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Microscopic anatomy
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Microscopic anatomy
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BIOCHEMICAL
TEST

❖ Liver injury
❖ Bile flow
❖ Endogenous metabolite



Microscopic anatomy

AST
ALT
LDH

ALP
GGT
5’NT

AST
LDH

Ammonia

Hepatocyte

CYP450



Evaluate liver injury
1. Aspartate aminotransferase (AST)
- transfer amino group from aspatate to ketoglutaric acid 

for oxaloacetic forming (substrate of Krebs cycle)
- found in cytoplasm of liver, skeletal muscle, cardiac muscle, brain, kidney, 

red blood cell, pancreas
- clearance by reticuloendothelial system (T1/2 = 17 hr.)

Evaluate liver injury



1. Aspatate aminotransferase (AST)
- transfer amino group from aspatate to ketoglutaric acid 

for oxaloacetic forming (substrate of Krebs cycle)
- found in cytoplasm and mitochondria of liver, skeletal muscle, cardiac muscle, 

brain, kidney, red blood cell, pancreas
- clearance by reticuloendothelial system (T1/2 = 17 hr.)



1. Aspatate aminotransferase (AST)
Normal value 

Age U/L

Preterm 29-59

0-14 days 32-162

15 day - 1 year 20-67

1-12 years 21-36

12-18 years     - Male
                          - Female

14-35
13-26

level does not correlate with severity of liver disease



2. Alanine aminotransferase (ALT)
- transfer amino group from alanine to ketoglutaric acid 

for pyruvic forming (substrate of Krebs cycle)
- found in cytoplasm of liver    **more specific than AST
- clearance by reticuloendothelial system (T1/2 = 47 hr.)



2. Alanine aminotransferase (ALT)
Normal value

Age U/L

Preterm 11-15

0-1 year 5-33

1-12 years 9-25

12-18 years     - Male
                          - Female

9-26
8-22

level does not correlate with severity of liver disease



3. Lactate dehydragenase (LDH)
- convert pyruvate to lactate
- found in cytoplasm and mitochondria of several organ
- elevate LDH : rhabdomyolysis, acute kidney injury, hemolysis, ischemic hepatitis, 

infection, malignancy, fracture



Evaluate liver injury
1. Aspartate aminotransferase (AST)
- transfer amino group from aspatate to ketoglutaric acid 

for oxaloacetic forming (substrate of Krebs cycle)
- found in cytoplasm of liver, skeletal muscle, cardiac muscle, brain, kidney, 

red blood cell, pancreas
- clearance by reticuloendothelial system (T1/2 = 17 hr.)

Evaluate bile flow



Normal physiology of bile flow
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Content in bile canaliculi
1. Bile acid (BA)
2. Conjugated bilirubin (CB)
3. Fluid and Electrolyte
4. ALP (regulate by BA production)
5. ATP

In bile duct
- ATP stimulate Cl transport to lumen
- Cl move to intracellular by Cl-HCO3 exchange
- pH in bile duct is increased by HCO3 in lumen
- ALP hydrolyse ATP
     → Decrease HCO3 secretion

ALP

CB
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Physiology in cholestasis
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Obstruction of bile flow
- accumulate of BA,CB in hepatocyte
- increase intracellular BA stimulate ALP 

production
- BA,CB,ALP reflux to sinusoid due to 

increased pressure in bile canaliculi



1. Alkaline phosphatase (ALP)
- hydrolyze organic phosphate ester (ATP,ADP,AMP) in bile regulation process
- found in liver (canalicular membrane), bone, small intestine, kidney, placenta, 

WBC
- ALP level in children is higher than adult due to bone growth. 

(peak at 10-15 years)
- T1/2 = 1 week



1. Alkaline phosphatase (ALP)
Normal value

Age U/L

Preterm 57-330

0-14 days 90-273

15 day - 1 year 134-518

1-10 years 156-369

10-13 years 141-460

13-15 years 127-517 (M), 92-280 (F)

15-17 years 89-365 (M), 54-128 (F)

17-19 years 59-164 (M), 48-95 (F)



Elevation of ALP
 

Physiologic Pathologic

● Pregnancy
● Adolescent
● Transient hyperphosphatemia of 

infancy
● Benign familial hyperphosphatasemia 

of intestinal origin
● Blood group O
● Macro-ALP

● Biliary tract obstruction
● Primary biliary cirrhosis
● Primary sclerosing cholangitis
● Medication: steroid
● Bile ductopenia
● Liver metastatic malignancy
● Bone disease eg. Rickets
● Chronic kidney disease



2. Gamma glutamyltransferase (GGT)
- transfer gamma glutamyl group between peptide
- found in cell membrane of hepatocyte, cholangiocyte
- found in other organ: kidney, pancreas, spleen, small intestine, heart, brain and 

seminal vesicles
- GGT level was peak in neonatal period.



2. Gamma glutamyltransferase (GGT)
Normal value

Age U/L

Preterm 7-807

0-14 days 19-383

15 days - 1 years 8-127

>1-18 years 6-21



2. Gamma glutamyltransferase (GGT)
    Elevate of GGT

- Hepatobiliary diseases eg. Biliary tract obstruction, Alagille syndrome, 
progressive familial intrahepatic cholestasis type 3

- Pancreatic diseases
- COPD
- CKD
- Diabetic melitus
- Myocardial infarcton
- Medication; carbamazepine, phenytoin, barbiturates



3. 5’Nucleotidase (5’NT)
- hydrolysis enzyme of nucleotide eg. Adenosine 5-phosphate, Inosine 

5-phosphate
- found in liver, intestine, brain, heart, vessel, pancreas



Origin of enzyme

Liver Pancreas Bone Intestine Brain Heart Other

ALP •• •• • •

GGT • • • • • •

5’-NT • • • • • •



Evaluate liver injury
1. Aspartate aminotransferase (AST)
- transfer amino group from aspatate to ketoglutaric acid 

for oxaloacetic forming (substrate of Krebs cycle)
- found in cytoplasm of liver, skeletal muscle, cardiac muscle, brain, kidney, 

red blood cell, pancreas
- clearance by reticuloendothelial system (T1/2 = 17 hr.)

Endogenous metabolite



Ammonia metabolism



Ammonia
- produced by bacteria in intestine
- metabolite to urea by urea cycle in liver
- amonia level dose not corelate with severity of liver disease and hepatic 

encephalopathy



Ammonia
  Elevate of ammonia level

- Liver disease; Fullminant hepatitis, Chronic hepatitis, Cirrhosis
- Portosystemic shunts
- Urea cycle defect
- Mitochondrial fatty acid beta oxidation defect
- Reye syndrome
- Chronic kidney disease
- Medication eg. Valproic acid



Ammonia
Normal value

Age μmol/L

Newborn 64-107

0-14 days 56-92

2 weeks - 18 years 21-50

>18 years 11-32



FUNCTION
TEST

❖ Synthetic
❖ Excretory
❖ Special test



Synthetic function
Albumin

- maintain intravascular oncotic pressure
- produce by liver about 150 mg/kg/day
- T1/2 = 14-21 days —> not found low albumin in acute liver failure

Low albumin level

- chronic liver disease
- malnutrition
- protein losing enteropathy
- chronic systemic inflammation
- Nephrotic syndrome

Synthetic function



1. Albumin
- maintain intravascular oncotic pressure
- produce by liver about 150 mg/kg/day
- T1/2 = 14-21 days —> not found low albumin in acute liver failure

Low albumin level was found in several cause

- chronic liver disease
- malnutrition
- protein losing enteropathy
- chronic systemic inflammation
- Nephrotic syndrome



Albumin
Normal value

Age g/dL

Preterm 1.1-3.9

0-14 days 2.6-4.3

15 days - 1 year 2.8-4.7

1-8 years 3.8-4.7

8-15 years 4.1-4.8

>15 years 4.1-5.1 (M) , 4.0-4.0 (F)



2. Coagulopathy
Abnormal hemostasis in liver disease

● Impair synthesis of coagulation factor

         →  fibrinogen, prothrombin, factor V, factor VII, factor IX, factor X, factor XI

● Vitamin K deficiency due to impair fat soluble vitamin absorption

         → decreased vitlamin K dependent coagulation factor

               Factor VII is the shortest half-life (T1/2 = 6hr) → prolong PT/INR

● Impair Alpha 2-plasmin inhibitor production → Increase fibrinolysis
● Hypersplenism → Thrombocytopenia



Abnormal hemostasis in liver disease

  



Coagulation cascade
  Vitamin K dependent factor



3. Lipoprotein
Abnormal lipoprotein metabolism in liver disease

- Cholestasis → phospholipid reflux to circulation and form Lipoprotein X

                                → increase serum cholesterol

- Acute liver injury → decrease lecithin cholesterol acyltransferase and TG lipase

                                         → high serum LDL, TG

- Chronic liver disease → low serum cholesterol



Physiology of lipid transport

Hepatic 
TG lipase



Synthetic function
Albumin

- maintain intravascular oncotic pressure
- produce by liver about 150 mg/kg/day
- T1/2 = 14-21 days —> not found low albumin in acute liver failure

Low albumin level

- chronic liver disease
- malnutrition
- protein losing enteropathy
- chronic systemic inflammation
- Nephrotic syndrome

Excretory function



Excretory function
    Bilirubin       



Bilirubin
- Produced from heme in reticuloendothelial cells about 4 mg/kg/day
- Heme → Biliverdin →Unconjugate bilirubin → transport to liver
- Unconjugate bilirubin is conjugated by UDP glucuronosyltransferase then.       

excrete to bile canaliculi
- Conjugated bilirubin is hydrolyzed by intestinal bacteria

   1. Urobilinogen
   2. Stercobilinogen



Bilirubin
Normal value

Age Total (mg/dL) Conjugated (mg/dL)

0-14 days 0.2-16.6 0.3-1.0

15 days - 1 years 0.3-1.2 0.1-0.4

Direct Hyperbilirubinemia
● DB > 20% of TB
● DB > 1 mg/dL if TB < 5 mg/dL



Synthetic function
Albumin

- maintain intravascular oncotic pressure
- produce by liver about 150 mg/kg/day
- T1/2 = 14-21 days —> not found low albumin in acute liver failure

Low albumin level

- chronic liver disease
- malnutrition
- protein losing enteropathy
- chronic systemic inflammation
- Nephrotic syndrome

Special test



Liver detoxification

https://old-ib.bioninja.com.au/options/option-d-human-physiology/d3-functions-of-the-liver/detoxification.html



Special test
1. Caffeine clearance
● Evaluate CYP 1A2 function (Phase I)
● Measure blood caffeine level after cafferine consuption 200 mg



Special test
2. Lidocaine metabolite formation (MEGX test)

● Evaluate CYP 3A4 function (Phase I)
● Use to evaluate function for liver transplantation
● Lidocaine 1 mg/kg IV then measure monoethylglycinexylidide at 15, 30, 60 min



Special test
3. Para-aminobenzoic acid (PABA) test

● Evaluate conjugate function in phase II of hepatic biotransformation

Para-Aminobenzoic            PABA                              Para-aminohippuric acid (PAHA)
       (PABA)                                                                                                                                  Urine
                                         Acetyl-PABA                     Acetyl-PAHA                                

Small Intestine Liver Kidney

Conjugation



Approach to
Abnormal Liver function test



3 steps approach
1. Evaluate pattern of abnormal LFT

- hepatocellular
- cholestasis
- mixed

2. Evaluate cause of abnormal LFT
3. Evaluate prognosis



Evaluate pattern

● DB > 20% of TB
● DB > 1 mg/dL if TB < 5 mg/dL

● elevate AST

● normal AST,ALT

Non hemolysis



Evaluate pattern



Evaluate pattern
R factor
    for evaluate pattern of acute liver injury and drug induced liver injury (DILI)



Hepatocellular cause

Nelson Text book of Pediatrics 21st edition.



Hepatocellular cause

Nelson Text book of Pediatrics 21st edition.



Hepatocellular cause
Elevate of AST and ALT (>10-15 times of upper normal limit)

- Acute viral hepatitis
- Toxin/Drug induced hepatitis
- Ischemic hepatitis
- Autoimmune hepatitis
- Fulminant Wilson’s disease
- Acute bile duct obstruction
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Hepatocellular cause
Elevate of AST and ALT (< 10 times of upper normal limit)

1. AST > ALT
- Toxin/Drug induced hepatitis
- Ischemic hepatitis
- Alcoholic hepatitis (AST:ALT ratio usually more than 2)
- Wilson’s disease

2. ALT > AST
- Chronic viral hepatitis
- Non alcoholic fatty liver disease (NAFLD)
- Autoimmune hepatitis
- Hemochromatosis
- Alpha 1-Antitripsin deficiency

Isolated elevate AST : hemolysis, myopathy, myocardial disease, rhabdomyolysis
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Cholestatic cause

● Dubin-Johnson syndrome
● Rotor syndrome

Intrahepatic

Nelson Text book of Pediatrics 21st edition.



Cholestatic cause
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Nelson Text book of Pediatrics 21st edition.



Non hemolytic indirect hyperbilirubinemiaa

Nelson Text book of Pediatrics 21st edition.



Drug induce liver injury (DILI)
Drug induce liver injury can elevate enzyme in hepatocellular, cholestasis or mix pattern

Scan here



Acute liver failure
Acute liver failure

● Biochemical evidences of liver injury
● INR > 2 or INR > 1.5 with hepatic encephalopathy
● No evidence of chronic liver disease

Acute ontop chronic liver failure

● TB > 5 mg/dL
● INR > 1.5
● Ascites and/or Hepatic encephalopathy
● Onset within 4 weeks
● Evidence of chronic liver disease



Evaluate prognosis
Predict mortality in Cirrhosis

● Child-Turcotte-Pugh prognostic score
● Pediatric end stage liver disease score (PELD) (age < 12 years)
● Model for end stage liver disease score (MELD) (age > 12 years)

Predict mortality in Wilson’s disease

● New Wilson index (NWI)

Predict mortality and selection criteria for liver transplantation in acute liver failure 

● King’s college criteria for paracetamol induce acute liver failure
● King’s college criteria for non-paracetamol acute liver failure



Child-Turcotte-Pugh score
 

Parameters Point

1 2 3

Serum Bilirubin (mg/dL) 2 2-3 >3

Serum Albumin (g/dL) >3.5 2.8-3.5 <2.8

Prothrombin time (s) 1-4 5-6 >6

Hepatic encephalopathy None Minimal Advanced

Ascites None Slight Moderate



Child-Turcotte-Pugh score
 

Classification Survival rate

1 year 2 years

A (5-6 points) 100% 85%

B (7-9 points) 80% 60%

C (10-15 points) 45% 35%



PELD & MELD
 



New Wilson index

Score > 11 : high mortality without liver transplant

Parameters Score

0 1 2 3 4

Total bilirubin 
(mg/dL)

0-5.85 5.86-8.77 8.78-11.69 11.7-17.54 >17.55

AST (U/L) 0-100 101-150 151-300 301-400 >401

INR 0-1.29 1.3-1.6 1.7-1.9 2.0-2.4 >2.5

WBC (109/L) 0-6.7 6.8-8.3 8.4-10.3 10.4-15.3 >15.4

Albumin (g/dL) >4.5 3.4-4.4 2.5-3.3 2.1-2.4 <2.0



King’s college criteria
Criteria for liver transplant in fulminant liver failure

Paracetamol induced acute liver failure Non-Paracetamol induced acute liver failure

- ABG pH < 7.3 after resuscitation 
and > 24 hr since ingestion OR

- Blood lactate > 3.5 mmol/L OR
- All of below

1. INR > 6.5
2. Cr > 3.4 mg/dL
3. Hepatic encephalopathy gr.III-IV

- INR > 6.5 OR
- 3 of 5 following criteria

1. Etiology: indeterminate etiology, DILI
2. Age < 10 or > 40 years
3. Interval of juandice-encephalopathy 
    > 7 days
4. Bilirubin > 17.6 mg/dL
5. INR > 3.5



Take Home messages

● Biochemical test : AST,ALT,ALP
→ Elevation of enzyme was found in hepatobiliary and non hepatobiliary disorder
→ Level dose not correlate with severity

● Function test : Synthetic, Excretion, Detoxification
● 3 steps approach abnormal LFT : pattern, cause, prognosis

→ R-value for evaluate pattern : Hepatocellular, Cholestasis, Mixed
● There are many etiology cause abnormal LFT 

→ History taking and physical examination lead to diagnosis
● Drug induce liver injury (DILI) cause abnormal liver enzyme in several pattern
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Thank you,
Happy Valentine’s Day


