      Function Tests
1. Cardiac Function Test
· Heart is the organ that pumps blood
· The most important disease is ischemia

· Ischaemia is lack of adequate blood supply due to arthrosclerosis
· Artherosclerosis is a process involving damage to endothelium and buld up of vessel inclusion lesions (plagues)
· In this condition,  coronary blood flow is gradually reduced

· Once diameter is reduced to less than 10-20% of its original size, chest pain (angina pectrolaris) often develops.

· Chest pain occurs when the demand for oxygen increases particularly in exercise (exertional angina)

· More rapid reduction in flow of blood can occur when plague stimulate formation of thrombus in coronary artery.

· When thrombus completely cut-off blood flow, supplied muscles will develop irreversible ischemic damage

· Ischemic damage lead s to myocardial Infaction (MI)
· Broad spectrum of heart diseases resulting from impaired coronary blood flow is termed as Coronary heart disease.




         Markers of Myocardial Damage
· Creatinine Kinase –Myocardial Band (CK-MB)

· This is an enzyme that resides in the cytosol & facilitates phosphate into & out of the mitochondrion
· Cardiac Troponin

· Troponin is a regulatory complex of three proteins that resides at regular intervals in thin filament of striated muscles
· Myoglobin

· This is a heme containing protein that binds oxygen within cardiac and skeletal muscles
· Elevated serum levels are apparently within 2-3hrs following onset of MI earlier than troponin or other markers
· Myosin

· Myosin comprises of thick filament of muscle contractile apparatus
· Carbonic anhydrase III

· Glycogen phosphorylase

· Creatinine Kinase Isoforms

· Ischemic Modified Albumin




   Markers of Coronary Risk
· Coronary Heart Diseases is a chronic disease of aging & obviously and the most desirable approach is to prevent or minimize its development.
· C-reactive protein (CRP)
· This is a protein that binds to C – polysaccharide of pneumococcus

· It appears in plasma during many infections or inflammatory conditions
· Homocystein (Hcy)
· This is a sulphur containing amino acid that is not incorporated into protein but it is a metabolic intermediate.

· Excessive levels of circulating Hcy reflects a diminished levels of one of the enzymes involved in metabolism




Markers of Congestive Heart Failure
· Cardiac Natriuretic Peptide

· This is produced by cardiac ventricles and also known as B-type natriuretic peptide 
· It down-regulates rennin-angiotensin-aldosterone system, decreasing sympathetic nerve action in heart & kidney thus increasing renal blood flow 

· It also increases sodium excretion
2. Pancreatic Function Test.
· Pancreatic disorders includes;

· Macroamylasemia

· This is a condition of persistence elevated serum amylase activity with no apparent clinical symptoms of pancreatic disorder.

· Acute Pancreatitis

· This is a condition marked by rapid destruction of islets cells & acina cells

· Chronic Pancreatitis

· This is a condition marked by progressive destruction of islets cells & acina cells
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· Enzymes Amylase and Lipase aid in diagnosis of acute pancreatitis

· Pancreatic function test can either be direct or indirect

Direct tests

· This involves analysis of fluid from the duodenum by aspiration
· Secretion test

· This measures secretion rate of pancreas in response to stimulation with secretin

· Lundhmeal test

· Lundhmeal is a physiological stimulus to the pancrease

· It contains 5%protein, 6% fat, 15% carbohydrate and 74% non-nutrient fibre

· Then look for pancreatic enzyme in stool or urine 

Indirect Tests
· This test is done on stool or urine and measures the absorption of an oral administration of substances.
· ParaAminoButyricAcid (PABA)
· This is conjugated with Benzyl tyrosyl to form BenzylTyrosyl PABA* (Radiolabelled)

· Administration in this form cannot be absorbed

· Pancreas should be active to release chymotrypsin

· This enzyme releases Benzyl tyrosyl

· PABA* is absorbed and later detected in urine 
· Fluorescein - Dilaurate
· Administered in this form cannot be absorbed

· It is hydrolyzed to release fluorescein which is then conjugated to form Fluorescein – Diglucuronide
· Hydrolysis is by pancreatic enzyme

· Fluorescein – Diglucuronide is absorbed & can be detected in urine
3. Renal Function Test
· Kidney function reduces with age.

· Kidneys functions as;
· Regulation of water, electrolyte, glucose and amino acid (homeostasis)

· Excretion role such as excess water and end product of metabolism such as urea.
· Endocrine organ such as synthesis of some hormones like rennin, prostaglandin, and erythropoietin.

· Site of hormone destruction such as insulin, glucagon, aldosterone, estrogen, testosterone etc.

· Acute renal failure
· This has sudden onset and may even occur within a day caused by severe blood loss, severe burn & dehydration
· Chronic Renal failure
· This has a gradual onset and is caused by;
· HIV nephropathy

· Metabolic disorder such as gout, diabetes mellitus

· Drugs such as mercury, gold and other metals

· Vascular diseases

(i) Glomerular Filtration Rate (GFR)
· GFR is considered best overall indicator of levels of kidney function
· This monitors progression of diseases

· This can be used as a guide to the dosage of renal excreted drugs to prevent potential drug toxicity.

· This test is based on the ability of the kidneys to clear either extraneous or endogenous markers

· Examples of these markers includes; inulin, creatine, nitrogen and cystatin C

· Renal clearance of a substance is the volume of plasma from which a substance is completely cleared by the kidney per unit time

· Examples of Patients to be done GFR includes;

· Hypertensive, diabetic ,those on radiotherapy and on cytotoxic drugs or those with kidney problem (nephropathy)




Properties of an ideal extraneous or endogenous marker
· Stable concentration in plasma
· Physiologically inert

· Should be freely filtered in the kidney (has low molecular weight)

· Should neither be secreted nor re-absorbed in the tubule

· Should not be synthesized by the body

· Should be metabolically inert.
Creatinine clearance (GFR test)
[image: image2.png]Gall bladder

Common

bie Pancreatic
duct dust
Pancreas
Openii of © Detal of
pancreatic .
and bile ducts bile drainage

into the duodsnum (paila)



GFR = Us  x   V



Reference Value
                  Ps
                                         Males:    88 – 130 ml/min   (20-30yrs)


Us = Amount of creatinine in urine



  Females: 81 -134 ml/min   (20 -30yrs)


V = Volume of urine (flow-rate in ml/min)


  Males;     82 – 140 ml/min    (31-40yrs)


Ps = Creatinine concentration in plasma


  Females:  75 -158 ml/min  (31-40yrs)










  Males:      55 – 130 ml/min    (70-80yrs)


For children;





               Females:   52-105 ml/min    (70-80yrs)
GFR = Us  x   V      x          1.73

      Ps               Surface area

(ii) Serum Creatinine
· Creatinine is produced from decomposition of phosphocreatin in muscles and it is excreted in urine

· Creatine is synthesized in the kidney and pancreas
· It is transported via blood to other organs in muscle, brain where it is phosphoralated

· It is phosphoralated to creatine phosphate which is important in muscle contraction

· 1-2% /24h of creatine in muscles is spontaneously and irreversibly converted to creatinine

· Normal serum creatinine is 1.2 – 1.4mg/dl
(iii) Serum Urea
· Urea & ammonia are produced from catabolism of protein and nucleic acid
· Serum urea is affected by;

· High protein diet

· Dehydration

· Increased protein breakdown 

· Acute renal failure
(iv) Uric Acid

(v) Urinalysis

(vi) Micro-albumin
· Done on anybody with Diabetes mellitus and those with high blood pressure
· A microalbumin test checks urine for the presence of a protein called albumin.
· Microalbuminuria is most often caused by kidney damage from diabetes. 
· But many other conditions can lead to kidney damage, such as high blood pressure, heart failure, cirrhosis, or systemic lupus erythematosus (SLE).
(vii) Cystatin C
· This is an amino acid produced by all nucleated cells and production is proportionate to GFR
· Cystatin C or cystatin 3 (formerly gamma trace, post-gamma-globulin or neuroendocrine basic polypeptide), a protein encoded by the CST3 gene, is mainly used as a biomarker of kidney function.
(viii) Inorganic Phosphate (Pi)

(ix) Calcium
· Chronic renal failure causes renal osteo-dystrophy 
4. Liver Function tests (LFTs)
· Liver is the largest and the most complex organ of GIT
· It has three systems

· Biochemical hepatocystic system – which is concerned with drug metabolism, storage of iron & glycogen

· Hepatobiliary system – which is concerned with bilirubin metabolism

· Reticuloendothelial system – which is concerned with defense against pathogens
· Liver is concerned with;
· Metabolism of bilirubin

· Lipoprotein synthesis

· Drug metabolism

· Synthesis of most plasma proteins including coagulation factors except Von willebrands factor

Tests for liver injury
· Hepatocytes contains high levels of a number of enzymes

· With liver injury, they may leak into plasma and can be used to diagnose liver injury





LFTs
· Alanine transaminase (ALT). 
· It catalyze reversibly transfer of an amino group of alanine to ∞Ketoglutarate to yield glutamate and corresponding amino acids eg. Pyruvate
· This is an enzyme that helps to process proteins. 
· Also referred to as SGPT

· Large amounts of ALT occur in liver cells. 
· When the liver is injured or inflamed (as in hepatitis), the blood level of ALT usually rises.

· Aspartate aminotransferase (AST). 
· It catalyze reversibly transfer of an amino group of aspatate to ∞Ketoglutarate to yield glutamate and corresponding amino acids. eg. Oxaloacetate
· This is another enzyme usually found inside liver cells. 
· When a blood test detects high levels of this enzyme in the blood it usually means the liver is injured in some way

· Also referred to as SGOT – serum Glutamate Oxaloacetate Transferace 
· However AST can also be released if heart or skeletal muscle is damaged. 
· For this reason ALT is usually considered to be more specifically related to liver problems.

· Alkaline phosphatase (ALP). 
· This enzyme occurs mainly in liver cells next to bile ducts, in bone, intestines and placenta 
· The blood level is raised in some types of liver and bone disease.

· Lactate Dehydrogenase (LDH)
· This enzyme catalyses reversible oxidation of lactate to pyruvate
· Its isoenzyme progresses as:

· MMMM –LDH1 (predominant in cardiac muscle, kidney and red cell)
· MMMH – LDH2 (predominant in cardiac muscle, kidney and red cell)
· MMHH – LDH3

· MHHH – LDH4 (Major isoenzyme in liver and skeletal muscles)
· HHHH – LDH5 (Major isoenzyme in liver and skeletal muscles)
· Gamma Glutamyl transpeptidase (GGT)
· Regulates transport of amino acid across cell membrane by catalyzing transfer of glutamyl group from glutathione to amino acid.
· Although reasonably specific to the liver and a more sensitive marker for cholestatic damage than ALP, Gamma glutamyl transpeptidase (GGT) may be elevated with even minor, sub-clinical levels of liver dysfunction. 
· It can also be helpful in identifying the cause of an isolated elevation in ALP (GGT is raised in chronic alcohol toxicity).
· Albumin. 
· This is the main protein made by the liver, and it circulates in the bloodstream. 
· The ability to make albumin (and other proteins) is affected in some types of liver disorder. 
· A low level of blood albumin occurs in some liver disorders.

· Total protein. 
· This measures albumin and all other proteins in blood.

· Bilirubin. 
· This pigment gives bile its yellow/green colour. 
· A high level of bilirubin in your blood will make you jaundiced ('yellow'). 
· Bilirubin is made from haemoglobin. 
· Haemoglobin is a chemical in red blood cells that is released when the red blood cells break down. 
· Liver cells take in bilirubin and attach sugar molecules to it. 
· This is then called 'conjugated' bilirubin which is passed into the bile ducts. 

· A raised blood level of 'conjugated' bilirubin occurs in various liver and bile duct conditions. 
· It is particularly high if the flow of bile is blocked. 
· For example, by a gallstone stuck in the common bile duct, or by a tumour in the pancreas. 
· It can also be raised with hepatitis, liver injury, or long-term alcohol abuse.

· A raised level of 'unconjugated' bilirubin occurs when there is excessive breakdown of red blood cells - for example, in haemolytic anaemia.
· 5' Nucleotidase
· 5' Nucleotidase (5'NTD) is another test specific for cholestasis or damage to the intra or extrahepatic biliary system, and in some laboratories, is used as a substitute for GGT for ascertaining whether an elevated ALP is of biliary or extra-biliary origin.
· Coagulation test
· The liver is responsible for the production of coagulation factors. 
· The international normalized ratio (INR) measures the speed of a particular pathway of coagulation, comparing it to normal. 
· Increased levels of INR means that blood is taking more time than usual to coagulate or clot. 
· The INR will be increased only if the liver is so damaged that synthesis of vitamin K-dependent coagulation factors has been impaired; it is not a sensitive measure of liver function.

· It is very important to normalize the INR before operating on people with liver problems (usually by transfusion with blood plasma containing the deficient factors) as they could bleed excessively.

· Serum glucose
· The serum glucose test may be abbreviated as "BG" or "Glu". The liver's ability to produce glucose (gluconeogenesis) is usually the last function to be lost in the setting of fulminant liver failure.
· Transaminitis
· AST/ALT elevations instead of ALP elevations favor liver cell necrosis as a mechanism over cholestasis. 
· When AST and ALT are both over 1000 IU/L, the differential can include acetaminophen toxicity, shock, or fulminant liver failure. 
· When AST and ALT are >3X of normal but not > 1000 IU/L, the differential can include alcohol toxicity, viral hepatitis, drug induced, liver cancer, sepsis, Wilson disease, post-transplant rejection of liver, autoimmune hepatitis, and steatohepatitis (non-alcoholic). 
· When AST/ALT elevated is minor it may be due to rhabdomyolysis among many possibilities.
· Alpha feto-protein
· This is synthesized by embryonic hepatocyte and fetal York sac

· It peaks in the second trimester of pregnancy reaching levels that constitute upto 1/3 of fetal serum proteins.
· It becomes elevated in fetal neural tube deficit/defect
· Shortly after birth, the levels falls reaching adult normal range.

· Leucin aminopeptidase
· Isocitrate dehydrogenase





Other tests
· Plasma cholesterol

· Serum bile acids

· Caffeine clearance

· Gallstone elimination





Causes of liver disease
· Infections 
· Viral eg. Hepatitis, yellow fever, hemorrhagic fever, ebola

· Parasitic such as malaria, Amoeba, Leishmania

· Mycotic infections such as aflatoxicosis
· Tumors; Benign, Malignant

· Toxins

· Trauma

· Lesions on biliary tract

· Injury from metabolic disturbances such as fatty liver infiltrate.
· Injury from increased  storage (hemochromatosis)

5. Lipids Profile
· Disorders of lipid metabolism plays a major role in artheroschlerosis and coronary heart disease (CHD)
· Artherosclerosis this is hardening & narrowing or artery caused by build-up of plagues inside the walls of arteries.
· Lipids are soluble in non-polar organic solvent such as alcohol, ether, chloroform and insoluble in water.

· Cholesterol and triglycerides travel in plasma not as free floating molecules but as water soluble lipoproteins.
· If the test is drawn as part of a total lipid profile, it requires a 12-hour fast (no food or drink, except water).
· The results of this test can identify certain genetic diseases and can determine approximate risks for cardiovascular disease, certain forms of pancreatitis, and other diseases.
· There are for major lipoprotein class;
· Chylomicrons

· Very Low Density Lipoproteins (VLDL)

· Low Density Lipoprotein (LDH)

· High Density Lipoprotein (HDL)
· These are differentiated by;
· Particle size

· Chemical composition

· Electrophoretic mobility 
Chylomicrons
· This is a large particle produced by the intestines and transports lipids or dietary origin to the tissues
Very Low Density Lipoproteins (VLDL)
· Produced by the liver & supply tissues of the body with triglycerides & cholesterol of hepatic origin 
Low Density Lipoprotein (LDL) -“Bad cholesterol”
· It is optimal when less than 100mg/dl

· Produced through metabolism of VLDL in circulation.
High Density Lipoprotein (HDL) “Good Cholestrol”
· It is optimal when more than 40mg/dl

· Consist mostly of protein, cholesterol & phospholipids
· It is involved in cholesterol transport

· Excess cholesterol is returned from tissues to the liver




Estimation of plasma lipids
· Total Cholesterol
· Desirable total cholesterol levels is less than 200 mg/dl
· 75-169 mg/dL for those age 20 and younger 

· 100-199 mg/dL for those over age 21 
· It accounts for almost all of sterol in plasma

· Cholesterol is required to make sterol hormone, vit.D and bile salts

· Body makes all cholesterol it needs

· It is carried inform of lipoprotein
· Triglycerides

· This poses a risk of heart diseases with levels beyond 200 mg/dl
· Elevated in obese or diabetic patients. Level increases from eating simple sugars or drinking alcohol. Associated with heart and blood vessel disease.
· Less than 150 mg/dl is desirable
· HDL-Cholestrol

· LDL -Cholestrol

· Phospholipids phosphorus

· Cholesterol:HDL ratio
6. Thyroid Function Test (TFTs)
· Normal thyroid gland weight 15-25gms and it is divided into lobules separated by vascular connective tissue
· Each lobule is composed of 20-40 follicles (ring shaped)

· Follicles are site of thyroid hormone synthesis & storage

· Thyroid also contains parafollicular or C-cell responsible for synthesis of calcitonin

· An intact hypothalamic-pituitary –thyroid axis and a ready source of iodine are required for a normal thyroid

hormone synthesis
· Thyroid hormones mediates numerous metabolic activities and also negative feedback of hypothalamus & pituitary to maintain hormones within narrow range.
· Under TSH stimulation, iodine enters follicular cells as inorganic iodide & transform to thyroid hormones

· Thyroid hormones includes;

· Thyroxine (T4)

· Triiodothyronine (T3)
· Approximately 85ug/dl of T3 and 8.5ug/dl of T4 is produced daily by thyroid
· Thyroid hormones circulates attached to plasma proteins

· Thyroid diseases are classified into;

· Hyperthoroidism

· Hypothyroidism

· Euthyroidism (thyroid disease)
1. Hyperthoroidism





Signs and symptoms 

· Heat intolerance

· Tachycardia

· Weight loss

· Weakness

· Emotional lability

· Tremor 


Causes
· Toxic adenoma

· Rare TSH secretory pituitary tumors

· Thyroid carcinoma
2. Hypothyroidism

Signs and symptoms
· Cold sensitivity

· Dry skin , 
· Constipation , Brandycardia

· Muscle weakness, coma

Causes
· Iatrogenic, Surgery

· Pituitary disorder

· Radioactive iodide.

NB: Goiter, thyroid adenoma and carcinoma occurs in people who are euthyroid.
· Iodine is  a major component of thyroid hormone
· Main source of iodine is dietary intake
Thyroxine (T4)

· Binds to various protein after release
· Measured by immunoassay after separating hormone from its carrier protein

· Reference range is 5 – 12.5 ug/dl

· Elevated T4 & T3 but lower TSH indicates primary hyperthyroidism

· Low T4 and high TSH indicates primary hypothyroidism

· TSH estimation is the most important test of thyroid function

· Over-secretion of thyroxine causes hyperactivity

· Under-secretion causes cretinism (mental retardation)

· Functions of T4 includes;

· It controls rate of growth and development in children 

· In adults it controls chemical activities such as respiration (metabolic rate)

Triiodothyronine (T3)
· Measuresd by immunoassay
· Reference range is 60 – 160ug/dl

· T3 is less bound to serum protein than T4

· Greater proportion of T3 than T4 exists in free diffusible state

· Serum total T3 is helpful in diagnosis of hyperthyroidism

· Hyperthyroidism with elevated T3 but normal T4 and free T4 is termed as T3 thyrotoxicosis

· Patients with this condition have no signs nor symptoms
Thyroglobulin (Tg)
· This is synthesized and secreted by follicles
· It is present in serum of a normal individual in range upto 30ng/ml

· Serum Tg concentration reflects; 

· Thyroid mass

· Thyroid injury

· Increases in nodular goiter

· Graves disease

· Thyroiditis 
· Routine Tg measurement is never indicated[image: image3.jpg]Liver —
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