
The Liver



Couple Interesting Things
About The Liver



Liver

Liver can be baked, boiled, broiled, fried, or 
eaten raw.
Liver is often made into spreads. 
Bailey favorites include fois gras and 
liverwurst.

Foie gras with 
mustard seeds
and green onions 
in duck jus



Promethius
• Prometheus, 

in eternal 
punishment 
for stealing 
fire from the 
gods  is 
chained to a 
rock where 
his liver is 
eaten daily 
by an eagle 
only to be 
regenerated 
by night.We have known since then that the liver

possesses the remarkable capacity to regenerate



Lecture #6: Abnormal Liver 
Function Tests

This is the lecture title so maybe the speaker 
might focus on the topic ? !!!! 

RJBailey



Focus?
Maybe, But Not Yet

Its worthwhile looking at the liver anatomy first 

Three distinct but inter-related compartments

Vascular Parenchymal Biliary
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Liver Parenchyma -- A Bit Closer



The Sinusoid 

Expert Reviews In Molecular Medicine 2003

Quiescent
Stellate Cell

Kupffer
Cell

Fenestra

Endothelial 
Cell

Space of Disse

Hepatocyte



The Liver Biliary System



The Liver Biliary System 



Biliary Tree 

Gall Bladder Pancreas

Stomach



The Liver Gets into Trouble!
The Burden of Liver Disease 

Lancet 2013;381:997–1020. J Hepatol 2012;56:234–40

For those patients younger than 65, the rise in standardized 
mortality rate for liver disease is >500%, ---
The fifth biggest cause of premature mortality 

The Three Most Common Causes 

Autoimmune liver disease is also a significant contributor

Alcohol
Non Alcoholic Fatty Liver
Viral Hepatitis



Liver “Function” Tests
• Liver Blood Tests look for  for the presence of:

-- enzymes in blood that are normally most abundant in liver tissue, 
-- metabolites or products produced by the liver.

serum proteins, albumin, globulins, alanine transaminase, aspartate transaminase, 
prothrombin time, bilirubin).

• Imaging tests such as, ultrasound and magnetic resonance imaging can 
be used to examine the liver tissue and the bile ducts.

• Liver biopsy can be performed to examine liver tissue to distinguish 
between various conditions.

•
• Elastography (Fibroscan) may reduce the need for biopsy. 



Lecture #6: Abnormal Liver 
Function Tests

This is the lecture title so maybe the speaker will 
now focus. He promises

Mind you this  talk is  really about 
blood tests and the liver including 
“liver function”



Liver Blood Tests

Probably inadequate
blood draw for a 
hepatology consulation.
Insufficient tubes 



When should liver blood tests be 
checked?

Conditions which are associated with a high risk of 
developing liver disease.

Autoimmune liver disease is more common in patients 
with pre-existing autoimmune diseases

Patients with inflammatory bowel disease  have a particular  
risk of developing the autoimmune cholestatic liver disease, 

primary sclerosing cholangitis



When should liver blood tests be 
checked?

Non-specific symptoms
Liver disease tends to develop silently with no signs 
or symptoms 
There is evidence that the majority of people with 
late-stage liver disease are undiagnosed.
(Expert Rev Gastroenterol Hepatol 2016;10:255–65.)

Evidence of chronic liver disease
Patients with symptoms or signs of cirrhosis need 
liver blood tests to monitor their function. 



When should liver blood tests be 
checked?

Presence of lifestyle risk factors:  obesity/diabetes,-
ASHD, Sleep Apnea 

Family history of liver diseases: hemochromatosis, Wilsons, 
Alpha 1 Anti trypsin, celiac (?)

Viral hepatitis . The majority of patients are symptom 
free and identified as a result of risk factors:country of 
origin, parental exposure, people who inject drugs, 
migrants from high-prevalence areas, prisoners.
Liver blood tests can be normal in this setting
(BsAg, Anti C ab)



When should liver blood tests be 
checked?

Use of hepatotoxic drugs :
A wide variety of drugs are associated with liver disease, and 
require monitoring of liver functions 
The drugs most commonly implicated included: carbamazepine, 
methyldopa, minocycline, macrolide antibiotics, nitrofurantoin, 
statins, sulfonamides, terbinafine, chlorpromazine and 
methotrexate.

Statins leading  to drug-induced liver injury is very rare. They are 
safe in patients with pre-existing abnormal liver enzymes They 
are worthwhile in most  patients with cirrhosis no matter the 
etiology, even when the lipid measurements are normal!



Liver Blood Tests

Used in isolation, liver blood tests are neither 
specific diagnostic tools nor specific exclusion 
tools,

Gut 2010;59:1245–51.



Careful How You Think About “LFTs””
In necro-inflammatory hepatitic diseases  i.e acute inflammatory diseases 
such as viral hepatitis, enzymes are frequently elevated.

In apoptotic diseases i.e. less active inflammation but  liver cells still 
inflamed and dying,
such  as in  fatty liver disease (alcohol and non-alcohol related),
liver enzymes may be normal or elevated, but the degree of abnormality at 
any one time  is not related to the stage of progression from simple fatty 
liver, through progressive fibrosis to cirrhosis.

Or 
Liver disease develops silently; there may be no signs or symptoms until the 
complications of liver failure or portal hypertension develop.
At this late, often pre-terminal stage, the tests of liver function—bilirubin, 

albumin, international normalized ratio (INR) and platelet count—may be 
abnormal.

Lancet 2014;384:1953–97.



Liver Function Tests- “Patterns”

• The term “liver function tests“ is a misnomer as many 
of the tests do not comment on the function of the 
liver but rather pinpoint the source of the damage.

• Elevations in ALT and AST in disproportion elevations 
in alkaline phosphatase and bilirubin denotes a 
hepatocellular disease. 

• Elevation in alkaline phosphatase and bilirubin in 
disproportion to ALT and AST would denote a 
cholestatic pattern. 

• The actual function of the liver can be graded based on 
its ability to produce albumin and vitamin K dependent 
clotting factors.



A Standard Liver Blood Test Panel?

Initial investigation for potential liver disease should include 
CBC
ALT, AST, 
bilirubin, albumin, INR
ALP and GGT,  
(Clin Liver Dis 2012;16:397–419).

(Addition of GGT to a liver blood test panel increases the 
likelihood of an adult having abnormal liver blood tests from 
around 15% to 30%) 

Gut 2018;67:6–19. 

Modified by RJB



Liver Blood Tests

• Cellular integrity—transaminases

• Functionality—Albumin, INR,Bilirubin

• Biliary Tree --- Alkaline phosphatase, GGT



Cellular Integrity (in Watercolour)

Theartofed.com



Transaminases- AST, ALT

Catalyze the transfer of amino acids groups to 
produce oxaloacetic acid and pyruvic acid            
-intermediate metabolites in glucose production

When the liver is damaged the hepatocyte  
membrane  becomes more permeable and some 
of the enzymes  leak into the blood circulation 



Liver Injury Abnormalities Can Be 
Classified By Duration Or Magnitude



Transaminases - ALT AST

ANY damage to the liver will cause  elevations in transaminases

Very high elevations of transaminases suggest severe liver damage 
such as viral hepatitis, lack of blood flow, drugs

Most disease processes cause the ALT to be higher than the AST

AST levels double or triple ALT  are suggestive of 
alcoholic liver disease, cirrhosis, non hepatic causes

Gut 1999;45:129–33



The Magnitude of Aminotransferase 
Elevation May Point Towards An Etiology

Giannini CMAJ 2005



Hepatocellular Inflammation-ALT  AST



AbnormalEnzymes: Most Common Causes 



Think of non-hepatic reasons for 
increased aminotransferases

• Muscle injury: rhabdomyolysis, dermatomyositis,  
seizures, long distance running, intense exercise 
(CPK and LDH will help)

• Thyroid disease
• Celiac disease   
• Anorexia nervosa 
• Adrenal insufficiency



Liver Blood Tests

• Cellular integrity—transaminases

• Functionality—Albumin, INR,Bilirubin

• Biliary Tree --- Alkaline phosphatase, GGT



Albumin-What else? 

DRUGS

Metabolites
Hormones



Albumin
ALBUMIN :  a protein that is produced only in the liver 
thus  serum albumin concentration is often considered as a marker of 
the synthetic function of the liver. 

ALBUMIN has multiple biological actions:

• maintenance of oncotic pressure, 

• binding of other substances
(such as bilirubin, thyroid hormone and drugs)

• metabolism of compounds, including lipids

• antioxidant properties.



Albumin

Over interpretation of the measured concentrations 
of albumin as a marker of the severity of liver disease 
is not always merited.

Albumin concentrations are reduced in many clinical 
situations, including sepsis, systemic inflammatory 
disorders, malabsorption,  gastrointestinal protein 
loss and nephrotic syndrome, (urine loss).

Generally preserved in acute liver disease
Suggestive of cirrhosis in chronic liver disease 



And What Is The Clnical Sign?



RBC

Iron

Unconjugated Bilirubin

Conjugated Bilirubin

Bilirubin Metabolism



Bilirubin   unconjugated

About 5% of the population has Gilbert's syndrome,  
a mutation in the UDP-glucuronyl-transferase promoter

that manifests itself as jaundice 
when the individual is stressed (i.e. starves)

Gilbert’s syndrome is not associated with liver disease or ill health, any 
such individuals should be fully reassured.

Augustin Nicolas Gilbert
(15 February 1858 – 4 March 1927) 

a French physician remembered for his description of  
increased bilirubin today known as Gilbert’s syndrome



Bilirubin -Conjugated

• If direct (conjugated) bilirubin is normal, then the 
problem is an excess of unconjugated bilirubin 
(indirect bilirubin), and the location of the 
problem is upstream of bilirubin conjugation in 
the liver. Hemolysis, or failure of conjugation can 
be suspected.

• If direct bilirubin is elevated, then the liver is 
conjugating bilirubin normally, but is not able to 
excrete it. Bile duct obstruction by gallstones, 
cirrhosis or cancer should be suspected.



Blood Clot- Yuck



Platlets
A reduction in platelets, thrombocytopenia, is the 
most common haematological abnormality found 
in patients with chronic liver disease and is an 
indicator of advanced disease.

Multiple factors culminate in a low platelet count:          
1. Decreased production
2. Splenic sequestration 
3. Increased destruction.



Platelets

Decreased production:

1) Marrow suppression,
caused by 

alcohol, iron overload, drugs and viruses,  
and a reduction in thrombopoietin levels in chronic liver injury. 

2)  Splenic sequestration: 
results from hypersplenism, 

consequence of portal hypertension 
seen in advanced liver fibrosis. 

3) Platelet destruction:
increased non-specifically in liver cirrhosis 

owing to shear stress,fibrinolysis and bacterial translocation,



Prothrombin time

• Reflects clotting factor synthesized by the liver
• Normal INR is helpful in the diagnosis of hepatic 

dysfunction
• By (70%) Liver Injury clotting factors are not 

produced and the INR is prolongd. 
• In Cholestatic injury intravenous vitamin K will 

correct the  INR abnormality
(Vitamin K is lipid soluble and needs bile to be at absorbed)



Prolonged INR= Decreased clotting factors

Does it have 
clinical 
importance 
relative to 
bleeding?

MAYBE  NOT

Probably  NOT

For certain  
Probably

NOT



INR -- Just Got Complicated

• Both spontaneous and provoked bleedings are 
unrelated to platelet count and clotting changes. 
(JAMA Intern Med 2015;175:862–863). 

• Concurrently, evidence and opinion indicates
that the commonly utilised standard coagulation
assays are insufficient to reflect the complexity
of this coagulation imbalance

(Journal Critical Care Vol. 43, February 2018, Pages 54-60)

Conclusion:  INR reflects liver damage but considered 
alone does not indicate a bleeding tendancy. 



Hemostasis in Chronic Liver Disease



Clinical Evidence That Hypercoagulability 
Is A Significant Contributor To Morbidity

In Patients With Cirrhosis

• Portal venous thrombosis -- up to 25%  (Liver Int, 2015,35.139)

• Venous thomboembolism;
2% of hospitalized cirrhotics vs 0.9 controls (DDS2008,53.3012)

2-fold higher in cirrhotics than controls (Am J Gastr2009,104.96)

• Ischemic stroke incidence adjusted for risk factors 
30% higher in cirrhotics compared to controls

( JAMA Neurol 2017,74.927 )



Liver Function

Liver function is conveyed by
albumin,
bilirubin and INR

Platlets convey information 
about  
the level of fibrosis.



StellateCell( HSC)  Produces Fibrous Tissue 
Cirrhosis

This Is Where The Blood Flows



Cirrhosis Impedes Blood Flow – Portal Hypertension



OUTCOMES FOR PATIENTS WITH 
ABNORMAL LIVER TESTS



Childs Pugh Score
5 Measures To Assess Prognosis And Mortality 

In Cirrhosis

Pugh RN, Murray-Lyon IM, Dawson JL, 
Pietroni MC, Williams R (1973). 
"Transection of the oesophagus for 
bleeding oesophageal varices". The British 
journal of surgery. 60 (8): 646–9.



MELD
Model for End-Stage Liver Disease

A scoring system for assessing the severity of chronic 
liver disease

. 
MELD is  useful in determining prognosis and prioritizing for 
receipt of a liver transplant using the patient's values for 
serum bilirubin, serum creatinine, and INR. 

Observed Mortality At 3 months
• 40 or more — 71.3% 
• 30–39 — 52.6% 
• 20–29 — 19.6% 
• 10–19 — 6.0% 
• <9 — 1.9%                                    Gastroenterology. 124 (1): 91–6.



HepCalc

Every 
Mother’s 
Child
Should 
Have One 
On Their 
Phone !



Liver Blood Tests

• Cellular integrity—transaminases

• Functionality—Albumin, INR,Bilirubin

• Biliary Tree --- Alkaline phosphatase, GGT



Cholestasis 

the impairment 
of bile formation and/or bile flow  

which can be 

Asymptomatic
Or

fatigue, pruritis, right upper quadrant discomfort and  
jaundice



Biliary Tree Influences

Gall Bladder Pancreas

Stomach



Bile Ductules In Early Trouble-PBC



Bile Duct Damage - ALP  GGT



Cholestasis –ERCP - Stone



Cholestasias
Primary Biliary Cholangitis



Alkaline Phosphatase  
Cholestatic Liver Disease

Increased levels of ALP produced by  biliary  epithelium

Also found in bones (bone  cancer and fractures)  
Small amounts in intestines, kidneys  WBCs placenta

When ALP is elevated in isolation, the measurement of
γ-glutamyltransferase can indicate whether the ALP is 
of hepatic or non-hepatic origin

Adv Clin Chem 1981;22:163–245.



Couple of Pearls about 
Alkaline Phosphatase 

Elevated ALP levels with cholestasis , may result 
from Right Heart Failure with hepatic congestion

The most likely cause of an isolated raised ALP
in an asymptomatic population, 
Is vitamin D deficiency,

Adv Clin Chem 1981;22:163–245.



GGT--Transferase or Transpeptidase?

γ-glutamyltransferase (ggt) (Older name –transpeptidase)
is abundant in the liver.

Also present in the kidney, intestine, prostate and pancreas 
but not in bone; 
It is useful in confirming that an elevated ALP  is of liver and not bony 
origin.

Commonly elevated as a result of obesity, excess alcohol 
consumption or induced by drugs (anticonvulsants) . 

Addition of ggt to a liver blood test panel increases the likelihood of 
an adult having abnormal liver blood tests from around 15% to 30%) 

Gut 2018;67:6–19



Cholestasis
Most Common Causes 



Cholestasis:
Practical Practice  Guidelines

Take a history and do a physical exam
Ultrasound
Uncertain? Think Primary Biliary Cholangitis
Still uncertain? MRCP
Still uncertain ? Liver Biopsy
(At some point-refer)

EASL Guidelines



Its Almost Over 
!



Pattern of Liver Blood tests



Don’t read the next slide.
It’s a complicated handout.

Homework if your interested.

Might even be worthwhile to keep 
handy in the office for those 

referal letters





Thanks for listening. RJB

And now its really over .
No kidding


