
Pancreatic Vascular Supply

Celiac trunk

Portal v.

Sup. mesenteric a.

Hepatic a.

Splenic a.
Splenic v.

Sup. mesenteric v.

Aorta

Gastroduodenal a.
Pancreatico-
duodenal a.

Pancreatic Vascular Supply



Common
bile duct

R. renal v.

Gastroduodenal a.

Inf. vena cava
S. mesenteric v.S. mesenteric a.

Aorta

L. adrenal
Spleen

Splenic
flexure

Stomach

Cross-Sectional Anatomy
L2

T10

Gall
bladder

Duodenum

Pancreas

Cross Sectional Anatomy of the Pancreas



Common

Pancreas - Variations in Ductal Anatomy

Uncommon

Variations in Ductal Anatomy



Endocrine and Exocrine Pancreas Secretion

Endocrine and Exocrine Pancreatic Secretion



Major Functional Units
Exocrine Pancreas

Secretory products
Proenzymes and enzymes

Secretory products
Water and electrolytesDuct

Acinus

Major Functional Units of the Exocrine Pancreas



Regulation

Ach

Ach
GRP
VIP

Substance P

NeurocrineEndocrine

Secretin

CCK
Secretin

Regulation of Exocrine Secretion



Regional Differences in Islet Hormones
Insulin

Glucagon

PP

Somatostatin

Insulin

Glucagon

PP

Somatostatin

Head

Tail

Regional Differences in Islet Hormones



Insular and Acinar Axis
Pancreatic Portal System (graphic)



CCK Stimulates Pancreatic Enzyme Secretion by
Neural and Hormonal Pathways

Vagal efferent

Vagal
afferent

Dorsal
vagal
complex

Food
Ach

VIP
GRP

Peptides, amino acids,
fatty acids

Circulation

CCK
I cell

Enzymes

CCK Stimulates Pancreatic Enzyme Secretion by Both Neural and Hormonal Pathways



MS Kim, et al., AJP 1979; 236:E359

Plasma
Secretin

(pg/ml)

Time (min)
-30 0 30 60 90

0
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Meal

Meal-stimulated Plasma Secretin Levels

Plasma Secretin Levels



Bicarbonate Secretion is Related to
Duodenal pH

Pancreas

HCO3
-

Secretion

7 6 5 4 3 2
Duodenal pH

4.5
Basal

Maximal

Pancreatic Bicarbonate Secretion is Related to Duodenal pH



Regulation of Pancreatic Secretion

Vagal
efferent

CCK

I-cells

S-cells
Secretin

FFA, peptides,
amino acids,

releasing
peptides

Acid, FFA,
releasing
peptides

Vagal afferent

Regulation of Pancreatic Secretion



Classes of Enzymes in Pancreatic Juice

Proteases
90%

Lipases - 2%

Amylase - 7%

Nucleases <1%

G. Scheele, et al., Gastroenterology 1981; 80:461

Classes of Pancreatic Enzymes



Site of Zymogen Activation

Trypsinogen

Zymogens

Active
enzymes

Trypsin

Enterocytes

Site of Zymogen Activation



Mechanism of Activation
Zymogen

Trypsinogen

Protease

Mechanism of Activation



Mechanism of Activation

Activation
peptide

Active
enzyme

Exposed
catalytic
domain

Trypsin

Trypsinogen

TAP

Protease

Zymogen

Mechanism of Activation



Zymogen Activation Cascade
Pancreatic Enzymes

Chymotrypsinogens Chymotrypsins

Kallikreinogen Kallikrein
Procarboxypeptidases Carboxypeptidases
Procolipases Colipases

Prophospholipases Phospholipases
Proelastase Elastase

Proprotease E Protease E
Trypsinogens Trypsins

EnterokinaseTrypsinogens

Trypsin

Zymogen Activation Cascade



Protease Actions

COOHNH2

Exopeptidases
(e.g. carboxypeptidases)

Endopeptidases
(e.g. chymotrypsin, trypsin)

Protein

Protease Actions

Pancreatic Enzymes



Luminal pH and Lipase Activity

Luminal pH And Lipase Activity

Lipase
activity

3 4 5 6 7 8
pH

Denatured
enzyme

Pancreatic Enzymes



Triglyceride Hydrolysis

Triglyceride

2-Monoglyceride

Fatty acids

TG lipase
and

Colipases
 + 2H2O  + 2H+

Trigylceride Hydrolysis

Pancreatic Enzymes



Pancreatic α-Amylase is an Endoglycosidase

Maltose

Maltotriose

α-limit-dextrins

Amylose

ProductsSubstrate

1  4
 0

1  4
 0

1  4
 0

1  4
 0

α-1,4 linkage

0

0 0

0

0

0
CH2

Amylopectin
and

Glycogen

Substrate

1  4
 0

1  4
 0

1  4
 0

 0

 0

 6CH2

 0
α-1,6

linkage

Pancreatic α-amylase is an Endoglycosidase

Pancreatic Enzymes



Coupled Water and Bicarbonate Secretion
Pancreas

Volume
of H2O

HCO3
- output

HCO3
-

H2O

Pancreatic Water and Bicarbonate Secretion



Clinical features of acute disease

Acute Pancreatitis

• Abdominal Pain
•    Pancreatic Enzymes

in Serum



Gross specimen in severe pancreatitis

Duodenum

Hemorrhage

Necrosis
Severe Pancreatitis



Alcoholic

Biliary

Idiopathic
Other

Acute Pancreatitis
Etiologies of acute pancreatitis

Etiologies



Acute Pancreatitis

Other

• Autoimmune
• Drug-induced
• Iatrogenic
• IBD-related
• Infectious
• Inherited
• Metabolic
• Neoplastic
• Structural
• Toxic
• Traumatic
• Vascular

Alcoholic

Biliary

Idiopathic

Etiologies of acute pancreatitis expanded

Etiologies



Acute Pancreatitis
Drug induced pancreatitis sorted by incidence

tetracyclinethiazidesvalproate

nitrofurantoinsulfasalazinepentamidine

minocyclinefurosemidedidanosine (DDI)

estrogens5-amino ASA6-mercaptopurine

corticosteroidsacetaminophenazathioprine

carbamazepineACE inhibitorsasparaginase

RareUncommonCommon

Drug Induced Pancreatitis Sorted by Incidence



Acute Alcohol Effects
Pancreatitis

Abnormal blood flow
and secretion

Sensitization to CCK
Zymogen activation
Cytokine generation

Toxic metabolites
Non-oxidative
Oxidative

Stimulation
of CCK and

secretin
release

Sphincter of
Oddi spasm

Potential mechanisms of alcoholic pancreatitis



Gallstone Migration
Gallstone migration



Gallstones
Acute Pancreatitis

Gallstone causing temporary obstruction of common duct

Stone
obstructing
both ducts



Gallstone Pancreatitis Mechanism

Common channel theory
Opie 1

Obstructed pancreatic duct
Opie 2

Mechanisms of gallstone pancreatitis proposed by Opie



Gallstone Pancreatitis Mechanism

Obstructed pancreatic
duct theory

Opie 2

Gallstone pancreatitis: Opie type 2 mechanism



Tests used to diagnosis acute pancreatitis

Standard Diagnostic Tests
Acute Pancreatitis

Test Sensitivity Specificity Comment

Serum enzymes high moderate >3x normal
increases
specificity

Ultrasound moderate high best for 
gallbladder stones

CT moderate high detects edema, 
calcifications,
fluid collections

CT with IV moderate high detects 
  contrast necrosis



Time Course of Enzyme Elevations
Acute Pancreatitis

Hours after onset

Fold
increase
over
normal

0 6 12 24 48 72 96
0

2

4

6

8

10

12

Lipase

Amylase

Serum levels of pancreatic enzymes in acute pancreatitis



Acute Pancreatitis

Elevated Serum Amylase

Cholangitis

Pancreatitis

Kidney stone

Intestinal
obstruction,
ischemia or
perforation

Cholecystitis

Peptic ulcer

Ectopic
pregnancy

Abdominal pain and increased serum amylase



Conditions Associated with
Hyperamylasemia and Hyperlipasemia

Amylase Lipase
Paroditis yes no
Tumors yes no
Biliary disease yes slight
Pancreatitis yes yes
Renal failure yes slight
Intestinal obstruction, yes yes
ulceration, ischemia
Ectopic pregnancy yes no
Macroamylasemia yes no
Perforated viscus yes yes

Serum amylase and lipase in different diseases



Treatment
Acute Pancreatitis

Supportive care
• Aggressive fluid and

electrolyte replacement

• Monitoring
Vital signs

Urine output

O2 saturation

Pain

• Analgesia, anti-emetics

Other treatments
• Acid suppression
• Antibiotics
• NG tube
• Nutritional support
• Urgent ERCP

Treatment Modalities for Acute Pancreatitis



Pain Management

Acute Pancreatitis

Medication  Initial dose  Frequency  Usual Dose
 Range

 Morphine  2 mg  4 hrs  2-10 mg

 Hydromorphone  0.2 mg  4 hrs  0.2-1.5 mg

 Fentanyl  25 µg  4 hrs  25-100 µg

Pain Management for Acute Pancreatitis



Resuscitation

Clinical assessment
of severity

Minimal or no
necrosis

Contrast enhanced
CT scan

Prominent
necrosis

Antibiotics for 1-2
weeks (?)

Continued fever,
organ failure,

infection

CT-guided
aspiration

Infected

Sterile

Continue antibiotics
for total of 3 wks.

Debride

Supportive
care

Supportive
care

Mild to moderate
(No early indicators
of severity and CRP

<150 mg/ml)

Severe
(Early indications of
severity are positive

and CRP >150)

Suspicion
of

pancreatic
infection

Improvement

Acute Pancreatitis: Management
Management Algorithm for Acute Pancreatitis



Chronic Pancreatitis

• Pain
• Calcification
• Pancreatic insufficiency

Features of chronic pancreatitis



Etiologies

Cystic fibrosis

Hereditary pancreatitis

Hypertriglyceridemia

Autoimmune

Tropical

Alcoholic 

Idiopathic

Other

Chronic Pancreatitis
Etiologies of chronic pancreatitis



Causes of pancreatic insufficiency without pancreatitis

* inherited

Pancreatic Insufficiency Without Pancreatitis

Pancreatic
• Cystic fibrosis *

• Pancreatic tumors

• Shwachman-Diamond 
syndrome *

• Childhood pancreatic 
atrophy *

• Johanson-Blizzard syndrome*

• Adult lipomatosis or atrophy

• Protein-calorie malnutrition

Non-pancreatic
•Mucosal disease

• ↓ CCK release
• Enterokinase deficiency *

•Gastrinoma
•Bilroth II reconstruction



Chronic Pancreatitis

Pain

Steatorrhea

Intermittent or constant
Moderate to severe
Epigastric with

radiation to back

Visible oil droplets or 
grease in stool

↑ volume, light color, 
foul odor

Symptom Features

Clinical diagnosis of chronic pancreatitis

Clinical Diagnosis



Causes of Pain

Pseudocyst

Inflammation

Neural
inflammation

Duodenal and
common duct
obstruction

Chronic Pancreatitis

Ischemia

PD
Obstruction

with Increased
PD pressure

Causes of pain in chronic pancreatitis



Chronic Pancreatitis
Proposed mechanisms of chronic pancreatitis

Proposed Pathologic Mechanisms

• Intraductal plugging and obstruction
• Direct toxins and toxic metabolites
• Oxidative stress
• Necrosis-fibrosis
• Immune

dysregulation



Proposed Necrosis-Fibrosis Sequence

Pancreatic
fibrosis

Time

Episodes of acute
pancreatitis

The necrosis-fibrosis mechanism of chronic pancreatitis



Calcification

Cytotoxic
lymphocytes

Fibrosis Decreased
blood flow

Altered protein
synthesis

Chronic Effects of Alcohol
Chronic Pancreatitis

Direct
effects

Chronic effects of ethanol on the pancreas



Alcohol: Acinar Cell Pathology

Acinar
Cell Stellate

Cell

Ethanol &
metabolites

Fibrosis

Ethanol
Acetaldehyde

Free Fatty Acids

Cytokines, ROS

Inflammation

Cellular effects of ethanol



Chronic Pancreatitis
Malabsorption in chronic pancreatitis

Lost Terminology  Deficient  Clinical
    nutrient enzymes expression

Di/triglycerides Steatorrhea Lipase,  Common
colipase

Protein/peptides Azotorrhea  Proteases  Uncommon

Starch fragments  Amylorrhea  Amylase  Rare

Malabsorption



Chronic Pancreatitis

Fat droplet

Steatorrhea in chronic pancreatitis

Steatorrhea

• Decreased concentration of 
lipase and colipase

•    Duodenal pH
• Inactivation of pancreatic 

lipase pH<4.5

• Precipitation of bile salts

MechanismsStool with
excessive fat

Sudan stain



Clinical Assessment

Chronic Pancreatitis

Presentation Order of evaluation
Pain  Imaging

 Malabsorption Imaging
Trial of pancreatic

 enzymes
Tests of pancreatic

insufficiency

Clinical assessment in chronic pancreatitis



Chronic Pancreatitis

Tests of Exocrine Function
Type Measured Assay
Stool Fat digestion and Stool fat

absorption

Stool Protease secretion Stool elastase-1 and
 chymotrypsinogen

Urine Protease secretion Pancreatolauryl 
 test

Duodenal Protease and Volume, enzymes, 
tube /  electrolyte secretion  HCO3

-

secretin-CCK
stimulation

Tests of exocrine pancreatic function



Double Lumen Tube Test

Gastric
fluid

Duodenal
fluid

Secretin test

Normal Pancreatitis Normal Pancreatitis

Sensitive and specific
Unpleasant
Time-consuming
Fluoroscopy needed
Not readily available

Volume Max [HCO3 -]

Duodenal fluid

Double lumen tube test for diagnosing exocrine pancreatic insufficiency



Chronic Pancreatitis

Nutritional Management of Exocrine
Insufficiency

Diet and exogenous enzymes
Modify fat intake
Medium chain triglycerides
Enzyme replacement

0 Coated vs uncoated
0 Acid suppression

Vitamins, supplements
Fat soluble
Calcium
Cyanocobalamin (B12)

Nutritional management of chronic pancreatitis



Dietary Management of Exocrine Insufficiency
Chronic Pancreatitis

Issue Comment
Modifying fat intake Utility unknown

Medium chain With severe 
triglycerides insufficiency

Fat soluble vitamins Occasionally deficient
 

Cyanocobalamin (B12) Decreased
absorption but

rarely deficient*
*May develop with proton pump inhibitor use

Specific issues in the dietary management of chronic pancreatitis



Chronic Pancreatitis

Use of Pancreatic Enzyme Replacements

Issue Example
Type of preparation Uncoated, coated, microencapsulation

Enzyme content Levels of lipase vary

Enzyme dosing Timing with meal

Acid inhibition Need with uncoated preparations

Side effects Flatus, colitis, strictures

Use of pancreatic enzymes



Cobalamin (Vitamin B12) Absorption and Storage

B12
storage

HC

Portal circulation to liver

B12

B12
B12

B12 B12

IF

IF

IF

IF

HC

Terminal ileum

Intrinsic factor

Salivary haptocorrin

B12
B12 IF

Role of the pancreas in B12 absorption



Chronic Pancreatitis

H+

Intact denatured by
gastric acid

Sensitivity to Acid

Coated Uncoated

Uncoated enzyme preparations can be degraded by gastric acid



Chronic Pancreatitis

Site of Dissolution

Coated

Uncoated

Sites of dissolution for exogenous pancreatic enzymes



3-15 fold increase

Chronic Pancreatitis

Lowenfels, et al., N Engl J Med 1993; 328:1433

10

6

5

4

3

2

1

5 15 20
Years after diagnosis of

chronic pancreatitis

%
Cumulative
incidence

1160

599

244

64

Normal

Cancer

Pancreatic cancer risks in chronic pancreatitis

Pancreatic Cancer Risk



INFLAMMATORY BOWEL
DISEASES



ULCERATIVE COLITIS AND
CROHN’S DISEASE



VARIETIES OF COLITIS



CHARACTERISTIC FEATURES
OF ULCERATIVE COLITIS



ANATOMIC EXTENT OF
ULCERATIVE COLITIS



GROSS PATHOLOGY OF
ULCERATIVE COLITIS



ENDOSCOPIC SPECTRUM OF
SEVERITY



“BURNED-OUT” COLITIS



PSEUDOPOLYPS



BLEEDING



BENIGN STRICTURE



MALIGNANT STRICTURE



ACUTE AND CHRONIC
STRICTURES



MICROSCOPIC COLITIS



COLLAGENOUS COLITIS



HISTOLOGY OF
COLLAGENOUS COLITIS



LYMPHOCYTIC COLITIS



APPROACH TO DIFFERENTIAL
DIAGNOSIS OF ULCERATIVE
VERSUS CROHN’S COLITITS



RISK OF COLORECTAL
CANCER



FACTORS MODIFYING RISK OF
COLITIS-ASSOCIATED CANCER



PROTOCOL FOR
MANAGEMENT OF DYSPLASIA



EXTRAINTESTINAL
MANIFESTATIONS



OSTEOPENIA



PERIPHERAL ARTHRITIS



CENTRAL (AXIAL) ARTHRITIS



SKIN LESIONS



EYE LESIONS



ANATOMIC DISTRIBUTION



CLINICAL PATTERNS



INFLAMMATION



OBSTRUCTION



FISTULIZATION



CONFINED PERFORATION



STAGES OF PATHOLOGY



GROSS LUMINAL PATHOLOGY



GROSS SEROSAL PATHOLOGY



TRANSMURAL INFLAMMATION



DESCENDING COLON
STRICTURE



TRANSVERSE COLON
STRICTURE



ILEOSIGMOID FISTULAE



SEGMENTAL CROHN’S COLITIS



ENTERIC FISTULAE



PERIANAL FISTULAE AND
ABSCESS



DISTINGUISHING FEATURES
OF CROHN’S DISEASE



GEOGRAPHICAL PREVALENCE
OF IBD



INCREASING INCIDENCE OF
IBD



ENVIRONMENTAL RISK
FACTORS FOR IBD



ETIOLOGIC HYPOTHESES



PATHOGENESIS OF IBD



GENETIC INFLUENCE



GENETIC SUSCEPTIBILITY



ENVIRONMENTAL TRIGGERS



ROLE OF BACTERIA IN THE
PATHOGENESIS OF CHRONIC

IMMUNE MEDIATED
INTESTINAL INFLAMMATION



BALANCE OF COMMENSAL
BACTERIAL COMPONENTS



DIFFERENTIAL RESPONSE TO
NONPATHOGENIC INJURY IN
GENETICALLY SUSCEPTIBLE

VS. NORMAL HOSTS



DIFFERENTIAL RESPONSES TO
INFECTION



BALANCE OF INFLAMMATORY
MEDIATORS IN THE INTESTINE



PATHWAYS OF T
LYMPHOCYTE ACTIVATION



GOALS OF THERAPY



CONVENTIONAL DRUG
THERAPIES



ULCERATIVE COLITIS
THERAPY



CROHN’S DISEASE THERAPY



INDICES OF CROHN’S DISEASE
ACTIVITY



THE CROHN’S DISEASE
ACTIVITY INDEX (CDAI)



SULFASALAZINE



SULFASALAZINE METABOLISM



AMINOSALICYLATES



AMINOSALICYLATE
DISTRIBUTION



SULFASALAZINE VERSUS 5-
ASA THERAPY



STEROID PREPARATIONS



TOPICAL CORTICOIDS



SYSTEMIC CORTICOIDS



RESULTS OF
CORTICOSTEROID THERAPY

FOR CROHN’S DISEASE



AZATHIOPRINE AND 6-
MERCAPTOPURINE



METABOLISM OF
AZATHIOPRINE AND

6-MERCAPTOPURINE



6-MERCAPTOPURINE AND
AZATHIOPRINE AS

MAINTENANCE THERAPY IN
CROHN’S DISEASE



ROLE OF 6-MERCAPTOPURINE
IN A PEDIATRIC POPULATION



6-MERCAPTOPURINE AS
MAINTENANCE THERAPY FOR

ULCERATIVE COLITIS



ADVERSE EFFECTS OF 6-
MP/AZATHIOPRINE



CYCLOSPORINE IN ACTIVE
ULCERATIVE COLITIS



ANTIBODIES TO TNF



INFLIXIMAB FOR FISTULIZING
CROHN’S DISEASE



ADVERSE EFFECTS OF
INFLIXIMAB



EMERGING TREATMENTS FOR
IBD-2002



TESTED UNCONVENTIONAL
THERAPIES



GUIDELINES FOR PREGNANCY



NUTRITIONAL THERAPY IN IBD



NUTRITIONAL THERAPY IN IBD



META-ANALYSIS OF ENTERAL
NUTRITION AS A PRIMARY

TREATMENT OF ACTIVE
CROHN’S DISEASE



Esophagus, Stomach, And
Duodenum: Normal Anatomic

Outlines And Relationships



Esophagitis (Inflammation and
Reactive Epithelial Changes of the

Esophageal Mucosa) Has Many
Causes



Reflux Esophagitis is the
Culmination of Gastro-Esophageal

Reflux-Induced Changes in
Epithelial Cell Turnover



Esophagus: G-E Reflux -
Defenses Against Reflux-induced

Injury



Esophagus: G-E Reflux -
Symptoms and Endoscopic
Findings in Reflux are NOT

Predictive of Biopsy Findings



Esophagus: G-E Reflux - Reflux-
induced Epithelial Change Is a

Consequence Of Increased Cell
Turnover



Sequelae Of Prolonged G-E
Reflux



Barrett’s Esophagus:
Development And Anatomic

Relationships



Endoscopic Landmarks In The
GEJ Region: Normal Versus

Barrett’s (Columnar-lined)
Esophagus With Location Of
Lower Esophageal Sphincter

(LES)



Requirements For Diagnosis Of
Barrett’s Esophagus



Barrett’s Esophagus: Gross
Appearance



Barrett’s Esophagus Should Be
Suspected And Confirmed By
Biopsy When The Squamo-

columnar Junction Is Displaced Or
Highly Irregular



Columnar Epithelial Dysplasia In
Barrett’s Mucosa - Definition And

Grading



Candidal Esophagitis: Endoscopic
And Histologic Views



Herpes Simplex Esophagitis:
Gross Appearance



Pill-induced Esophagitis Occurs
Above Sites Where Transit Is

Normally Delayed



Linear Erosion And Esophagitis
Secondary To Mechanical Injury



Esophagus, Stomach, And
Duodenum: Normal Anatomic

Outlines And Relationships



Major Endocrine Cell Types Of
The Stomach And Their Products-

Immunostain Demonstrations



Gastropathy And Gastritis -
Definitions



Classification Of Gastropathy And
Gastritis



Acute Gastropathy And Gastritis -
Classification



Hemorrhagic and Erosive
Gastropathy - Endoscopy and

Histology



Aspirin Causes Loss Of Surface
Mucous Cells In Human Stomach
- Scanning Electron Micrographs



The Gastric Mucosa Is Protected
By A Multi-layered Defense



Pathogenesis Of Acute
Hemorrhagic And Erosive

Gastropathy



Chronic  H pylori  Gastritis (Long-
Term Infection): Major Features



Clinical Outcomes And Sequelae
Of  Helicobacter pylori  Infection



Prevalence Of  Helicobacter pylori
Infection In Developing Versus

Developed Countries



Helicobacter pylori : Curved
Organisms (HP) With Flagellae

Over Gastric Epithelium



Pathogenesis Of  H pylori
Gastritis



Chronic Chemical Gastropathy:
Principal Features



Erosion And Ulcer - Definitions



Upper GI Tract Ulcers Have Many
Causes



Gastro-duodenal Mucosal Integrity
is Determined By A Favorable

Balance Between Protective And
Damaging Factors



Multiple Factors Involved In
Pathogenesis Of Gastric Ulcer



Adenocarcinoma (Arrows) Arising
In Environmental Metaplastic

Atrophic Gastritis (EMAG)



H pylori And Gastric Cancer



Duodenum - Normal Anatomic
Relationships



The Role Of  H pylori In The
Pathogenesis Of Duodenal Ulcer



ACTIVE  Chronic Peptic
Duodenitis - Defining Histologic
Features (Acute Inflammation

With H  pylori Infection).



H pylori Alters Control Of Gastric
Secretion By Decreasing

Somatostatin Release



Celiac Disease Can Be
Misdiagnosed When Only The

Duodenal Bulb Is Biopsied



Prof. Dr. Dr. J. SteinProf. Dr. Dr. J. Stein
Medizinische Klinik IMedizinische Klinik I
Gastroenterologie/Hepatologie/Gastroenterologie/Hepatologie/
ErnährungsmedizinErnährungsmedizin

HepatologyHepatology

„…„…becausebecause  thethe  liverliver  isis a  a sourcesource of  of manymany  diseasesdiseases,,
And And isis a noble  a noble organorgan  thatthat  servesserves  manymany  organsorgans.,.,
Almost all of Almost all of themthem: so : so itit  sufferssuffers, , itit  isis  notnot a  a smallsmall  

sufferingsuffering, , butbut a  a gratgrat and  and manifoldmanifold  oneone““

TheophratusTheophratus  BombastusBombastus von Hohenheim, von Hohenheim,
knownknown as PARACELCUS (1493  as PARACELCUS (1493 –– 1541) 1541)
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MorphologyMorphology of  of thethe  LiverLiver BiochemistryBiochemistry and  and FunctionsFunctions of  of thethe  LiverLiver              DiseasesDiseases of  of thethe  LiverLiver

1. Bilirubin 1. Bilirubin metabolismmetabolism

2. 2. PorphyrinPorphyrin  metabolismmetabolism

3. 3. BileBile  acidacid  metabolismmetabolism

4. 4. AminoAmino  acidacid and  and proteinprotein  metabolismmetabolism

5. 5. CarbohydrateCarbohydrate  metabolismmetabolism

6. 6. LipidLipid and  and lipoproteinlipoprotein  metabolismmetabolism

7. Hormone 7. Hormone metabolismmetabolism

8. Vitamin 8. Vitamin metabolismmetabolism

10. Biotransformation and 10. Biotransformation and detoxificationdetoxification

9. 9. TraceTrace  elementselements and  and livermliverm

11. 11. AlcoholAlcohol  metabolismmetabolism

13. 13. Acid-baseAcid-base  balancebalance

=> => AboutAbout 500 separate  500 separate biochemicalbiochemical  
          processesprocesses  occuroccur  withinwithin
          oneone  singlesingle  hepatocytehepatocyte

BiochemistryBiochemistry and  and functionsfunctions of  of thethe  liverliver



MorphologyMorphology of  of thethe  LiverLiver BiochemistryBiochemistry and  and FunctionsFunctions of  of thethe  LiverLiver              DiseasesDiseases of  of thethe  LiverLiver

1. 1. CholestaticCholestatic  liverliver  diseasedisease

2. 2. InfectiousInfectious ( (viralviral, , bacterialbacterial, , parasiticparasitic))  liverliver  diseasedisease

3. 3. CholestaticCholestatic  liverliver  diseasedisease

4. Drug/4. Drug/alcoholalcohol (ASH/NASH)  (ASH/NASH) liverliver  damagedamage

5. 5. MetabolicMetabolic  disordersdisorders and  and storagestorage  diseasesdiseases

6. 6. AutimmuneAutimmune  hepatitishepatitis

7. 7. LiverLiver  cirrhosiscirrhosis

8. 8. BenignBenign and  and malignantmalignant  liverliver  tumourstumours

9. 9. BileBile  ductduct  diseasesdiseases ( (i.ei.e. . GallGall  stonesstones))

DiseasesDiseases of  of thethe  liverliver
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CholestaticCholestatic  liverliver  diseasesdiseases



MorphologyMorphology of  of thethe  LIverLIver BiochemistryBiochemistry and  and FunctionsFunctions of  of thethe  LiverLiver                    DiseasesDiseases of  of thethe  LiverLiver

Bilirubin Bilirubin metabolismmetabolism



MorphologyMorphology of  of thethe  LIverLIver BiochemistryBiochemistry and  and FunctionsFunctions of  of thethe  LiverLiver                    DiseasesDiseases of  of thethe  LiverLiver

Bilirubin Bilirubin metabolismmetabolism



MorphologyMorphology of  of thethe  LiverLiver BiochemistryBiochemistry and  and FunctionsFunctions of  of thethe  LiverLiver                    DiseasesDiseases of  of thethe  LiverLiver

PrimaryPrimary  sclerosingsclerosing  cholangitischolangitis (PSC) (PSC)

Progressive, Progressive, fibrous-stenosingfibrous-stenosing and  and obliteratingobliterating, segmental, segmental
inflammationinflammation of  of thethe  intrahepaticintrahepatic and/ and/oror  extrahepaticextrahepatic  bilebile  ductsducts
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PrimaryPrimary  sclerosingsclerosing  cholangitischolangitis (PSC) (PSC)

What´sWhat´s  thethe  PathogensesisPathogensesis of PSC ?? of PSC ??
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PrimaryPrimary  sclerosingsclerosing  cholangitischolangitis (PSC) (PSC)

              HypothesisHypothesis of  of thethe  toxictoxic  bilebile  acidacid ?? ??
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IndicativeIndicative, , evidentialevidential and  and supplementarysupplementary  oror  parametersparameters  forfor  diagnosisdiagnosis

I.I. Suggestive Suggestive factorsfactors
1. 1. SubjectiveSubjective  discomfortdiscomfort
2. Men, 20 to 45 2. Men, 20 to 45 yearsyears  oldold
3. 3. Non-smokerNon-smoker
4. Association 4. Association withwith  ulcerativeulcerative  colitiscolitis !! !!
5. 5. IncreasedIncreased  transaminasestransaminases
6. 6. HepatoHepato//splenomegalysplenomegaly

II. Definite II. Definite diagnosisdiagnosis
1. 1. ChronicChronic  cholestasischolestasis
2. 2. pANCApANCA3. 3. Non-smokerNon-smoker
4. ERCP, MRCP4. ERCP, MRCP
5. (5. (LiverLiver  biopsybiopsy))

III. III. SupplementarySupplementary  findingsfindings
=> => Laboratory Laboratory teststests

1. Bilirubin 1. Bilirubin ↑↑
2. 2. IgMIgM↑↑
3. ANA, SMA (+)3. ANA, SMA (+)
4. Serum 4. Serum coppercopper  ↑↑
5. CRP, ESR 5. CRP, ESR ↑↑
6. 6. CholinesteraseCholinesterase  ↓↓

PrimaryPrimary  sclerosingsclerosing  cholangitischolangitis (PSC) (PSC)
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PrimaryPrimary  biliarybiliary  cholangitischolangitis (PBC) (PBC)

PBC PBC isis  characterizedcharacterized  byby  chronicchronic, , non-suppurativenon-suppurative, , destractivedestractive
cholangitischolangitis (CNDC) of  (CNDC) of thethe  smallsmall and  and medium-sizedmedium-sized  bilebile  ductsducts..
TheThe cause  cause isis  notnot  knownknown !  ! CharacteristicsCharacteristics  areare::

 - in up to 95% AMA (anti-M2 positive) - in up to 95% AMA (anti-M2 positive)
 - 90%  - 90% femalefemale (40  (40 –– 45  45 yearsyears))
 - 70 -85%  - 70 -85% HypercholesterinemiaHypercholesterinemia
 - 80 %  - 80 % extrahepaticextrahepatic  manifestationsmanifestations
                        e.ge.g. . OsteopathyOsteopathy (20  (20 –– 60 %) 60 %)
 - Pruritus - Pruritus
 -  - XanthomasXanthomas
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PrimaryPrimary  biliarybiliary  cholangitischolangitis (PBC) (PBC)
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PrimaryPrimary  biliarybiliary  cholangitischolangitis (PBC) (PBC)

What´sWhat´s  thethe  PathogensesisPathogensesis of PSC ?? of PSC ??
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MetabolicMetabolic  disordersdisorders and  and storagestorage  diseasesdiseases

1. 1. Non-alcoholicNon-alcoholic  fattyfatty  liverliver  diseasedisease (NASH) (NASH)

2. 2. AminoAmino  acidacid//CarbohydrateCarbohydrate//LipidLipid  storagestorage  diseasesdiseases

4. 4. SphingolipidSphingolipid  storagestorage  diseasesdiseases

5. 5. HaemochromatosisHaemochromatosis

3. 3. PorphyriasPorphyrias

5. 5. Wilson´sWilson´s  diseasedisease
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Wilson´sWilson´s  diseasedisease
= a = a geneticallygenetically  determineddetermined, , autosomalautosomal  recessiverecessive
      coppercopper  storagestorage  diseasedisease  
      withwith a  a reducedreduced  dischargedischarge of  of coppercopper in  in thethe  bilebile
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AetiopathogenesisAetiopathogenesis

Wilson´sWilson´s  diseasedisease
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ClinicalClinical  picturespictures =>  => Kayser-Fleischer Kayser-Fleischer cornealcorneal ring ring

Wilson´sWilson´s  diseasedisease
Laboratory Laboratory findingsfindings
 -  - CerulopplasminCerulopplasmin in  in thethe  serumserum  ↓↓  (< 20 mg/dl)(< 20 mg/dl)
 -  - CopperCopper  contentcontent of  of thethe  liverliver          ↑↑  (> 250 µg/g)(> 250 µg/g)
 -  - CopperCopper in  in thethe  urineurine                                  ↑↑  (> 70 µg/(> 70 µg/dayday))
 - Free  - Free coopercooper in  in thethe  serumserum      ↑↑  (> 25 µg/dl)(> 25 µg/dl)
 -  - PencillaminetestPencillaminetest (600 mg)  +  (600 mg)  + (> 300 µg/(> 300 µg/dayday))
 - Total  - Total coppercopper in  in thethe  serumserum      ↓↓ (< 70 µg/dl) (< 70 µg/dl)
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HaemochromatosisHaemochromatosis (HC) (HC)
= a = a hereditaryhereditary  diseasedisease ( (autosomalautosomal  recessiverecessive) ) affectingaffecting  thethe iron  iron metabolismmetabolism

HeriditaryHeriditary ( (primaryprimary) ) haemochromatosishaemochromatosis
HFE-relatedHFE-related  haemochromatosishaemochromatosis
typetype 1 1 heriditaryheriditary  haemochromatosishaemochromatosis

Non-Non-HFE-relatedHFE-related  haemochromatosishaemochromatosis
typetype 2 2 Juvenile  Juvenile  haemochromatosishaemochromatosis
typetype 3 3 ItalianItalian  variantvariant
typetype 4 4 autosomalautosomal dominant form dominant form

AcquiredAcquired  (  (secondarysecondary) ) haemochromatosishaemochromatosis
- extreme iron - extreme iron intakeintake  duedue to  to dietarydietary  habitshabits
    e.ge.g. Bantu . Bantu diseasedisease  oror African iron  African iron overloadoverload
- extreme iron - extreme iron intakeintake  duedue to  to therapytherapy ( (e.ge.g. . frequentfrequent  bloodblood  transfusionstransfusions))
- - haemolyticallyhaemolytically  inducedinduced ( (e.ge.g. . thalassaemiathalassaemia))
- - metabolicallymetabolically  inducedinduced ( (e.ge.g. . tyrosaemiatyrosaemia..)..)
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HaemochromatosisHaemochromatosis (HC) (HC)
AetiopathogenesisAetiopathogenesis
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HaemochromatosisHaemochromatosis (HC) (HC)
AetiopathogenesisAetiopathogenesis
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LiverLiver  CirrhosisCirrhosis
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PossiblePossible  causescauses of  of liverliver  cirrhosiscirrhosis
1. 1. ViralViral  hepatitishepatitis
     => HBV > HBC     => HBV > HBC

2. 2. MetabolicMetabolic  disordersdisorders
     =>      => HaemochromatosisHaemochromatosis
     =>      => Wilson´sWilson´s  diseasedisease
     =>  NASH     =>  NASH

3. 3. CholestaticCholestatic  diseasesdiseases
     =>      => primaryprimary  biliarybiliary  cirrhosiscirrhosis
     =>      => primaryprimary  sclerosingsclerosing  cirrhosiscirrhosis
     =>  NASH     =>  NASH

4. 4. VenousVenous  obstructionobstruction
     =>      => veno-occlusiveveno-occlusive  diseasedisease
     =>      => Budd-ChiariBudd-Chiari  syndromesyndrome
     =>       =>  cardiaccardiac  cirrhosiscirrhosis
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Portal hypertensionPortal hypertension
PossiblePossible  causescauses of  of liverliver  cirrhosiscirrhosis
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AscitesAscites
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GallGall  stonesstones
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GallGall  stonesstones
EpidemiologyEpidemiology of Pigment and Mixed/ of Pigment and Mixed/CholesterolCholesterol Stones Stones

Pigment Pigment stonesstones
  - - increaseincrease  withwith age age
 -  - femalefemale = male = male
 -  - increasedincreased  incidenceincidence..
     =>      => HemolysisHemolysis
     =>      => biliarybiliary  infectioninfection
     =>      => AlcoholicAlcoholic  infectioninfection

Mixed/Mixed/CholesterolCholesterol  stonesstones
  - - increaseincrease  withwith age age
 -  - femalefemale > male > male
 -  - increasedincreased  incidenceincidence..
     =>      => ilealileal  diseasedisease
     =>      => cysticcystic  fibrosisfibrosis
     =>      => hyperlipoproteinämiahyperlipoproteinämia  ((typtyp IV) IV)


