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Category 

Code

Chemical Pathology Major Category Code Headings 15000

1 Analytical Techniques and Safety 15020

2 Specimen Collection and Processing 15140

3 Optical Techniques 15270

4 Electrochemistry and Chemical Sensors 15320

5 Electrophoresis 15380

6 Chromatography 15420

7 Mass Spectrometry 15500

8 Enzyme and Rate Analyses 15580

9 Principles of Immunochemical Techniques 15660

10 Automation in the Clinical Laboratory 15960

11 Point-of-Care Testing 16110

12 Peptides and Proteins 16190

13 Enzymes 16260

14 Tumor Markers 16380

15 Carbohydrates 16490

16 16700

17 Electrolytes and Blood Gases 16820

18 Hormones 16950

19 Catecholamines and Serotonin 17040

20 Vitamins and Trace Elements 17120

21 Porphyrins and Disorders of Porphyrin Metabolism 17250

22 Therapeutic Drugs and Their Management 17370

23 Clinical Toxicology 17460

24 Toxic Metals 17600

25 Cardiac Function 17730

26 Kidney Disease 17820

27 18040

28 Liver Disease 18130

29 Gastric, Pancreatic, and Intestinal Function 18330

30 Mineral and Bone Metabolism 18510

31 Pituitary Function 18670

32 The Adrenal Cortex 18740

33 Thyroid 18830

34 Reproductive Related Disorders 18950

35 Clinical Chemistry of Pregnancy 19110

36 19240

37 19370

38 19460

39 Immunodeficiency Disorders 19610

40 19730

41 Vasculitis 19890

42 Neurological Autoimmunity 19950

43 Lab Management generic or general 19980

Clinical and Laboratory Evaluation of Systemic Rheumatic Diseases

Lipids, Lipoproteins, Apolipoproteins, and Other Cardiovascular Risk Factors

Physiological Disorders of Water, Electrolyte, and Acid-Base Metabolism

Inborn Errors of Amino Acid, Organic Acid, and Fatty Acid Metabolism

Laboratory Evaluation of Immunoglobulin Function and Humoral Immunity

Mediators of Inflammation: Complement, Cytokines, and Adhesion Molecules
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Chemical Pathology 15000

1 Analytical Techniques and Safety 15020

A Concept of Solute and Solvent 15024

1 Expressing Concentrations of Solutions 15028

B Units of Measurement 15032

1 15036

2 Problem Areas in the Use of SI Units 15040

3 Standardized Reporting of Test Results 15044

C Chemicals 15048

1 Reagent Grade and Analytical Reagent Grade Water 15052

2 Ultrapure Reagents 15056

D Reference Materials 15060

1 Primary Reference Materials 15064

2 Secondary Reference Materials 15068

3 Standard Reference Materials 15072

4 Certified Reference Materials 15076

E Basic Measurement Techniques and Procedures 15080

1 Volumetric Sampling and Dispensing 15084

2 Centrifugation 15088

3 Measurement of Radioactivity 15092

4 Gravimetry 15096

5 Thermometry 15100

6 Controlling Hydrogen Ion Concentration (Buffer Solutions) 15104

7 15108

8 Viscosity 15110

9 Extraction 15111

F Interference with laboratory testing, general 15112

G Safety 15120

2 Specimen Collection and Processing 15140

A Patient Preparation 15144

B Specimens 15148

1 Blood 15152

a Venipuncture 15156

i Prolonged Occlusions 15160

ii Order of Draw 15164

b
15168

c Infant (heel stick, small needles) 15172

d Hemolysis 15176

2 Urine (timed, random, preservatives) 15180

International System of Units, Decimal Multiples and Submultiples of SI 

Units

Procedures for Processing Solutions (dilution, evaporation, 

lyophilization, filtration)

Additives (EDTA, heparin, citrate, fluoride, oxalate, ACD, gel 

separators)
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3 Feces (timed, random) 15184

4 Cerebrospinal Fluid 15188

5 Synovial Fluid 15192

6 Amniotic Fluid (Amniocentesis) 15196

7 Chorionic Villus Sampling 15200

8 Pleural, Pericardial, and Ascitic Fluids 15204

9 Saliva 15208

10 Buccal Cells 15212

11 Solid Tissue 15216

12 Hair and Finger Nails 15220

C Handling of Specimens for Testing 15224

1 Maintenance of Specimen Identification 15228

2 Preservation of Specimens in Transit 15232

3 Separation and Storage of Specimens 15236

4 Transport of Specimens 15240

3 Optical Techniques 15270

A Nature of Light 15274

B 15278

C Atomic Absorption Spectrophotometry 15282

D Fluorometry 15286

E Chemiluminescence, Bioluminescence, Electrochemiluminescence 15290

F Nephelometry and Turbidimetry 15294

4 Electrochemistry and Chemical Sensors 15320

A Potentiometry and Ion-Selective Electrodes 15324

B Voltammetry/Amperometry 15328

C Conductometry 15332

D Coulometry 15336

E Optical Chemical Sensors 15340

F Biosensors 15344

G In Vivo and Minimally Invasive Sensors 15348

5 Electrophoresis 15380

A Theory of Electrophoresis 15384

B Conventional Electrophoresis (Slab Gel, IEF, 2-D) 15388

C Capillary Electrophoresis 15392

D Microchip Electrophoresis 15396

6 Chromatography 15420

A Separation Mechanisms and Concepts (Retention Factor, Efficiency) 15424

1 Ion-Exchange Chromatography 15428

2 Partition Chromatography 15432

3 Adsorption Chromatography 15436

4 Affinity Chromatography 15440

5 Size-Exclusion Chromatography 15444

B Planar Chromatography 15448

C Column Chromatography 15452

Spectrophotometry (Beer’s Law, Wavelengths, Calibration, Performance Checks)
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1 Gas Chromatography 15456

2 Liquid Chromatography 15460

D Qualitative and Quantitative Analyses, Chromatography 15464

1 Analyte Identification, Chromatography 15468

2 Analyte Quantification, Chromatography 15472

7 Mass Spectrometry 15500

A Mass Spectrometry Basic Concepts and Definitions 15504

Mass Spectrometry Instrumentation 15508

1 Ion Source 15512

2 Vacuum System 15516

3 15520

B Clinical Applications, Mass Spectrometry 15524

1 Gas Chromatography-Mass Spectrometry 15528

2 Liquid Chromatography-Mass Spectrometry 15532

3 MALDI-TOF Mass Spectrometry 15536

4 SELDI Mass Spectrometry 15540

5 ICP Mass Spectrometry 15544

6 TOF Mass Spectrometry 15546

C Proteomics 15548

D Analytical Problem of Ion Suppression 15552

8 Enzyme and Rate Analyses 15580

A Basic Principles of Enzymology (Nomenclature, Isoenzymes) 15584

B Enzyme Kinetics 15588

1 The Enzyme-Substrate Complex 15592

2 15596

C Analytical Enzymology 15600

1 Measurement of Reaction Rates 15604

2 Units for Expressing Enzyme Activity 15608

3 Measurement of Substrates 15612

4 15616

5 Measurement of Enzyme Mass Concentration 15620

6 Enzymes as Analytical Reagents 15624

7 Analytical Applications of Immobilized Enzymes 15628

8 Measurement of Isoenzymes and Isoforms 15632

9 Principles of Immunochemical Techniques 15660

A Basic Concepts 15664

1 General Characteristics of Antigen-Antibody Reaction 15668

2 Characteristics of Antigens and Immunogens 15672

3 Characteristics of Antibodies 15676

a Polyclonal Antibodies 15680

b Monoclonal Antibodies 15684

c 15688

B Antigen Antibody Binding 15692

Factors Governing the Rate of Enzyme-Catalyzed Reactions (Michaelis-

Menton, temperature, substrate concentration, pH, inhibitor)

Mass Analyzers, Ion Detectors, and Tandem Mass Spectrometers

Optimization, Standardization, and Quality Control of Enzymes

Antibody Production by Recombinant Technology
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1 Binding Forces 15696

2 Reaction Mechanism 15700

3 Kinetics of Antigen-Antibody Reaction 15704

4 Factors Influencing Binding (ionic strength, polymer effect) 15708

5 Antigen excess 15712

C Overview of General Principles of Immunoassays 15716

1 Classes of Immunoassay 15720

2 Conjugation Chemistry 15724

3 Characteristics of the Solid Phase 15728

4 Competitive Immunoassays 15732

5 Noncompetitive Immunoassays (sandwich, ELISA) 15736

6 Interferences in Immunoassays (HAMA) 15740

7 High-dose hook effect 15744

D Qualitative Methods 15748

1 Principle of Precipitin Reaction 15752

2 Passive Gel Diffusion 15756

3 Immunoelectrophoresis (IEP) 15760

4 Western Blotting 15764

5 Dot Blotting 15768

E Quantitative Methods 15772

1 Particle Immunoassay 15776

a Hemagglutination 15780

b Gelatin Particle Agglutination 15784

c Latex Agglutination 15788

d Latex Turbidimetric Assay 15792

e Particle-Counting Immunoassay 15796

f Other Particle Immunoassays 15800

2 Radioimmunoassay 15804

3 Radial Immunodiffusion and Electroimmunoassay 15808

4 Turbidimetric and Nephelometric Assays 15812

5 Labeled Immunochemical Assays 15816

F Enzyme Immunoassay 15820

1 Heterogeneous Enzyme Immunoassays 15824

a Colorimetric Enzyme Immunoassay 15828

b Fluorescent Enzyme Immunoassay 15832

c Chemiluminescent Enzyme Immunoassay 15836

d 15840

2 Homogeneous Enzyme Immunoassays 15844

a Enzyme-Multiplied Immunoassay Technique 15848

b Substrate-Labeled Fluorescent Immunoassay 15852

c Apoenzyme Reactivation Immunoassay 15856

d Enzyme Inhibitory Homogeneous Immunoassay 15860

Instrumentation and Key Points for the Heterogeneous 

Immunoassay (Reaction Cuvette, Sampling and Fluid 

Delivery Type, Carryover, Bound/Fixed Separation and 

Washing Systems)
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e Cloned Enzyme Donor Immunoassay 15864

G Fluorescent Immunoassay 15868

1 Heterogeneous Fluorescent Immunoassay 15872

2 Fluoroimmunometric Method 15876

3 Radial Partition Immunofluorometric Assay 15880

4 Time-Resolved Fluoroimmunoassay 15884

5 Homogeneous Fluorescent Immunoassay 15888

6 Fluorescence Polarization Assay 15892

7 Fluorescence Excitation Transfer Immunoassay 15896

8 Fluorescent Protection Immunoassay 15900

H Chemiluminescent Immunoassay 15904

1 15908

2 Electrochemiluminescent Immunoassay 15912

I Simultaneous multiple immunoassays 15916

1 MicroSpot Assay 15920

2 Multi-Analyte Microarray Immunoassay 15924

3 Flow Cytometric Immunoassay 15928

4 Microchannel Assay Using Compact Disc 15932

10 Automation in the Clinical Laboratory 15960

A Concepts of Automation 15964

1 Automation of the Analytical Process 15968

2 Specimen Acquisition, Automated 15972

3 Specimen Identification, Automated 15976

4 Specimen Delivery to Laboratory, Automated 15980

5 Specimen Preparation, Automated 15984

6 Specimen Loading and Aspiration 15988

7 On-Analyzer Specimen Delivery 15992

8 Reagent Handling and Storage 15996

9 Reagent Delivery 16000

10 Chemical Reaction Phase 16004

11 Automated Measurement Approaches 16008

B Integrated Automation For the Clinical Laboratory 16012

1 Workstations 16016

2 Instrument Clusters 16020

3 Workcells 16024

4 Automated Specimen Transport 16028

5 Automated Specimen Processing 16032

6 Automated Specimen Sorting 16036

7 Automated Specimen Storage and Retrieval 16040

C Practical Considerations of Automation 16044

1 Evaluation of Automation Requirements 16048

2 Problems of Integration of Automation 16052

3 Measuring the lmpact of Automation 16056

D Development of Standards For Laboratory Automation 16060

Chemiluminescent Immunoassay Using Acridinium Esters as Labels
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E Other Areas of Automation 16064

1 Urine Analyzers 16068

2 Flow Cytometers 16072

3 Hematology Cell Counters 16076

4 Microtiter Plate Systems 16080

5 Automated Pipetting Stations 16084

11 Point-of-Care Testing 16110

A Analytical and Technological Considerations 16114

1 Requirements and Design 16118

2 Examples of POCT Devices 16122

a Hand-held, single use device 16126

b Urine and blood dipsticks 16130

c Glucose strips and meters 16134

d Coagulation strips and meters 16138

e 16142

f Immunochromatographic Devices 16146

g Cartridge or cassette devices 16150

h Bilirubinometer 16151

3 Informatics and POCT 16154

B Implementation and Management Considerations for POC 16158

C Coagulation and Hemostasis 16180

12 Peptides and Proteins 16190

A Peptides and Proteins 16194

1 Plasma Proteins (SPEP) 16198

a 16202

2 Electrophoresis 16206

3 Immunoelectrophoresis 16210

4 Immunofixation and Immunosubtraction 16214

5 Light Chains, Serum 16218

6 Light Chains, Urine 16222

7 Amyloid Protein 16224

8 β-Transferrin in CSF 16226

9 16230

10 Alpha-1-Antitrypsin 16234

11 Erythropoietin 16236

B Acute Phase Reaction 16240

13 Enzymes 16260

A Muscle Enzymes 16264

1 Creatine Kinase 16268

2 Aldolase 16272

B Liver Enzymes 16276

Interpretation of SPEP (not including monoclonal 

gammapathies--see Immunology for Monoclonal 

immunoglobulins)

CSF findings in Multiple sclerosis (Oligoclonal Immunoglobulin Bands in 

Cerebrospinal Fluid, albumin, IgG)

Flow-Through Assay Devices (Immunofiltration Assay 

Devices)
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1 Aminotransferases 16280

2 Alkaline Phosphatase 16284

3 5'-Nucleotidase 16288

4 Gamma-Glutamyl Transferase 16292

C Pancreatic Enzymes 16296

1 Amylase 16300

2 Lipase 16304

3 Trypsin 16308

D Bone Enzymes 16316

1 Alkaline Phosphatase (Bone Isoform) 16320

2 Acid Phosphatase (Tartrate-Resistant) 16324

E Other Enzymes 16328

1 Lactate Dehydrogenase 16332

2 Cholinesterase 16336

F Red Cell Enzymes 16340

1 The Embden-Meyerhof Pathway (pyruvate kinase) 16344

2 16348

14 Tumor Markers 16380

A Clinical Utility of Tumor Markers 16384

1 Distribution of Tumor Marker Values 16388

2 Disease Management using Tumor Markers 16392

B Individual Tumor Markers 16396

1 Neuron-Specific Enolase 16400

2 Prostatic Acid Phosphatase 16404

3 Prostate-Specific Antigen 16408

4 Telomerase 16412

5 Calcitonin 16416

6 Alpha Fetoprotein 16420

7 Beta-2-microglobulin 16422

8 Carcinoembryonic Antigen 16424

9 Squamous Cell Carcinoma Antigen 16428

10 CA 15-3 16432

11 CA 125 16436

12 CA 19-9 16440

13 S-100 Proteins 16444

14 Thyroglobulin and Antibodies 16448

15 Chromogranins 16452

16 Estrogen and Progesterone Receptors 16456

17 Epidermal Growth Factor Receptor 16460

15 Carbohydrates 16490

A Chemistry of Carbohydrates 16494

1 Monosaccharides 16498

a Disaccharides 16502

b Polysaccharides 16506

Hexose Monophosphate Pathway (glucose-6 phosphate 

dehydrogenase)
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c Glycoproteins 16510

B Metabolism of Carbohydrates 16514

1 Digestion and Absorption of Carbohydrates 16518

2 Intermediary Metabolism of Carbohydrates 16522

3 Regulation of Blood Glucose Concentration 16526

C Diabetes Mellitus 16530

1 Classification of Diabetes Mellitus 16534

2 Pathogenesis of Type 1 Diabetes Mellitus 16538

3 Pathogenesis of Type 2 Diabetes Mellitus 16542

4 Diagnosis of Diabetes Mellitus 16546

5 Gestational Diabetes Mellitus 16550

6 Chronic Complications of Diabetes Mellitus 16554

7 Role of the Clinical Laboratory in Diabetes Mellitus 16558

D Hypoglycemia 16562

1 Hypoglycemia in Neonates and Infants 16566

2 Fasting Hypoglycemia in Adults 16570

3 Postprandial Hypoglycemia 16574

4 Hypoglycemia in Diabetes Mellitus 16578

5 Insulin, Proinsulin, C-peptide 16580

E Determination of Glucose in Body Fluids 16582

1 Specimen Collection and Storage for Glucose 16586

2 Glucose Methods 16590

3 Glucose Reference Intervals 16594

4 Measurement of Glucose in Urine 16598

5 Self-Monitoring of Blood Glucose 16602

6 Minimally Invasive Monitoring of Blood Glucose 16606

F Ketone Bodies 16610

1 Clinical Significance of Ketone Bodies 16614

2 Determination of Ketone Bodies in Body Fluids 16618

G Lactate and Pyruvate 16622

H Glycated Proteins 16626

1 Glycated Hemoglobin 16630

2 Fructosamine 16634

I Urinary Albumin Excretion 16638

1 Clinical Significance of Urinary Albumin Excretion 16642

2 Methods for Measuring Urinary Albumin Excretion 16646

J Autoantibodies of Diabetes Mellitus 16650

1 Islet Cell Autoantibodies 16654

2 Insulin Autoantibodies 16658

3 Glutamic Acid Decarboxylase Autoantibodies 16662

K Glycogen Storage Disease 16666

16 Lipids, Lipoproteins, Apolipoproteins, and Other Cardiovascular Risk Factors 16700

A Basic Lipid Biochemistry 16704

1 Basic Lipids 16708

2 Lipoproteins 16712
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3 Apolipoproteins 16716

4 Lipoprotein Metabolism 16720

5 16724

B Clinical Significance of Lipids 16728

1 Association of Lipids with Coronary Heart Disease 16732

a 16736

2 Disorders of Lipoprotein Metabolism 16740

3 Diagnosis of Lipoprotein Disorders 16744

4 Management of Lipoprotein Disorders 16748

C Measurement of Lipids, Lipoproteins, and Apolipoproteins 16752

1 Cholesterol 16756

2 HDL Cholesterol 16760

3 LDL Cholesterol 16764

4 Triglycerides 16768

5 Lipid Panel 16772

6 Apolipoprotein A 16776

7 Apolipoprotein B 16780

8 Apolipoprotein E 16784

9 Lipoprotein(a) 16788

17 Electrolytes and Blood Gases 16820

A Electrolytes 16824

1 Specimens for Electrolyte Determinations 16828

2 Sodium 16832

3 Potassium 16836

4 Electrolyte Exclusion Effect 16840

5 Chloride 16844

6 Bicarbonate (Total Carbon Dioxide) 16848

7 Anion Gap 16850

B Plasma and Urine Osmolality 16852

1 Principles of Osmotic Pressure and Osmosis 16856

C Sweat Testing 16860

1 Qualitative Screening Tests 16864

2 Quantitative Confirmatory Tests 16868

3 Reference Intervals for Sweat Chloride 16872

4 Sweat Stimulation and Collection 16876

5 Sources of Error in Sweat Testing 16880

6 Sweat Testing Quality Assurance 16884

D Blood Gases and pH 16888

1 Behavior of Gases 16892

2 Application of the Henderson-Hasselbalch Equation 16896

3 Blood Gas Measurements 16900

4 Oxygen in Blood 16904

5 Tonometry 16908

Reference Lipid, Lipoprotein Cholesterol, and Apolipoprotein Levels

National Cholesterol Education Program (NCEP) Guidelines
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6 Determination of PCO2, PO2, and pH 16912

7 Temperature Correction of Measured pH, PCO2, and PO2 16916

8 Continuous and Noninvasive Monitoring of Blood Gases 16920

18 Hormones 16950

A Hormone Classification 16954

1 Polypeptide or Protein Hormones 16958

2 Steroid Hormones 16962

3 Amino Acid-Related Hormones 16966

B Release and Action of Hormones 16970

1 Growth and Development 16974

2 Homeostatic Control of Metabolic Pathways 16978

3 Regulation of the Production, Use, and Storage of Energy 16982

C Role of Hormone Receptors 16986

1 Cell-Surface Hormone Receptors 16990

2 Intracellular Hormone Receptors 16994

D Postreceptor Actions of Hormones 16998

E Measurements of Hormones and Related Analytes 17002

1 Bioassay Techniques 17006

2 Receptor-Based Assays 17010

19 Catecholamines and Serotonin 17040

A Physiology of Catecholamine and Serotonin Systems 17044

1 Central Nervous System 17048

2 Sympathetic Nervous System 17052

3 Adrenal Medullary System 17056

4 Peripheral Dopaminergic System 17060

5 Enteric Nervous System 17064

B Clinical Applications 17068

1 Pheochromocytoma 17072

2 Neuroblastoma 17076

3 Dysautonomias and Genetic Disorders 17080

4 Carcinoid 17084

C Analytical Methodology 17088

1 Catecholamines, Metanephrines, VMA and HVA 17092

2 Serotonin and Metabolites 17096

20 Vitamins and Trace Elements 17120

A Nutritional Assessment and Monitoring 17124

1 Protein-Energy Status 17128

2 Vitamin and Trace Element Status 17132

3 Enzymes or Metabolites for Nutritional Assessments 17136

4 Markers of Antioxidant Status 17140

B Individual Vitamins 17144

1 Vitamin A 17148

2 Vitamin E 17152

3 Vitamin B1, Thiamine 17156

4 Vitamin B2, Riboflavin 17160
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5 Vitamin B6, (Pyridoxine, Pyridoxamine, and Pyridoxal) 17164

6 Vitamin B12, Cyanocobalamin 17168

7 Vitamin C, Ascorbic Acid 17172

8 Biotin 17176

9 Folic Acid 17180

10 Niacin and Niacinamide 17184

11 Pantothenic Acid 17188

C Nutritional Trace Elements 17192

1 Inborn Errors of Nutritional Trace Elements 17196

2 Laboratory Assessment of Nutritional Trace Element Status 17200

3 17204

D Iron, Transferrin, Hemochromatosis, Ferittin, and Hemoglobin 17220

E Hemoglobinopathy Variants and Thalassemias 17225

1 Alkaline & acid electrophoresis 17226

2 HPLC 17227

3 Capillary electrophoresis 17228

4 Isoelectric focusing 17229

5 Other Hemoglobinopathy analysis 17230

F Hemoglobin Species, Coox 17240

21 Porphyrins and Disorders of Porphyrin Metabolism 17250

A Porphyrin Chemistry 17254

1 Structure and Nomenclature, Chelation of Metals 17258

2 Spectral Properties and Solubility 17262

B Heme Biosynthesis 17266

1 Enzymes of Heme Biosynthesis 17270

C Excretion of Heme Precursors 17274

D Regulation of Heme Biosynthesis 17278

E Abnormalities of Porphyrin Metabolism 17282

1 The Porphyrias 17286

a Acute Intermediate Porphyria 17290

b Porphyria Cutanea Tarda 17294

c Other inherited porphyrias 17298

2 17302

3 Pseudoporphyria 17306

F Laboratory Diagnosis of Porphyria 17310

1 Patients with Symptoms of Porphyria 17314

2 Relatives of Patients with Porphyria 17318

G Analytical Methods 17322

1 Methods for Metabolites 17326

2 Methods for Blood Porphyrins 17330

3 Analysis of Plasma Porphyrins 17334

4 Enzyme Measurements 17338

22 Therapeutic Drugs and Their Management 17370

A Definitions and Basic Concepts 17374

Individual Nutritional Trace Elements (e.g. cobalt, copper, zinc, 

manganese, molybdenum, iodine, bromine, and selenium)

Abnormalities of Porphyrin Metabolism Not Caused by Porphyria
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1 Mechanism of Action 17378

2 Pharmacokinetics 17382

3 Drug Disposition 17386

4 Clinical Utility 17390

5 Analytical Techniques 17394

6 Pharmacogenetics 17396

B Specific Drug Groups 17398

1 Antiepileptic Drugs 17402

2 Cardioactive Drugs 17406

3 Bronchodilators 17410

4 Antibiotics 17414

5 Antiretrovirals 17418

6 Antipsychotic Drugs 17422

7 Antimetabolites 17426

8 Immunosuppressants 17430

23 Clinical Toxicology 17460

A Clinical Considerations and Analytical Considerations 17464

B Toxic Syndromes 17468

C Abstinence Syndromes 17472

D Screening Procedures for Detection of Drugs 17476

1 Spot Tests 17480

2 Determination of Toxic Substances by Serum Osmol Gap 17484

3 Immunoassay 17488

4 Planar Chromatography 17492

5 Gas Chromatography 17496

6 High-Performance Liquid Chromatography 17500

E Pharmacology and Analysis of Specific Drugs and Toxic Agents 17504

1 Agents That Cause Cellular Hypoxia 17508

2 Alcohols 17512

3 Analgesics (Nonprescription) 17516

4 Drugs Related to the Anticholinergic Toxidrome 17520

5 Ethylene Glycol 17524

6 Iron 17532

7 Organophosphate and Carbamate Insecticides 17536

8 Drugs of Abuse 17540

F On-Site Drug Testing 17544

1 Sequential Competitive Binding Microparticle Capture 17548

2 Immunoassay 17552

3 Homogenous Microparticle Capture 17556

4 Immunochromatography 17560

5 Solid Phase Competitive Sequential Enzyme 17564

a Immunoassay 17568

b Latex-Agglutination-Inhibition Immunoassay 17572

24 Toxic Metals 17600

A Basic Concepts 17604
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1 Prevalence of Metal-Based Toxicity 17608

2 Diagnosing Toxicity 17612

3 Classification of Metals 17616

4 Occupational Monitoring 17620

5 Analytical Methods 17624

B Specific Metals 17628

1 Aluminum 17632

2 Antimony 17636

3 Arsenic 17640

4 Beryllium 17644

5 Cadmium 17648

6 Chromium 17652

7 Cobalt 17656

8 Copper, Ceruloplasmin, Wilson disease 17660

9 Iron 17664

10 Lead 17668

11 Manganese 17672

12 Mercury 17676

13 Nickel 17680

14 Platinum 17684

15 Selenium 17688

16 Silicon 17692

17 Silver 17696

18 Thallium 17700

25 Cardiac Function 17730

A Cardiac Disease 17734

1 Congestive Heart Failure 17738

2 Acute Coronary Syndromes 17742

B Cardiac Biomarkers, Analytical Measurement, and Clinical Utility 17746

1 Cardiac Troponin I and T 17750

2 Brain Natriuretic Peptide and NT-proBNP 17754

3 Creatine Kinase Isoenzymes and Isoforms 17758

4 Myoglobin 17762

5 Lactate Dehydrogenase Isoenzymes 17766

6 C-Reactive Protein 17770

7 Homocysteine 17774

8 Cardiac Biomarkers, NOS 17778

C General Clinical Practice 17782

1 17786

2 17790

26 Kidney Disease 17820

A Kidney Function and Physiology 17824

1 17828

Strategies for the Role of Cardiac Troponin for Risk Assessment

Clinical Utility of Cardiac Markers in Monitoring Reperfusion Following 

Thrombolytic Therapy

Anatomy (Blood Supply, Nephron, Juxtaglomerular Apparatus, Renal 

Interstitium)
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2 Excretory and Reabsorptive Functions 17832

3 Regulatory Function 17836

4 Endocrine Function 17840

5 Glomerular Filtration Rate (GFR) 17844

6 Glomerular Permeability and Filtration Proteinuria 17848

B Diseases of the Kidney 17852

1 Uremic Syndrome 17856

2 Chronic Kidney Disease 17860

3 End-Stage Renal Disease 17864

4 Diabetic Nephropathy 17868

5 Hypertensive Nephropathy 17872

6 Glomerular Diseases 17876

7 Interstitial Nephritis 17880

8 Polycystic Kidney Disease 17884

9 Toxic Nephropathy 17888

10 Obstructive Uropathy 17892

11 Tubular Diseases 17896

12 Diabetes Insipidus 17900

13 Renal Calculi 17904

14 Cystinuria 17908

15 Prostaglandins and NSAIDs in Kidney Disease 17912

C Renal Replacement Therapy 17924

1 Dialysis 17928

2 Kidney Transplantation 17932

D Kidney Function Tests 17936

1 Creatinine 17940

2 Urea 17944

3 Uric Acid 17948

4 Cystatin C 17952

5 17956

6 Screening for Kidney Disease 17960

a Urinalysis 17964

b Microscopic Examination of Urine 17968

c 17972

7 17976

a Clinical Significance of Proteinuria 17980

b 17984

c Measurement of Urine Total Protein 17988

d Characterization of Proteinuria 17992

8 17996

a The Concept of Clearance 18000

b 18004

Urinary Osmolality (Assessment of Renal Concentrating Ability)

New Instrumental Techniques for Urine Examination

Proteinuria (Quantitative Assessment of Glomerular Permeability)

Markers Used for GFR (exogenous and endogenous)

Sample Collection for Total Protein and Albumin 

Measurement

Estimation of Glomerular Filtration Rate (GFR) (Assessment of Kidney 

Function)
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c Glomerular Filtration Rate (GFR) at the Extremes of Age 18008

27 Physiological Disorders of Water, Electrolyte, and Acid-Base Metabolism 18040

A Total Body Water-Volume and Distribution 18044

B Water and Electrolytes-Composition of Body Fluids 18048

1 Extracellular and Intracellular Compartments 18052

2 Reasons for Composition Differences of Body Fluids 18056

3 Distribution of Ions by Active and Passive Transport 18060

C Acid-Base Physiology 18064

1 Acid-Base Balance and Acid-Base Status 18068

2 18072

3 18076

4 Renal Mechanisms in the Regulation of Acid-Base Balance 18080

D Conditions Associated With Abnormal Acid-Base Status and Abnormal 18084

E Electrolyte Composition of the Blood 18088

1 Metabolic Acidosis (Primary Bicarbonate Deficit) 18092

2 Metabolic Alkalosis (Primary Bicarbonate Excess) 18096

3 Respiratory Acidosis 18100

4 Respiratory Alkalosis 18104

28 Liver Disease 18130

A Biochemical Functions of the Liver 18134

1 Hepatic Excretory Function 18138

2 Hepatic Synthetic Function 18142

3 Hepatic Metabolic Function 18146

4 Hepatic Storage Function 18150

B Clinical Manifestations of Liver Disease 18154

1 Jaundice 18158

2 Portal Hypertension 18162

3 Hepatorenal Syndrome 18166

4 Altered Drug Metabolism 18170

5 Nutritional and Metabolic Abnormalities 18174

6 Disordered Hemostasis in Liver Disease 18178

7 Enzymes Released from Diseased Liver Tissue 18182

C Diseases of the Liver 18186

1 Mechanisms and Patterns of Injury 18190

2 Disorders of Bilirubin Metabolism 18194

3 Hepatic Viral Infection 18198

a Acute Viral Hepatitis 18202

b Chronic Viral Hepatitis 18206

4 Autoimmune Hepatitis 18210

5 Autoimmune Cholangitis/Cholangiopathy 18214

6 Alcoholic Liver Disease 18218

7 Nonalcoholic steatohepatitis 18220

8 Cirrhosis 18222

9 Hepatic Glycogenoses 18226

10 Cholestatic Liver Diseases 18230

Buffer Systems and Their Role in Regulating the pH of Body Fluids

Respiratory Mechanism in the Regulation of Acid-Base Balance
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a Obstruction 18234

b Primary Biliary Cirrhosis 18238

c Primary Sclerosing Cholangitis 18242

11 Hepatic Tumors 18246

12 Inherited Disorders of Bilirubin Metabolism 18250

a Gilbert syndrome 18254

b Crigler-Najjar Syndrome 18258

c Dubin-Johnson Syndrome 18262

13 Hyperbilirubinemia of the Newborn 18266

D Diagnostic Liver Tests 18270

1 Hepatic Enzymes 18274

2 Albumin 18278

3 Prothrombin Time 18282

4 Bilirubin 18286

5 Antinuclear Autoantibodies 18290

6 Antimitochondrial Autoantibodies 18294

7 Smooth Muscle Autoantibodies 18298

8 Liver-Kidney Microsomal Autoantibodies 18302

29 Gastric, Pancreatic, and Intestinal Function 18330

A Physiology of the Gastrointestinal Tract 18334

1 Phases of Digestion 18338

B Processes of Digestion and Absorption 18342

1 Digestion and Absorption of Carbohydrates 18346

2 Digestion and Absorption of Lipids 18350

3 Digestion and Absorption of Proteins 18354

C Stomach: Diseases and Laboratory Investigations 18358

1 Determination of Basal Acid Output 18362

D Intestinal Disorders and Their Laboratory Investigation 18366

1 Celiac Disease (Celiac Sprue, Gluten-Sensitive Enteropathy) 18370

a 18374

b  IgG and IgA anti deamidated gliadin 18378

2 Ulcerative Colitis and Crohn’s Disease 18382

a Anti-Saccharomyces cerevisiae (ASCA) 18386

b p-ANCA 18390

3 Disaccharidase Deficiencies 18394

4 Bacterial Overgrowth 18398

5 Bile Salt Malabsorption 18402

6 Protein-Losing Enteropathy 18406

E 18410

1 Pediatric Disorders of the Exocrine Pancreas 18414

2 Adult Disorders of the Exocrine Pancreas 18418

3 Tests of Exocrine Function of the Pancreas 18422

F Gastrointestinal Regulatory Peptides 18426

1 Cholecystokinin 18430

2 Gastrin 18434

IgA and IgG anti-tissue transglutaminase (anti-tTG)

The Pancreas: Diseases and Assessment of Exocrine Pancreatic Function
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3 Secretin 18438

4 Vasoactive Intestinal Polypeptide 18442

5 18446

G Neuroendocrine Tumors 18450

1 Gastrinoma and the Zollinger-Ellison Syndrome 18454

2 18458

H Investigation of Maldigestion/Malabsorption 18462

1 Evaluation of Fat Absorption 18466

a Fecal fat 18470

b Fecal pancreatic elastase 18474

I Investigation of Chronic Diarrhea 18478

1 Laxative Abuse 18482

2 Fecal Osmotic (Osmolal) Gap 18486

30 Mineral and Bone Metabolism 18510

A Overview of Bone and Mineral Calcium 18514

1 18518

2 Measurement of Calcium 18522

3 18526

4 18530

5 Physiological Variation in Calcium 18534

6 Interpretation of Total and Free Calcium Results 18538

7 Urinary Calcium 18542

B Phosphate 18546

1 Biochemistry, Physiology, and Clinical Significance of Phosphate 18550

2 Measurement of Phosphate 18554

C Magnesium 18558

1 18562

2 Measurement of Total Magnesium 18566

3 Measurement of Free (Ionized) Magnesium 18570

D Hormones Regulating Mineral Metabolism 18574

1 Parathyroid Hormone 18578

2 Vitamin D and its Metabolites 18582

3 Calcitonin 18586

4 Parathyroid Hormone-Related Protein 18590

E Integrated Control of Mineral Metabolism 18594

1 Renal Handling of Calcium and Phosphate 18598

2 Intestinal Absorption of Calcium and Phosphate 18602

3 Bone Metabolism 18606

F Metabolic Bone Diseases 18610

1 Osteoporosis 18614

2 Osteomalacia and Rickets 18618

Glucose-Dependent Insulinotropic Peptide (GIP, Gastric Inhibitory 

Polypeptide)

The Watery Diarrhea Hypokalemia Achlorhydria Syndrome (Werner-

Morrison Syndrome, WDHA Syndrome, VIPoma)

Patient Preparation and Sources of Preanalytical Error for Total and Free 

Calcium Measurements

Biochemistry, Physiology, and Clinical Significance of Calcium

Reference Intervals for Total and Free Calcium in Serum and Plasma

Biochemistry, Physiology, and Clinical Significance of Magnesium
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3 Paget's Disease 18622

4 Renal Osteodystrophy 18626

G Biochemical Markers of Bone Turnover 18630

1 Preanalytical and Analytical Variables 18634

2 Markers of Bone Resorption 18638

3 Markers of Bone Formation 18642

31 Pituitary Function 18670

A Adenohypophysis 18674

1 Regulation of Function 18678

2 Growth Hormone and Insulin-like Growth Factors 18682

3 Prolactin 18686

4 Corticotropin (Adrenocorticotropin) and Related Peptides 18690

5 18694

6 Thyrotropin 18698

7 Assessment of Anterior Pituitary Lobe Reserve 18702

B Neurohypophysis 18706

1 Arginine Vasopressin 18710

2 Oxytocin 18714

32 The Adrenal Cortex 18740

A General Steroid Chemistry 18744

1 Chemical Structure and Biochemistry of Steroids 18748

B Adrenocortical Steroids 18752

1 18756

2 The Hypothalamic-Pituitary-Adrenal Cortical Axis 18760

3 Regulation of Adrenal Hormones 18764

4 Testing the Functional Status of the Adrenal Cortex 18768

C Disorders of the Adrenal Cortex 18772

1 Hypofunction of the Adrenal Cortex 18776

a Addison disease 18780

2 Hyperfunction of the Adrenal Cortex 18784

D Analytical Methodology 18788

1 Choice of Specimen 18792

2 Free Versus Bound Steroids 18796

3 Hydrolysis, Extraction, and Separation 18800

4 Specific Methods 18804

33 Thyroid 18830

A Thyroid Hormones 18834

1 18838

2 Metabolism and Physiology of Thyroid Hormones 18842

B Thyroid Dysfunction 18846

1 Hypothyroidism 18850

a Hashimoto’s Thyroiditis 18854

Gonadotropins (Follicle-Stimulating Hormone, Luteinizing Hormone)

General Biochemistry and Metabolism of Adrenocortical Steroids

Chemistry, Biological Function, and Biochemistry of Thyroid Hormones
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2 Hyperthyroidism 18858

a Graves Disease 18862

3 Nonthyroidal Illness 18866

4 Hypothyroidism Versus Euthyroid Sick Syndrome 18870

5 Hyperthyroid Versus Euthyroid Sick Syndrome 18874

6 Effect of Drugs 18878

7 Diagnosis of Thyroid Dysfunction 18882

C Thyroid Hormones and Binding Proteins 18886

1 Thyroid-Stimulating Hormone in Blood 18890

2 Thyroxine in Serum 18894

3 Triiodothyronine in Serum 18898

4 Reverse Triiodothyronine (rT3) 18902

5 Free Thyroid Hormones 18906

6 18910

7 Thyroglobulin 18914

8 Anti-Thyroid Peroxidase, Autoantibodies 18918

9 Anti-Thyroglobulin Autoantibodies 18922

10 18926

34 Reproductive Related Disorders 18950

A Male Reproductive Biology 18954

1 Anatomy and Hypothalamic-Pituitary-Gonadal Axis 18958

2 Androgens 18962

3 Male Reproductive Development 18966

4 Male Reproductive Abnormalities 18970

B Female Reproductive Biology 18974

1 Anatomy and Hypothalamic-Pituitary-Gonadal Axis 18978

2 Estrogens 18982

3 Progesterone 18986

4 Female Reproductive Development 18990

5 Female Reproductive Abnormalities 18994

6 Normal Menstrual Cycle 18998

7 Ovulation 19002

8 Irregular Menses 19006

C Infertility 19010

1 Male Infertility 19014

2 Female Infertility 19018

3 Assisted Reproduction 19022

D Reproductive Tests 19026

1 Total Testosterone in Blood 19030

2 Free and Weakly Bound Testosterone in Blood 19034

3 Testosterone in Saliva 19038

4 Testosterone Precursors and Metabolites in Blood 19042

5 Dehydroepiandrosterone and Its Sulfate 19046

6 17-Ketosteroids in Urine 19050

Thyroxine-Binding Globulin and Other Thyroid Hormone-Binding 

Proteins

Anti-Thyroid-Stimulating Hormone Receptor Autoantibodies
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7 Anabolic Steroids 19054

8 Estrogens in Blood 19058

9 Estriol 19062

10 Estrogens in Urine 19066

11 Estrogens in Saliva 19070

12 Progesterone in Blood 19074

13 Progesterone in Saliva 19078

35 Clinical Chemistry of Pregnancy 19110

A Human Pregnancy 19114

1 Conception, Embryo, and Fetus 19118

2 Placenta 19122

3 Amniotic Fluid 19126

4 Maternal Adaptation to Pregnancy 19130

5 Functional Development of the Fetus 19134

B Maternal and Fetal Health Assessment 19138

1 Clinical Specimens 19142

2 Diagnosis and Dating of Pregnancy 19146

C Complications of Pregnancy 19150

1 Abnormal Pregnancies 19154

2 Trophoblastic Disease 19158

3 Fetal Anomalies 19162

4 Preterm Delivery 19166

D Maternal Serum Screening For Fetal Defects 19170

1 Clinical Application of Prenatal Screening 19174

E Laboratory Tests 19178

1 Chorionic Gonadotropin 19182

2 Alpha Fetoprotein 19186

3 Unconjugated Estriol 19190

4 Dimeric Inhibin A 19194

5 Placental plasma protein A 19198

6 Fetal Fibronectin 19202

7 Cell-free fetal DNA for aneuploidy 19206

8 Amniotic Fluid Bilirubin (ΔA450) 19210

9 19214

36 Inborn Errors of Amino Acid, Organic Acid, and Fatty Acid Metabolism 19240

A Biochemical Diagnosis 19244

1 Prenatal Diagnosis 19248

2 Newborn Screening 19252

3 Evaluation of Symptomatic Patients 19256

4 Postmortem Screening 19260

B Disorders of Amino Acid Metabolism 19264

1 19268

2 Tyrosinemia Type 1 19272

Tests for Evaluating Fetal Lung Maturity (e.g. L/S ratio, lamellar body 

counts)

Classic Phenylketonuria and Other Hyperphenylalaninemias
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3 Homocystinuria 19276

4 Maple Syrup Urine Disease 19280

5 Urea Cycle Defects 19284

6 Nonketotic Hyperglycinemia 19288

C Disorders of Organic Acid Metabolism 19292

1 Disorders of Propionate Metabolism 19296

2 Isovaleric Acidemia 19300

3 Glutaric Acidemia Type I 19304

4 Ethylmalonic Encephalopathy 19308

D Disorders of Fatty Acid Oxidation 19312

1 Very Long-Chain Acyl-CoA Dehydrogenase Deficiency 19316

2 19320

3 Medium-Chain Acyl-CoA Dehydrogenase Deficiency 19324

4 Short-Chain Acyl-CoA Dehydrogenase Deficiency 19328

E Disorders of Carbohydrates 19329

1 Galactosemia 19330

F Analytical Considerations of Inborn Biochemical Errors 19332

1 Analysis of Amino Acids 19336

2 Analysis of Organic Acids 19340

3 Analysis of Acylcarnitines 19344

37 Laboratory Evaluation of Immunoglobulin Function and Humoral Immunity 19370

A General Properties of Immunoglobulins 19374

1 Immunoglobulin M, IgM 19378

2 Immunoglobulin G, IgG 19382

a IgG subclasses 19386

3 Immunoglobulin A, IgA 19390

4 Immunoglobulin D, IgD 19394

5 Immunoglobulin E, IgE 19398

B Clinical Significance of Immunoglobulins 19402

1 Hyperimmunoglobulinemia 19406

a Serum Immunoglobulin Concentrations 19410

b Polyclonal Immunoglobulins 19414

c Monoclonal Immunoglobulins (myeloma, MGUS) 19418

d Cryoglobulins 19422

e Bence Jones proteinuria 19424

2 Allergic Diseases 19426

a Mechanisms of Immediate Hypersensitivity 19430

b 19434

38 Mediators of Inflammation: Complement, Cytokines, and Adhesion Molecules 19460

A Structure and Function of the Complement System 19464

1 C3: Central Molecule of Complement Activation Pathways 19468

2 The Classical Pathway 19472

Trifunctional Protein and Long-Chain 3-Hydroxy Acyl-CoA 

Dehydrogenase Deficiencies

Laboratory Testing in the Evaluation of Allergic Diseases
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3 The Alternative Pathway 19476

4 The Mannan-Binding Lectin Pathway 19480

5 Terminal Complement Components 19484

6 Anaphylatoxins 19488

7 Regulation of Complement Activation 19492

8 Complement Receptors 19496

9 Complement Biosynthesis 19500

10 Complement Genetics 19504

11 Complement and Acquired Immunity 19508

B Genetic Complement Deficiencies 19512

C Assessment of Complement Activity in Disease 19516

D Complement in Disease States 19520

1 Rheumatologic Diseases 19524

2 Hereditary Angioedema 19528

3 Infectious Diseases 19532

4 Renal diseases 19536

5 Hematologic Diseases 19540

E Assays of Complement 19544

1 Functional Evaluation of the Classical Pathway 19548

2 Functional Evaluation of the Alternative Pathway 19552

3 Functional Assay of C1-inhibitor 19556

4 Complement Levels by Antigenic Assays 19560

F Cytokines 19564

1 Interleukin-1 to 27 19568

2 Transforming Growth Factor-β 19572

3 Tumor Necrosis Factor 19576

4 Interferon-ү 19580

39 Immunodeficiency Disorders 19610

A Clinical Signs and Symptoms of Immune Deficiency 19614

B Evaluation of the Immune System 19618

C First-Level Investigations 19622

1 19626

2 Immunoglobulins 19630

3 Radiological Imaging 19634

4 Pulmonary Functions 19638

D Second-Level Investigations 19642

1 Antibody Production 19646

2 IgG Subclasses 19650

3 T-Cell Immunity 19654

4 T-Cell Functional Assessment 19658

5 Polymorphonuclear Killing Assays 19662

6 Complement Evaluation 19666

E Third-Level Investigations 19670

1 Enzyme Measurements for Metabolic Defects 19674

2 Natural Killer Cell Assays 19678

Clinical History, Physical Examination and Initial Blood Count
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3 Additional Phagocyte Analyses 19682

4 Cytokines and Cytokine Receptors 19686

5 Additional Cell Surface Markers 19690

a MHC Class I and II Molecules 19694

b Treatment by targeting cell surface receptors 19698

6 Using Novel Immunogens to Assess Antibody Production 19702

7 Molecular Genetics and Prenatal Diagnosis 19706

F Acquired immunodeficiency 19710

1 HIV 19711

40 Clinical and Laboratory Evaluation of Systemic Rheumatic Diseases 19730

A Systemic Lupus Erythematosus and Related Lupus-Like Disorders 19734

1 Etiologic Factors in Systemic Lupus Erythematosus 19738

2 Diagnostic Criteria for Systemic Lupus Erythematosus 19742

3 ‘Lupus-Like’ Syndromes and Diseases 19746

4 Anti-nuclear Antibody Methods and Interpretation 19750

a ANA by Indirect Immunofluorescence 19754

b ANA by EIA 19758

c ANA by Multiplex bead assays 19762

5 Specific Autoantibodies in Systemic Lupus Erythematosus 19766

a Antibodies to Double-Stranded DNA 19770

b Antibodies to Single-Stranded (denatured) DNA 19774

c Antibodies to Sm and Nuclear Ribonucleoprotein 19778

d Antibodies to SS-A/Ro and SS-B/La 19782

e Antibodies to SS-A/Ro 19786

f Anti-Ku and Anti-Ki Antibodies 19790

g Antibodies to P Ribosomal Proteins 19794

h 19798

i 19802

6 Chronic Discoid Lupus and Other Cutaneous Variants 19806

7 19810

B Sjögren Syndrome 19814

C Scleroderma 19818

1 Antibodies to Centromere Antigens 19822

2 Antibodies to Scl-70 (DNA Topoisomerase I) 19826

3 Antibodies to RNA Polymerases 19830

D Rheumatoid Arthritis 19834

1 Rheumatoid Factor 19838

2 Antikeratin Antibody 19842

3 Anti-Citrullinated-Peptides (Anti-CCP) 19846

E Polymyositis and Dermatomyositis (Anti-Jo-1) 19850

F Overlap Syndromes 19854

Antibodies to Proliferating Cell Nuclear Antigen Multiprotein 

Complex

Antiphospholipid Antibodies in Systemic Lupus 

Erythematosus

Drug-induced Lupus Erythematosus, Antihistone, and Antichromatin 

Antibodies
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1 Mixed Connective Tissue Disease 19858

41 Vasculitis 19890

A Pathogenesis of Vasculitis 19894

B Antineutrophil Cytoplasmic Antibody 19898

1 c-ANCA (PR3) 19902

2 p-ANCA (myeloperoxidase) 19906

C Polyarteritis Nodosa 19910

D Churg-Strauss Syndrome 19914

E Microscopic Polyangiitis 19918

F Wegener’s Granulomatosis 19922

42 Neurological Autoimmunity 19950

A Myasthenia gravis 19954

1 anti-acetylcholine receptor antibody (ACHR) 19958

B Multiple Sclerosis 19962

1 CSF IgG synthesis rate 19966

2 Myelin basic protein 19970

3 Oligoclonal bands on CSF IEF 19974

43 Lab Management, Chemistry 19980

44 Lab Management, generic or general 19985


