOD

MODERNMODERN RAPID TESTRAPID TEST
DETECTIONDETECTION OFOF LACTASE ACTIVITYLACTASE ACTIVITY
CHROMOGENIC METHODCHROMOGENIC METHOD

DIAGNOSIS OF LACTASE INTOLERANCEDIAGNOSIS OF LACTASE INTOLERANCE



5500
Hogenauer C, Hammer H.F., Mellitzer K. et al.: Evaluation of a new DNA test 
compared with the lactose hydrogen breath test for the diagnosis of lactase 

non-persistence. Eur.J.Gastro.Hepato. 2005, 17:371–376

HogenauerHogenauer C,C, HammerHammer H.F.,H.F., MellitzerMellitzer KK. et al.: . et al.: Evaluation ofEvaluation of aa newnew DNA test DNA test 
compared with the lactose hydrogen breathcompared with the lactose hydrogen breath test fortest for the diagnosis of lactase the diagnosis of lactase 

nonnon--persistencepersistence. . EurEur..JJ..GastroGastro..HepatoHepato.. 2005, 17:3712005, 17:371––376376

PCR DETECTION
13910 T/C POLYMORPHISM

CORRELATION
WITH H2-BREATH TEST

PCR DETECTIONPCR DETECTION
13910 T/C 13910 T/C POLYMORPHISMPOLYMORPHISM

CORRELATIONCORRELATION
WITHWITH H2H2--BREATHBREATH TESTTEST

GENOTYPES 13910
CC - LACTOSE INTOLERANCE
TC, TT - LACTOSE TOLERANCE

GENOTYPES GENOTYPES 1391013910
CCCC -- LACTOSE LACTOSE INTOLERANCEINTOLERANCE
TCTC,, TTTT -- LACTOSELACTOSE TOLERANCETOLERANCE

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/


13C/2H-glucose
ratio 

(mean 45 - 75 min) 
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New trends in laboratory methods for intestinal 
digestion and absorption

Frans Stellaard, University Medical Center Groningen,
The Netherlands

VIIth Czech National Congress of Clinical Biochemistry, 
Olomouc, 11-13.9.2005

New trends in laboratory methodsNew trends in laboratory methods forfor intestinal intestinal 
digestion and absorptiondigestion and absorption

FransFrans StellaardStellaard, University, University MedicalMedical CenterCenter GroningenGroningen,,
The NetherlandsThe Netherlands

VIIth Czech National Congress of Clinical BiochemistryVIIth Czech National Congress of Clinical Biochemistry, , 
Olomouc, 11Olomouc, 11--13.9.200513.9.2005

LACTOSE 13C / 2H - GLUCOSE TESTLACTOSE LACTOSE 1313CC / / 22H H -- GLUCOSEGLUCOSE TESTTEST

5151

ORAL ADMINISTRATION OF SUGARS
25 g 13C-lactose + 0.5 g 6,6-2H2-glucose
BLOOD COLLECTION - 45, 60, 75 min
DETERMINATION IN PLASMA
13C-glucose enrichment - GC/IRMS
2H2-glucose enrichment - GC/MS
CALCULATION OF THE LDI INDEX
(Lactose Digestion Index)

ORAL ADMINISTRATION OF SUGARSORAL ADMINISTRATION OF SUGARS
25 g 25 g 1313CC--lactose + 0.5 g 6,6lactose + 0.5 g 6,6--22HH22--glucoseglucose
BLOOD COLLECTION BLOOD COLLECTION -- 45, 60, 75 min45, 60, 75 min
DETERMINATION IN PLASMADETERMINATION IN PLASMA
1313CC--glucose enrichment glucose enrichment -- GC/IRMSGC/IRMS
22HH22--glucose enrichment glucose enrichment -- GC/MSGC/MS
CALCULATION OF THE LDI INDEXCALCULATION OF THE LDI INDEX
(Lactose Digestion Index)(Lactose Digestion Index)

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


COMBINED LDI - SAT INDEXCOMBINED LDICOMBINED LDI -- SATSAT INDEXINDEX

5252
Combined LDI/SAT test to evaluate intestinal lactose digestion and mucosa 

permeability. Koetse HA, Klaassen D, … Stellaard F.
Eur J Clin Invest. 2006; 36(10): 730 - 736

Combined LDICombined LDI//SATSAT test totest to evaluate intestinal lactose digestionevaluate intestinal lactose digestion and mucosa and mucosa 
permeabilitypermeability.. KoetseKoetse HA,HA, KlaassenKlaassen D, D, …… StellaardStellaard F.F.

EurEur JJ Clin InvestClin Invest. 2006; 36(10): 730 . 2006; 36(10): 730 -- 736736

LDI: 25 g 13C-lactose + 0.5 g 6,6-
2H2-glucose 

13C-glucose enrichment
GC/C/IRMS;

2H2-glucose enrichment
GC/MSSAT: 

5 g lactulose, 1 g L-rhamnose; 
sugar level in urine

GC

LDI: 25 g LDI: 25 g 1313CC--lactose + 0.5 g 6,6lactose + 0.5 g 6,6--
22HH22--glucose glucose 

1313CC--glucose enrichmentglucose enrichment
GC/C/IRMS;GC/C/IRMS;

22HH22--glucose enrichmentglucose enrichment
GC/MSSAT: GC/MSSAT: 

5 g lactulose, 1 g L5 g lactulose, 1 g L--rhamnose; rhamnose; 
sugar level in urinesugar level in urine

GCGC

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/
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MALABSORPTION-MALDIGESCE-MALASIMILATION
GIT FUNCTIONS

EXAMINATION METHODS
COELIAC DISEASE - GLUTEN ENTEROPATHY

LACTOSE INTOLERANCE
PANCREATIC INSUFFICIENCY

SMALL INTESTINAL BACTERIAL OVERGROWTH

MALABSORPTIONMALABSORPTION--MALDIGESCEMALDIGESCE--MALASIMILATIONMALASIMILATION
GIT GIT FUNCTIONSFUNCTIONS

EXAMINATION METHODSEXAMINATION METHODS
COELIAC DISEASECOELIAC DISEASE -- GLUTEN GLUTEN ENTEROPATHENTEROPATHYY

LACTOSELACTOSE INTOLERANCEINTOLERANCE
PANCREATIC INSUFFICIENCYPANCREATIC INSUFFICIENCY

SMALL INTESTINAL BACTERIAL OVERGROWTHSMALL INTESTINAL BACTERIAL OVERGROWTH



EXOCRINE PANCREATIC INSUFFICIENCY - PEIEXOCRINE PANCREATIC INSUFFICIENCYEXOCRINE PANCREATIC INSUFFICIENCY -- PEIPEI

5454
Alkaade S, Vareedayah AA. A primer on exocrine pancreatic insufficiency, fat

malabsorption, and fatty acid abnormalities. Am J Manag Care. 2017; 23: S203-S209.
Alkaade S, Vareedayah AA. A primer on exocrine pancreatic insuffAlkaade S, Vareedayah AA. A primer on exocrine pancreatic insufficiency, faticiency, fat

malabsorption, and fatty acid abnormalities. Am J Manag Care. 20malabsorption, and fatty acid abnormalities. Am J Manag Care. 2017; 23: S20317; 23: S203--S209.S209.

Causes of exocrine pancreatic insufficiency - EPI

Chronic pancreatitisChronic pancreatitis -- the mainthe main causecause of EPIof EPI

Cystic fibrosisCystic fibrosis

Pancreatic duct obstructionPancreatic duct obstruction (tumor,(tumor, lithiasislithiasis))

Celiac diseaseCeliac disease,, Crohn's diseaseCrohn's disease,, SchwachmanSchwachman--DiamondDiamond syndromesyndrome

PostoperativePostoperative status (status (gastrectomygastrectomy,, gastric bypassgastric bypass,, TS operationTS operation))

Inactivation of pancreatic enzymesInactivation of pancreatic enzymes ((low pHlow pH),), ZollingerZollinger--EllisonEllison syndromesyndrome

DiabetesDiabetes mellitusmellitus

http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
http://www.azi.cz/
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CHRONIC PANCREATITIS DIAGNOSTICSCHRONICCHRONIC PANPANCCREATITREATITIS DIAGNOSTICSIS DIAGNOSTICS

EUSEUS ERCPERCP MRCPMRCP

SENSITIVITSENSITIVITYY 56% (4056% (40--72)72) 72% (5872% (58--86)86) 54% (4454% (44--64)64)

SPECIFICITSPECIFICITYY 81% (6881% (68--95)95) 75% (6075% (60--90)90) 78% (7278% (72--83)83)

Diagnostic imaging for mild chronic pancreatitisDiagnostic imaging for mild chronic pancreatitis
Endoscopic ultrasound (EUS)Endoscopic ultrasound (EUS)

Endoscopic retrograde cholangiopancreatography (ERCP) Endoscopic retrograde cholangiopancreatography (ERCP) 
Magnetic resonance cholangiopancreatography (MRCP)Magnetic resonance cholangiopancreatography (MRCP)

Diagnosis of mild chronic pancreatitis (Cambridge classification)
Sai JK, Suyama M, Kubokawa Y, Watanabe S.

World J Gastroenterol 2008 February 28; 14(8): 1218 - 1221
Researchers Test the Value of ERPC for the Detection of Early Chronic Pancreatitis

Frei R. - Gastroent.Endoscop.News 2007, 58, 02

Diagnosis of mild chronic pancreatitisDiagnosis of mild chronic pancreatitis (Cambridge(Cambridge classificationclassification))
Sai JKSai JK,, SuyamaSuyama M,M, KubokawaKubokawa Y,Y, WatanabeWatanabe S.S.

WorldWorld JJ GastroenterolGastroenterol 20082008 FebruaryFebruary 28; 14(8): 1218 28; 14(8): 1218 -- 12211221
ResearchersResearchers TestTest the Value of ERPCthe Value of ERPC forfor the Detection of Early Chronic Pancreatitisthe Detection of Early Chronic Pancreatitis

FreiFrei R. R. -- GastroentGastroent..EndoscopEndoscop..NewsNews 2007, 58, 022007, 58, 02

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


5656

Manfredi, R., Perandini, S., Mantovani, W. et al. Quantitative MRCP assessment 
of pancreatic exocrine reserve and its correlation with faecal elastase-1 
in patients with chronic pancreatitis. Radiol med 117, 282–292 (2012). 

Manfredi, R., Perandini, S., Mantovani, W. et al. Quantitative MManfredi, R., Perandini, S., Mantovani, W. et al. Quantitative MRCP assessment RCP assessment 
of pancreatic exocrine reserve and its correlation with faecal eof pancreatic exocrine reserve and its correlation with faecal elastaselastase--1 1 
in patients with chronic pancreatitis. Radiol med 117, 282in patients with chronic pancreatitis. Radiol med 117, 282––292 (2012). 292 (2012). 

MRCP - SECRETION VOLUME
MATHEMATICAL PROCEDURE
PANCREATIC FUNCTION TEST

MRCP MRCP -- SESECCRERETION VOLUMETION VOLUME
MATHEMATICAL PROCEDUREMATHEMATICAL PROCEDURE
PANPANCCREATIC FUNCREATIC FUNCTION TESTTION TEST

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/
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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 at the time of diagnosisbe performed at the time of diagnosis??
StatementStatement 33--88.. Every patient withEvery patient with aa new diagnosis of CP new diagnosis of CP 
should be screenedshould be screened forfor PEIPEI. (Grade 1A,. (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)

WhichWhich testtest is clinically indicated is clinically indicated 
forfor diagnosing exocrine pancreatic insufficiencydiagnosing exocrine pancreatic insufficiency ((PEIPEI) ?) ?

StatementStatement 33--66.. InIn aa clinical settingclinical setting,, aa nonnon--invasive pancreatic functioninvasive pancreatic function test test 
((PFTPFT)) should be performedshould be performed.. TheThe FEFE--1 test1 test is feasible and widely available and is feasible and widely available and 

is thereforeis therefore mostmost frequently used in this settingfrequently used in this setting,, while the while the 13C mixed triglyceride13C mixed triglyceride
breathbreath test (test (13C13C--MTGMTG--BTBT)) offers an alternativeoffers an alternative.. TheThe ss--MRCPMRCP testtest may also be may also be 

usedused asas an indicator of PEI but provides only semiquantitativean indicator of PEI but 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)

LLööhr M. hr M. -- HaPanEU/UEG Working GroupHaPanEU/UEG Working Group, , UEG Journal, 2017, Vol. 5(2) 153UEG Journal, 2017, Vol. 5(2) 153––199199
United European Gastroenterology evidence based guidelines for tUnited European Gastroenterology evidence based guidelines for the diagnosis he diagnosis 

and therapyand therapy of chronic pancreatitis (HaPanEU)of chronic pancreatitis (HaPanEU)

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)

IsIs aa pancreatic functionpancreatic function testtest requiredrequired forfor the diagnosis of CPthe diagnosis of CP??
StatementStatement 33--77.. AA functionfunction testtest is requiredis required forfor the diagnosis of CPthe diagnosis of CP..

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

EXOCRINE PANCREAS INSUFFICIENCY GUIDELINES EXOCRINE PANCREAS INSUFFICIENCY GUIDELINES EXOCRINE PANCREAS INSUFFICIENCY GUIDELINES 

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/
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PANCREATIC ENZYMES
pH OPTIMUM

PANCREATIC ENZYMESPANCREATIC ENZYMES
pHpH OPTIMUMOPTIMUM Centroacinar

cells
CentroacinarCentroacinar

cellscells
α - AMYLASE

LIPASE
PHOSPHOLIPASE A2
PHOSPHOLIPASE B

ELASTASE
TRYPSIN

CHYMOTRYPSIN
CARBOXYPEPTIDASE

CALICREINS

αα -- AMYLAMYLASEASE
LIPLIPASEASE

PHPHOSOSPHPHOLIPOLIPASEASE AA22
PHPHOSOSPHPHOLIPOLIPASEASE BB

ELASTELASTASEASE
TRYPSINTRYPSIN

CHYMOTRYPSINCHYMOTRYPSIN
CCARBOXYPEPTIDARBOXYPEPTIDASEASE

CCALIALICCREINREINSS

6.5 -7.2
7 - 9

5.8 -7.7
6

8.6
7 - 9

7.5 - 8.5
7.5 - 7.8

7 - 8

6.5 6.5 --7.27.2
7 7 -- 99

5.8 5.8 --7.77.7
66

8.68.6
7 7 -- 99

7.5 7.5 -- 8.58.5
7.5 7.5 -- 7.87.8

7 7 -- 88

EXOCRINE PANCREAS
SECRETORY ACINS

EXOCRINE PANCREAS
SECRETORY ACINS

EXOCRINE PANCREAS
SECRETORY ACINS

EXOCRINE PANCREAS
SECRETORY ACINS
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EXOCRINE PANCRAETIC FUNCTION TESTSEXOEXOCCRINRINEE PANPANCCRAETRAETIC FUNCTION TESTSIC FUNCTION TESTS

WITHOUT 
STIMULATION

WITHOUT WITHOUT 
STIMULATIONSTIMULATION

FECAL
ELASTASE

FECALFECAL
ELASTASEELASTASE

INDIRECT
STIMULATION

INDIRECTINDIRECT
STIMULATIONSTIMULATION STIMULATING

MEAL
STIMULASTIMULATINGTING

MEALMEAL SUBSTRATESUBSTRSUBSTRATEATE

SECRETORY CAPACITY
GRADING CHP

SECRETORY CAPACITYSECRETORY CAPACITY
GRADING CHPGRADING CHP

DIGESTIVE FUNCTION
OF (LIPID) DIGESTION
DIGESTIVE FUNCTIONDIGESTIVE FUNCTION
OF (LIPID)OF (LIPID) DIGESTIONDIGESTION

250mg
13C-MTG
250mg250mg

1313CC--MTGMTG

MAIZE BREAD
20g FAT

MAIZE BREADMAIZE BREAD
20g 20g FATFAT

PANCREATIC
LIPASE

PANPANCCREATICREATIC
LIPLIPASEASE

SUBSTITUTION
THERAPY

SUBSTITSUBSTITUTIONUTION
TTHHERAPERAPYY

PERORAL ADMINISTRATIONPERORAL ADMINISTRATIONPERORAL ADMINISTRATION

DRUG
LIPASE
DRUGDRUG

LIPLIPASEASE

13C-MARKER
ANALYSIS

1313CC--MARKERMARKER
ANALYSISANALYSIS



BEST PRACTICE RECOMMENDATION 4: 

The stool elastase test is the most appropriate initial test and must be 
performed on a semi-solid or solid stool sample. A stool elastase level <100 
mg/g stool provides good evidence of EPI and levels of 100–200 mg/g are
indeterminate for EPI.

BEST PRACTICE RECOMMENDATION 5:

Stool elastase testing can be performed during pancreatic enzyme
replacement therapy

BEST PRACTICE RECOMMENDATIONBEST PRACTICE RECOMMENDATION 4: 4: 

The stool elastaseThe stool elastase testtest is theis the mostmost appropriate initialappropriate initial testtest and must be and must be 
performedperformed on aon a semisemi--solidsolid oror solidsolid stool samplestool sample. A. A stool elastase levelstool elastase level <100 <100 
mg/gmg/g stool provides goodstool provides good evidenceevidence of EPI and levels ofof EPI and levels of 100100––200 mg/g are200 mg/g are
indeterminateindeterminate forfor EPIEPI..

BEST PRACTICE RECOMMENDATIONBEST PRACTICE RECOMMENDATION 5:5:

Stool elastase testing can be performed Stool elastase testing can be performed during pancreaticduring pancreatic enzymeenzyme
replacement therapyreplacement therapy

Whitcomb DC, Buchner AM, Forsmark CE. AGA Clinical Practice Update on the 
Epidemiology , Evaluation, and Management of Exocrine Pancreatic Insufficiency: 

Expert Review. Gastroenterology. 2023 Sep 20

Whitcomb DCWhitcomb DC,, Buchner AMBuchner AM,, Forsmark CEForsmark CE. AGA. AGA Clinical PracticeClinical Practice Update onUpdate on the the 
EpidemiologyEpidemiology ,, EvaluationEvaluation,, andand ManagementManagement of Exocrine Pancreatic Insufficiencyof Exocrine Pancreatic Insufficiency: : 

ExpertExpert ReviewReview.. GastroenterologyGastroenterology. 2023. 2023 SepSep 2020

AGA CLININAL PRACTICE – UPDATE 2023AGA CLININAL PRACTICE AGA CLININAL PRACTICE –– UPDATE 2023UPDATE 2023
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CELA3BCELA3B

Tóth AZ, Szabó A, Hegyi E, Hegyi P, Sahin-Tóth M. Detection of human 
elastase isoforms by the ScheBo Pancreatic Elastase 1 Test. 

Am J Physiol Gastrointest Liver Physiol. 2017; 312(6): G606-G614

TTóóth AZth AZ,, SzabSzabóó A,A, HegyiHegyi E,E, HegyiHegyi P,P, SahinSahin--TTóóthth M.M. Detection of human Detection of human 
elastase isoformselastase isoforms byby the ScheBo Pancreatic Elastasethe ScheBo Pancreatic Elastase 1 Test. 1 Test. 

AmAm JJ Physiol Gastrointest Liver PhysiolPhysiol Gastrointest Liver Physiol. 2017; 312(6): G606. 2017; 312(6): G606--G614G6146611

PANCREATIC ELASTASE IN THE STOOLPANCREATIC ELASTASPANCREATIC ELASTASEE IN THE IN THE STOOLSTOOL

ELISAELISA -- TWO DIFFERENT METHODSTWO DIFFERENT METHODS::
MONOCLONAL ANTIBODYMONOCLONAL ANTIBODY
AGAINST ELA1AGAINST ELA1 ((ENTIRE1ENTIRE1))
POLYCLONAL ANTIBODYPOLYCLONAL ANTIBODY

AGAINST ELA3AAGAINST ELA3A,3B (,3B (ENTIRE3AENTIRE3A,B),B)
NORMAL VALUESNORMAL VALUES > 200 > 200 μμg/gg/g



Schneider A, Funk B, Caspary W, Stein J.: Monoclonal versus Polyclonal ELISA 
for Assessment of Fecal Elastase Concentration: Pitfalls of a New Assay.

Clinical Chemistry 2005: 51/6, 1052-1054

Schneider A,Schneider A, FunkFunk B,B, CasparyCaspary W, Stein J.:W, Stein J.: MonoclonalMonoclonal versusversus Polyclonal ELISA Polyclonal ELISA 
forfor Assessment of Fecal Elastase ConcentrationAssessment of Fecal Elastase Concentration:: Pitfalls ofPitfalls of aa New AssayNew Assay..

Clinical ChemistryClinical Chemistry 2005: 51/6, 10522005: 51/6, 1052--105410546262

PANCREATIC ELASTASE IN STOOL – FELA x PELAPANCREATIC ELASTASPANCREATIC ELASTASEE IN IN STOOLSTOOL –– FELAFELA xx PELAPELA

2727 PEOPLE WITH CYSTIC FIBROSISPEOPLE WITH CYSTIC FIBROSIS
KREONKREON, LIPASE, 5,000, LIPASE, 5,000--10,000 U/kg/10,000 U/kg/dayday

POLYCLONALPOLYCLONAL -- pETpET -- 138 138 ±± 69 69 μμg/gg/g
MONOCLONALMONOCLONAL -- mETmET -- 4.3 4.3 ±± 9.0 9.0 μμg/gg/g

SIGNIFICANCESIGNIFICANCE p < 0.0001p < 0.0001
NORMAL VALUESNORMAL VALUES > 200 > 200 μμg/gg/g
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DETERMINATION OF ELASTASE-I IN THE STOOL AT CHPDETERMINATIONDETERMINATION OFOF ELASTASEELASTASE--II IN THE IN THE SSTOOLTOOL ATAT CHPCHP

368 STOOL SAMPLES ScheboTech ELISA ELASTASE 
1155 CONTROLS (NON-CHP), 213 CHP CLASSIFIED A-B-C-D

368 STOOL SAMPLES ScheboTech ELISA ELASTASE 368 STOOL SAMPLES ScheboTech ELISA ELASTASE 
1155 CONTROLS (NON1155 CONTROLS (NON--CHP), 213 CHP CLASSIFIED ACHP), 213 CHP CLASSIFIED A--BB--CC--DD

CHP - ACHPCHP -- AA CHP - CCHPCHP -- CCCHP - BCHPCHP -- BB CHP - DCHPCHP -- DD
1400

1200

1000

800

600

400

200

0

14001400

12001200

10001000

800800

600600

400400

200200

00 80,280,280,2

543,3543,3543,3
486,4486,4486,4

309,7309,7309,7 269,9269,9269,9
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PANCREATIC ELASTASE 1 - ELISA - VFN PRAGUEPANCREATIC ELASTASPANCREATIC ELASTASEE 1 1 -- ELISAELISA -- VFN PRAGUEVFN PRAGUE

99689968 STOOL SAMPLES EXAMINEDSTOOL SAMPLES EXAMINED, , 
FROM CHILDRENFROM CHILDREN 4068 4068 -- 40.8%40.8%

1381 1381 FELAFELA TESTTEST VALUESVALUES < 100 < 100 -- 13.5%13.5%
1897 1897 FELAFELA TEST TEST VALUVALUES < 200 ES < 200 -- 18.8%18.8%

0 5 10 15 20 250 5 10 15 20 25

DYSPEPSIADYSPEPSIA
CYSTIC FIBROSISCYSTIC FIBROSIS

PANCREATITISPANCREATITIS
ABDOMINAL PAINABDOMINAL PAIN

DIABETESDIABETES
MALABSORPTIONMALABSORPTION
BOWEL BOWEL DISEASE DISEASE 

Kocna P.: Laboratorní diagnostika exokrinní funkce pankreatu. 
Klin. Biochem. Metab. 2020, 28 (49)/4; 150-160

Kocna P.: LaboratornKocna P.: Laboratorníí diagnostika exokrinndiagnostika exokrinníí funkce pankreatu. funkce pankreatu. 
Klin. Biochem. Metab. 2020, 28 (49)/4; 150Klin. Biochem. Metab. 2020, 28 (49)/4; 150--160160
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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



13C- MIXED TRIGLYCERIDE - 13C-MTG BREATH TEST1313CC-- MMIXED TRIGLYCERIDE IXED TRIGLYCERIDE -- 1313CC--MMTG TG BREATHBREATH TESTTEST

6666

peroral
adminitration

peroralperoral
adminitrationadminitration

enzymic
hydrolytic

GIT function

enzymicenzymic
hydrolytichydrolytic

GIT GIT funcfunctiontion

13C 1313C C 

absorptionabsorpabsorptiontion

13C 1313C C 

eliminationeliminaeliminationtion

measurement
of 13C/12C ratio
measurementmeasurement
of of 1313CC//1212CC ratioratio

cummulative
CO2 output

ccuummmulmulativeative
COCO22 outputoutput

cPDRcPDRcPDR

13CO2
1313COCO22

CO2 excretionCOCO22 excretionexcretion
13C-substrate1313CC--substrsubstraattee

meal = bread + fatmeal = bread + fatmeal = bread + fat
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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

13C- MIXED TRIGLYCERIDE - 13C-MTG BREATH TEST1313CC-- MMIXED TRIGLYCERIDE IXED TRIGLYCERIDE -- 1313CC--MMTG TG BREATHBREATH TESTTEST
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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 ourin our arrangementarrangement wewe serveserve
100 g100 g ofof glutengluten--free bread with free bread with 

250 mg250 mg of mixed triglyceride inof mixed triglyceride in 20 g20 g ofof margarinemargarine
breath samples at timebreath samples at time TT00 to Tto T360360 minutes afterminutes after 6060 minutesminutes

cPDRcPDR6h6h pathological belowpathological below 30% (30% (BMRBMR))

13C- MIXED TRIGLYCERIDE - 13C-MTG BREATH TEST1313CC-- MMIXED TRIGLYCERIDE IXED TRIGLYCERIDE -- 1313CC--MMTG TG BREATHBREATH TESTTEST
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13C-MTG - BREATH TEST & FELA IN STOOL13C-MTG - BREATH TEST & FELA IN STOOL

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

80,0

-50 50 150 250 350 450 550 650 750 850 950
0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

80,0

-50 50 150 250 350 450 550 650 750 850 950

CUT-OFF FELA: 200 μg/gCUTCUT--OFF FELAOFF FELA: 200 : 200 μμg/gg/g

FELA μg/gFELAFELA μμg/gg/g

CUT-OFF MTG: 30 %CUTCUT--OFF MTGOFF MTG: : 3030 %%

PATHOLOGICALPATHOLOGICALPATHOLOGICAL

100 μg/g100 100 μμg/gg/g
cPDR  MTG (%)cPDR  MTGcPDR  MTG (%)(%)

NORMALNORMALNORMAL CHP-A
CHP-B
CHP-C
CHP-D
NON-CHP

CHPCHP--AA
CHPCHP--BB
CHPCHP--CC
CHPCHP--DD
NONNON--CHPCHP

246 BREATH TESTS WITH 13C-MTG
160 CHP  - 73 CONTROLS (NON-CHP)

CONFORMITY MTG & FELA - 80.2 % (191/238) 

246 BREATH246 BREATH TESTTESTS WITHS WITH 1313CC--MTGMTG
160 CHP  160 CHP  -- 7733 CONTROLS (NONCONTROLS (NON--CHP)CHP)

CONFORMITYCONFORMITY MTGMTG && FELAFELA -- 8080.2.2 % (% (191911/238/238) ) 
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0,0
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0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

80,0

-50 50 150 250 350 450 550 650 750 850 950

CUT-OFF FELA: 200 μg/gCUTCUT--OFF FELAOFF FELA: 200 : 200 μμg/gg/g

FELA μg/gFELAFELA μμg/gg/g

CUT-OFF MTG: 30 %CUTCUT--OFF MTGOFF MTG: : 3030 %%

100 μg/g100 100 μμg/gg/g
cPDR  MTG (%)cPDR  MTGcPDR  MTG (%)(%)

NORMALNORMALNORMAL

GROUP OF 28 CHP OF FTN WITH NORMAL 
VALUES  OF BOTH PANCEATIC TESTS

FELA > 200 mg/g  MTG > 30.0 %

GROUP OF 28 CHP OF FTN WITH NORMAL GROUP OF 28 CHP OF FTN WITH NORMAL 
VALUES  OF BOTH PANCEATIC TESTSVALUES  OF BOTH PANCEATIC TESTS

FELA > 200 mg/g  MTG > 30.0 %FELA > 200 mg/g  MTG > 30.0 %

SUBSTITUTION THERARY
EXCESSED 

IN 93 % PATIENTS 

SUBSTITUTION THERARYSUBSTITUTION THERARY
EXCESSED EXCESSED 

ININ 93 %93 % PATIENTS PATIENTS 

13C-MTG - BREATH TEST & FELA IN STOOL13C-MTG - BREATH TEST & FELA IN STOOL
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40 - 120 kIU LIPASE

THERAPY OK

THERAPY OK

COMBINATION WITH PPI

THERAPY OK

MALABSORPTION
SYNDROME

OTHER SOURCES

FAILED THERAPY

PABA, PLT, 13C-MTG TEST
WITH SUBSTITUTION

FAILED THERAPY

SUBSTITUTION THERAPY

PANCREAS RESECTION

40 - 120 kIU LIPASE

THERAPY OK

THERAPY OK

COMBINATION WITH PPI

THERAPY OK

MALABSORPTION
SYNDROME

OTHER SOURCES

FAILED THERAPY

PABA, PLT, 13C-MTG TEST
WITH SUBSTITUTION

FAILED THERAPY

SUBSTITUTION THERAPY

PANCREAS RESECTION Kahl S, Malfertheiner P.
Exocrine and endocrine pancreatic 

insufficiency after pancreatic surgery.
Best Pract Res Clin Gastroenterol. 

2004 Oct;18(5):947-55.     

KahlKahl S,S, MalfertheinerMalfertheiner P.P.
Exocrine and endocrine pancreatic Exocrine and endocrine pancreatic 

insufficiency after pancreatic surgeryinsufficiency after pancreatic surgery..
Best Pract Res Clin GastroenterolBest Pract Res Clin Gastroenterol. . 

20042004 OctOct;18(5):947;18(5):947--55.     55.     
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10 mg/kg 13C-MTG
cPDR 6 hours
1100 mg/kgmg/kg 1313CC--MTGMTG
cPDR 6 hourscPDR 6 hours

13Carbon mixed triglyceride breath test
and pancreatic enzyme supplementation in cystic fibrosis

Amarri S. et al.: Archives of Disease in Childhood 1997; 76: 349–351

13Carbon mixed triglyceride breath13Carbon mixed triglyceride breath testtest
and pancreaticand pancreatic enzymeenzyme supplementation in cystic fibrosissupplementation in cystic fibrosis

AmarriAmarri S.S. et alet al.:.: Archives of Disease in ChildhoodArchives of Disease in Childhood 1997; 76: 3491997; 76: 349––351351

CF without enzyme therapy
2400 IU lipase/kg/food
4800 IU lipase/kg/food

CF without enzyme therapyCF without enzyme therapy
2400 IU lipase2400 IU lipase/kg//kg/foodfood
448800 IU lipase00 IU lipase/kg//kg/foodfood

cPDR 13CcPDR cPDR 1313CC

7272

13C- MIXED TRIGLYCERIDE - 13C-MTG BREATH TEST1313CC-- MMIXED TRIGLYCERIDE IXED TRIGLYCERIDE -- 1313CC--MMTG TG BREATHBREATH TESTTEST
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13C-breath test provides a comprehensive assessment of MTG digestive 
process - digestion of lipids

Values of cPDR 13C-MTG test are cummulative data, which includes as 
well the pancreatic function, as substitution therapy

Cut-off value of cPDR 13C-MTG test, lower limit of normals established by 
mathematical approximation is 30% 

To assess exocrine pancreatic function testing is an appropriate 
combination of 13C -MTG breath test and determination of faecal 
elastase 1, affecting various aspects

Economical benefit of exocrine pancreatic function tests is in possibility to 
exclude pancreatic substitution therapy in more than three-fourths 
patients with suspected pancreatic insufficiency.
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well the pancreatic function, as substitution therapy
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mathematical approximation is 30% 

To assess exocrine pancreatic function testing is an appropriate 
combination of 13C -MTG breath test and determination of faecal 
elastase 1, affecting various aspects

Economical benefit of exocrine pancreatic function tests is in possibility to 
exclude pancreatic substitution therapy in more than three-fourths 
patients with suspected pancreatic insufficiency.
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MALABSORPTION-MALDIGESCE-MALASIMILATION
GIT FUNCTIONS

EXAMINATION METHODS
COELIAC DISEASE - GLUTEN ENTEROPATHY

LACTOSE INTOLERANCE
PANCREATIC INSUFFICIENCY

SMALL INTESTINAL BACTERIAL OVERGROWTH
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SMALL INTESTINAL BACTERIAL OVERGROWTHSMALL INTESTINAL BACTERIAL OVERGROWTH

ENTEROCYTES DAMAGE ENTEROCYTESENTEROCYTES DAMAGE DAMAGE 

PRODUCTION OF
SHORT FATTY ACIDS
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B12 AND IRON
CONSUMPTION
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http://www1.lf1.cuni.cz/~kocna/glab/glency1.htmhttp://http://www1www1..lf1lf1..cunicuni..czcz/~/~kocnakocna//glabglab//glency1glency1..htmhtm
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Direct link to MZČR
National code
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National codeNational code

http://gelab.zde.czhttp://http://gegelalab.zde.czb.zde.cz
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