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1. THE FOUNDATIONAL CONCEPTS OF CLINICAL PRACTICE

Nancy C. Tkacs, Linda L. Herrmann, Randall L. Johnson, and Loretta A.
Sernekos

PATHOPHYSIOLOGY AND THE PROCESS OF CLINICAL
DECISION-MAKING
BUILDING FROM A BASIC SCIENCE FOUNDATION:
CHAPTERS 2 TO 4

Chemistry (Chapter 2)
Biochemistry (Chapter 2)
Molecular Biology and Genetics (Chapter 3)
Cell Biology (Chapter 4)

ADVANCED PHYSIOLOGY AND PATHOPHYSIOLOGY:
CHAPTERS 5 to 17

Infectious Disease (Chapter 5)



The Immune System and Leukocyte Function (Chapter 6)
Neoplasia (Chapter 7)
Blood and Clotting (Chapter 8)
Circulation (Chapter 9)
Heart (Chapter 10)
Lungs (Chapter 11)
Kidneys (Chapter 12)
Gastrointestinal Tract (Chapter 13)
Liver (Chapter 14)
Nervous System (Chapter 15)
Musculoskeletal System (Chapter 16)
Endocrine System (Chapter 17)

CONNECTING THE DOTS
PATHOPHYSIOLOGY AND THE INDEPENDENT CLINICIAN

References

2. CHEMICAL AND BIOCHEMICAL FOUNDATIONS

Gioia Petrighi Polidori

THE CLINICAL CONTEXT
CHEMICAL FOUNDATIONS OF LIFE

Atomic Structure
The Periodic Table and Families of Elements
Electron Shells and Chemical Reactivity

 Thought Questions 1–3
Ion Formation and Roles in the Body

ACIDS AND BASES
COVALENT BOND STRUCTURE AND FORMATION

 Thought Questions 4 and 5



viii

CHEMICAL PATTERNS IN PHYSIOLOGY AND
PATHOPHYSIOLOGY

Nonpolar versus Polar Covalent Bonds
Molecular Geometry
Molecular Properties of Water
Hydrogen Bonding and Aqueous Solutions of Polar Molecules and

Ions
Hydrophobicity and Hydrophilicity

 Thought Questions 6 and 7
ORGANIC CHEMISTRY FOUNDATIONS

Carbon-Based Molecules
Major Organic Functional Groups
Major Biochemical Reaction Types

BIOMOLECULES BUILD FROM SMALL TO LARGE
Carbohydrates

Carbohydrate Molecular Formulas
Hydrophilic Nature of Carbohydrates
Functions of Carbohydrates
 Thought Questions 8 and 9

Lipids
Types of Lipids
Structure and Function of Lipids

Fatty acids and derivatives
Eicosanoids
Cholesterol and derivatives
Lipoproteins

 Thought Questions 10–12
Amino Acids and Proteins

Amino Acid Structures and Organic Functional Groups
Amino Acid Classes and Their Properties



Nonpolar amino acids
Uncharged polar amino acids
Acidic amino acids
Basic amino acids
Uncharged polar amino acids with a hydroxyl group

Specific Amino Acid Functions
Peptide Bond Formation
Protein Folding
Protein Functions
 Thought Questions 13–16

Nucleotides and Nucleic Acids
Structure of Bases, Nucleosides, and Nucleotides
Individual Nucleotide Contributions to Cell Energy Transfers and

Cell Signaling
Structural and Functional Aspects of RNA and DNA
The Principle of Complementary Base-Pairing
 Thought Questions 17 and 18

CONCLUSION: PHENYLKETONURIA REVISITED
KEY POINTS

References
Suggested Resource

3. MOLECULAR BIOLOGY, GENETICS, AND GENETIC
DISEASES

Sheila A. Alexander and Michael J. Groves

THE CLINICAL CONTEXT
INFORMATION TRANSMISSION WITHIN CELLS AND
BETWEEN CELL AND HUMAN GENERATIONS



DNA Structure
Molecular Biology of the Cell and DNA Replication

The Cell Cycle
Mitosis
Meiosis

DNA Replication
Exonucleolytic proofreading

RNA Function and Protein Synthesis
Transcription

Post-transcriptional processing
Regulation of transcription

Translation
The genetic code and reading frame
The ribosome
Translation processes
Post-translational processing

 Thought Questions 1 and 2
CONCEPTS IN GENETICS AND GENOMICS

Chromosome Terminology
Gene Terminology
Gene Variations

Single Nucleotide Polymorphisms
Point Mutations in Coding Regions
Deletion or Insertion Mutations
Frameshift Mutations
Trinucleotide Repeats and Other Copy Number Variants

Copy number variants
Inheritance: Mendelian and Non-Mendelian

Mendelian Inheritance
Autosomal dominant disorders



ix

Autosomal recessive disorders
Non-Mendelian Inheritance

X-linked dominant inheritance
X-linked recessive inheritance
Mitochondrial inheritance

Phenotypic Variability in Genetic Disorders: Penetrance and
Expressivity
Penetrance
Expressivity
Examples of Single Gene and Multifactorial Diseases

Marfan syndrome
Hereditary breast and ovarian cancer
Coronary artery disease
Major depressive disorder

 Thought Questions 3–5
TECHNICAL APPROACHES IN GENETICS AND GENOMICS

Family History and Pedigree Analysis
Obtaining the History
Genetic Red Flags

Karyotyping
Hybridization Arrays and Gene Chips
Whole Genome Sequencing
Research Approaches

Genome-Wide Association Studies
Candidate Gene Association Studies
Pathway Analysis

Direct-to-Consumer Testing
EPIGENETICS

 Thought Questions 6 and 7
PEDIATRIC CONSIDERATIONS



Theresa Kyle

Prenatal Identification of Genetic Disorders
Genetic Disorders Identified After Birth

KEY POINTS
References
Suggested Resources

4. CELL PHYSIOLOGY AND PATHOPHYSIOLOGY

Nancy C. Tkacs, Fruzsina K. Johnson, Robert A. Johnson, and Spencer
A. Rhodes

THE CLINICAL CONTEXT
OVERVIEW
CELL COMPONENTS

Cell Membrane
Cytoplasm
Nucleus
Ribosomes and Rough Endoplasmic Reticulum
Smooth Endoplasmic Reticulum
Golgi Apparatus
Mitochondria
Lysosomes
Peroxisomes
Cytoskeleton

MECHANISMS OF MEMBRANE TRANSPORT
Diffusion
Endocytosis and Exocytosis

Endocytosis
Exocytosis



Facilitated Diffusion
Active Transport

Primary Active Transport
Secondary Active Transport

Aquaporins
Ion Channels

 Thought Questions 1–3
MECHANISMS OF CELL SIGNALING

Overview of Signal Transduction
Autonomic Nervous System and Signaling by G Protein–Coupled

Receptors
G Protein–Coupled Receptors Linked to Adenylyl Cyclase
G Protein–Coupled Receptors Linked to Phospholipase C
G Protein GTPase Activity Is a Timing Mechanism

Cell Signaling by Cyclic Guanosine Monophosphate
Cell Signaling by Enzyme-Linked Receptors
Cell Signaling by Cytoplasmic and Nuclear Receptors
Summary of Cell Signaling

 Thought Questions 4–6
MECHANISMS OF CONTRACTILE CELLS

Overview of Contractile Cell Structure and Function
The Sarcomere of Skeletal and Cardiac Muscle
Mechanism of Myofibril Crossbridge Formation and Contraction
Comparison of Skeletal Muscle Fibers and Cardiac Muscle Cells
Mechanisms of Smooth Muscle Contraction
Summary of Muscle Cell Function

 Thought Questions 7 and 8
CELL RENEWAL, STRESS, AND CELL DEATH

Overview of Cell Renewal, Maintenance, and Adaptation
Overview of Cell Injury and Death



x

Tissue Responses to Acute, Severe Ischemia—Necrotic Cell Death
Apoptotic Cell Death
Autophagy
 Thought Questions 9 and 10

GERONTOLOGICAL CONSIDERATIONS

Lori St. John

Cellular Theories of Aging
Nine Hallmarks of Aging
Frailty

 Thought Questions 11 and 12
KEY POINTS

References
Suggested Resources

5. INFECTIOUS DISEASE

Ross S. Johnson, Jennifer Bailey, and Roseann Velez

THE CLINICAL CONTEXT
OVERVIEW OF INFECTIOUS DISEASE PATHOPHYSIOLOGY

Human–Microbe Interactions
Mechanisms of Protection from Pathogens
Portals of Pathogen Entry and Targets of Colonization
Pathogen Virulence Factors
Host Response Factors

 Thought Questions 1–3
MICROBIAL PATHOGENICITY

Overview
Characteristics of Pathogen Classes

Bacteria



Viruses
Fungi and Yeasts
Protozoa
 Thought Questions 4 and 5

CLINICAL CONCEPTS IN INFECTIOUS DISEASE
Methods of Pathogen Identification

Direct Observation
Culture-Based Methods
Antigen Identification
Molecular Methods

Drug-Resistant Pathogens
Antimicrobial Stewardship

 Thought Question 6
PATHOGENESIS OF SELECTED MICROBES

Streptococcus pyogenes
Methicillin-Resistant Staphylococcus aureus
Mycobacterium tuberculosis
Chlamydia trachomatis
Neisseria gonorrhoeae
Clostridioides difficile
Borrelia burgdorferi
Influenza Virus
Human Immunodeficiency Virus
Plasmodium Species

 Thought Question 7
PEDIATRIC CONSIDERATIONS

Laura Roettger

Norovirus
Measles, Mumps, and Rubella



GERONTOLOGICAL CONSIDERATIONS

Elizabeth Walsh, Candace Kastner, and Alyssa Bondy

Community-Acquired Pneumonia
Varicella-Zoster Virus
HIV

CASE STUDY 5.1
A Patient With Acute HIV Infection
Sampath Wijesinghe

CASE STUDY 5.2
A Child With Hand, Foot, and Mouth Disease
Stephanie L. Carper

BRIDGE TO CLINICAL PRACTICE
Ben Cocchiaro

KEY POINTS
References
Suggested Resources

6. THE IMMUNE SYSTEM AND LEUKOCYTE FUNCTION

Jo Kirman and Raffaela Ghittoni

THE CLINICAL CONTEXT
ROLE OF THE IMMUNE SYSTEM
INTRODUCTION TO HOST DEFENSESS

Overview of Physical and Chemical Barriers
Overview of the Innate Immune Response
Overview of the Adaptive Immune Response

 Thought Questions 1 and 2



FUNCTIONAL ANATOMY OF THE IMMUNE SYSTEM
Hematopoiesis
Cells and Tissues of the Immune System

B Cells Develop in the Bone Marrow
T Cells Develop in the Thymus
B Cells and T Cells Circulate Through the Lymphatic System
The Spleen
Gut-Associated Lymphoid Tissue
 Thought Questions 3 and 4

INNATE IMMUNITY
Acute Inflammation
Innate Immune Cells

Neutrophils
Basophils, Mast Cells, and Eosinophils
Monocytes and Macrophages
Dendritic Cells
Opsonization and Phagocytosis

Innate Lymphoid Cells
Activation of the Innate Inflammatory Response

Recognition of Pathogens and Tissue Damage
Sequence of Inflammation and Inflammatory Mediators
Resolving an Inflammatory Response

The Complement Pathway
Innate Responses to Viral Infection
Chronic Inflammation
Trained Innate Immunity
Transition from Innate to Adaptive Immunity: Antigen Presentation

and the Major Histocompatibility Complex
 Thought Questions 5–9

ADAPTIVE IMMUNITY



xi

B Cells are Responsible for Humoral Immunity
Antibody Structure
Antibody Classes
Steps in B-Cell Activation and Maturation
B-Cell Memory
Antibody Production
Clinical Applications of Antibodies
 Thought Questions 10 and 11

T-Cell Functions
Major Histocompatibility Complex Restriction
CD4 T-Cell Responses
T-Helper Subsets
CD8 T-Cell Responses
Unconventional T Cells: γδ T Cells, Mucosal-Associated Invariant

T, and Invariant Natural Killer T Cells
T-Cell Memory

Pathogen–Host Immune Evasion Mechanisms
Vaccination
Hypersensitivity

Type 1: Immediate Hypersensitivity
Type 2: Antibody-Mediated Hypersensitivity
Type 3: Immune Complex–Mediated Hypersensitivity
Type 4 (Delayed): T-Cell–Mediated Hypersensitivity

Autoimmunity
Immunodeficiency

 Thought Questions 12–14
IMMUNE RESPONSES ACROSS THE LIFE SPAN
PEDIATRIC CONSIDERATIONS

Jane Tobias



Type 1 Hypersensitivity in Children and Adolescents
Atopic Dermatitis
Food Allergies

GERONTOLOGICAL CONSIDERATIONS

Nancy C. Tkacs

Immune Cellular Senescence and Disease
Inflammaging

CASE STUDY 6.1
A Patient With Allergic Rhinitis
Linda W. Good

BRIDGE TO CLINICAL PRACTICE
Ben Cocchiaro

KEY POINTS
References
Suggested Resources

7. NEOPLASIA

Kolbrun (Kolla) Kristjansdottir, Thomas M. Bodenstine, and Sandhya
Noronha

THE CLINICAL CONTEXT
OVERVIEW OF CANCER PATHOPHYSIOLOGY
THE CELL CYCLE

Interphase
M-Phase (Mitotic Phase)
Exit and Reentry of the Cell Cycle
Control of the Cell Cycle
Checkpoints



 Thought Questions 1 and 2
PROPERTIES OF NEOPLASMS

Tumor Terminology
 Thought Questions 3 and 4

Characteristics of a Cancer Cell
Proto-Oncogenes, Oncogenes, and Tumor Suppressor Genes
Uncontrolled Proliferative Signaling
Evading Growth Suppressors
Genomic Instability
Enabling Replicative Immortality
Resisting Cell Death
Promotion of Angiogenesis
Invasive and Metastatic Ability

Recently Identified Cancer Cell Characteristics
Evasion of Immune Destruction
Cancer Cell Metabolic Alterations
 Thought Questions 5–7

CLINICAL ASPECTS OF NEOPLASIA
Pathophysiology of Cancer Manifestations and Treatment Sequelae
Biological Aspects of Gene Mutations and Cancer Risk Factors
Viral Causes of Cancer

 Thought Questions 8–10
GENOTYPING IN CANCER DIAGNOSIS AND TREATMENT

 Thought Questions 11 and 12
PEDIATRIC CONSIDERATIONS

Theresa Kyle

Overview of Pediatric Cancer
Leukemias
Bone Tumors



XII

Nervous System Tumors
GERONTOLOGICAL CONSIDERATIONS

Rita M. Jakubowski and Janet H. Van Cleave

Physiological Processes of Aging that May Promote Cancer
Development

Aging and Cancer: Practice Implications

CASE STUDY 7.1
A Patient With Breast Cancer
Beth Boyer

BRIDGE TO CLINICAL PRACTICE
Ben Cocchiaro

KEY POINTS
References
Suggested Resources

8. BLOOD AND CLOTTING

Allison Rusgo, Megan E. Schneider, Daniela Livingston, and Patrick C.
Auth

THE CLINICAL CONTEXT
OVERVIEW OF BLOOD AND CLOTTING
RED BLOOD CELLS

Erythropoiesis
 Thought Questions 1 and 2

Hemoglobin
Genetic Hemoglobinopathies

Iron
Vitamin B12 and Folate



 Thought Questions 3 and 4
GENERAL CONCEPTS IN ANEMIA

Iron-Deficiency Anemia (Microcytic Anemia)
Vitamin B12 Deficiency Anemia (Macrocytic Anemia)

Anemia of Chronic Inflammation
Anemia in Chronic Kidney Disease
Hemolytic Anemia

Glucose-6-Phosphate Dehydrogenase Deficiency
Autoimmune Hemolytic Anemia
 Thought Questions 5 and 6

HEMOSTASIS
Platelet Structure and Function
Modulation of Clotting and Anticlotting by Products of Arachidonic

Acid Metabolism
 Thought Questions 7 and 8

COAGULATION CASCADE
Laboratory Assessment of Clotting
Control of the Clotting Process

Endothelial Influences on Clotting
Plasmin and the Fibrinolytic Process
Cessation of Clotting Activity
Modulation of Clotting Activity by Anticoagulant Drugs
 Thought Questions 9 and 10

THROMBOEMBOLIC STATES
Specific Disorders of Hypercoagulation

Factor V Leiden and Other Genetic Disorders
Antiphospholipid Syndrome

STATES OF EXCESS BLEEDING
Thrombocytopenia
von Willebrand Disease



Coagulation Cascade–Associated Disorders
Hemophilia A
Cirrhosis-Related Coagulation Dysfunction
 Thought Questions 11 and 12

PEDIATRIC CONSIDERATIONS

Stephanie L. Carper

Developmental Changes in Red Blood Cell Measures
Iron-Deficiency Anemia
Hyperbilirubinemia
Sickle Cell Disease
Von Willebrand Disease

GERONTOLOGICAL CONSIDERATIONS

Linda L. Herrmann

Anemia
Changes in Bone Marrow
Hypercoagulability
Medication Effects on Blood and Clotting

CASE STUDY 8.1
A Patient With Pernicious Anemia
Allison Rusgo

CASE STUDY 8.2
A Patient With Deep Venous Thrombosis
Allison Rusgo and Michelle Zappas

BRIDGE TO CLINICAL PRACTICE
Ben Cocchiaro

KEY POINTS
References
Suggested Resources



xiii

9. CIRCULATION

Fruzsina K. Johnson, Robert A. Johnson, and Spencer A. Rhodes

THE CLINICAL CONTEXT
OVERVIEW OF CIRCULATORY STRUCTURE AND
FUNCTION

Homeostatic Functions of the Circulatory System
Organizing Principles of the Circulatory System

The Pulmonary Circulation
The Systemic Circulation

Structure and Properties of Blood Vessels
General Structure of Blood Vessels
Comparative Structure of Blood Vessels

PROPERTIES AND DISORDERS OF LARGE ARTERIES
Overview of Large Artery Structure and Function

Biophysics of Vascular Wall Tension (Law of Laplace)
Vascular hypertrophy
Vascular aneurysm

Biophysics of Vascular Compliance
Biophysics of Blood Flow Velocity and Shear Stress

Atherosclerosis: The Most Common Disease of Large Arteries
Overview of Large Vessel Diseases
Overview of Atherosclerosis
Stages of Atherosclerosis Development
Fate of Atherosclerotic Plaques

Stages of plaque growth and vessel narrowing
Plaque growth and aneurysm formation

Risk Factors for Atherosclerosis
Endothelial Vulnerability and Risk Factors Contributing to

Atherosclerotic Plaque Development



Endothelial vulnerability
Dyslipidemia: Altered blood lipoprotein levels
Hypertension
Smoking
Diabetes mellitus
Interactions among risk factors
Inflammation
Genetics of familial hypercholesterolemia
Risk reduction

Atherosclerotic Peripheral Arterial Disease
 Thought Questions 1–3

PROPERTIES AND DISORDERS OF ARTERIOLES
Overview of Arteriole Structure and Function

Biophysical Determinants of Blood Pressure
Determinants of Vascular Resistance
Distribution of Vascular Resistance in the Systemic Circulation
 Thought Questions 4 and 5

Regulation of Blood Pressure
Overview of Blood Pressure Control
Maintenance of Vascular Smooth Muscle Tone: Intrinsic, Neural,

and Local Mechanisms
The cellular basis of vascular smooth muscle control
Vascular autoregulation
Extrinsic vascular regulation
Neural and endocrine mediators that regulate vascular smooth

muscle contraction and arteriolar resistance
Local mechanisms of vascular smooth muscle control

Integration of Mediators Regulating Peripheral Resistance
Baroreflexes and Circulatory Control
Long-Term Blood Pressure Control by Hormones That Control



Blood Volume and Vascular Tone
 Thought Questions 6–8

Pathophysiology of Elevated Vascular Resistance: Hypertension
Definition and Causes of Hypertension
Hypertension Damages Several Organs
Management of Hypertension

Pathophysiology of Decreased Blood Pressure and Peripheral
Resistance: Shock
Definition of Shock
Common Shock Progression

Compensated shock
Decompensated shock
Irreversible shock and circulatory collapse

Forms of Shock
Hypovolemic shock
Distributive shock
Cardiogenic shock
Obstructive shock

Management of Shock
 Thought Questions 9–11

PROPERTIES AND DISORDERS OF CAPILLARIES
Overview of Capillary Structure and Function

Principles Governing Capillary Fluid Exchange
Lymphatics

Principles Governing Capillary Fluid Movement and Edema
Formation

 Thought Question 12
PROPERTIES AND DISORDERS OF VEINS

Overview of Venous Structure and Function, and Vulnerability to
Pressure Elevations



XIV

Venous Disorders
Varicose Veins
Deep Venous Thrombosis
 Thought Questions 13 and 14

PEDIATRIC CONSIDERATIONS

Randall L. Johnson

Embryological Development of the Circulatory System
Blood Pressure and Pediatric Hypertension

GERONTOLOGICAL CONSIDERATIONS

Susan Krekun and Linda L. Herrmann

Vascular Changes with Aging
Aging-Associated Vascular Disorders

CASE STUDY 9.1
A Patient With Hypertension
David A. Roberts and Michelle Zappas

CASE STUDY 9.2
A Patient With Edema
David A. Roberts and Michelle Zappas

BRIDGE TO CLINICAL PRACTICE
Ben Cocchiaro

KEY POINTS
References
Suggested Resources

10. HEART

Fruzsina K. Johnson, Robert A. Johnson, and Spencer A. Rhodes



THE CLINICAL CONTEXT
OVERVIEW OF CARDIOVASCULAR STRUCTURE AND
FUNCTION

Homeostatic Functions of the Heart
Structural Organization of the Heart

Cardiac Chambers and Valves
Membranes Protecting the Heart
Structure of the Heart Wall

Overview of Myocardial Cell Structure
Myocardial Oxygen Supply and Demand

CARDIAC ELECTROPHYSIOLOGY AND
PATHOPHYSIOLOGY

Myocardial Cell Ion Channels and Transporters
Structure of the Cardiac Conduction System
Cardiac Cell Action Potentials

Refractory Periods in Contractile Cardiac Muscle Cells
Supranormal Period in Contractile Cardiac Muscle Cells
Slow-Response Action Potentials in Pacemaker Cardiac Muscle

Cells
 Thought Questions 1 and 2

Functional Aspects of Cardiac Action Potentials
Slope of Phase 4 Depolarization in the SA Node Cells Regulates

Heart Rate
Pharmacological slowing of the heart rate by HCN inhibition

Cardiac Action Potentials Determine Conduction Speed in the
Heart
AV node conduction slows action potential propagation to the

ventricles
Alterations of fast-response action potentials can also influence

action potential conduction

L-Type Ca2+ Channels Play Multiple Roles in Cardiovascular



Function
 Thought Question 3

The ECG: Record of Cardiac Electrical Activity
Disorders of Cardiac Electrical Activity (Arrhythmias or

Dysrhythmias)
General Mechanisms of Arrhythmias

Altered impulse formation: Native and latent pacemakers,
escape rhythms

Ectopic pacemakers, triggered activity, and premature beats
Conduction blocks and reentry

Bradyarrhythmias
Sinus bradycardia and escape rhythms
AV conduction blocks

Tachyarrhythmias
Supraventricular versus ventricular tachycardias

Atrial Fibrillation
Definition
Mechanisms of atrial fibrillation
Functional consequences of atrial fibrillation

Ventricular Arrhythmias
Genetic Disorders Associated With Arrhythmias

Brugada syndrome
Long QT syndromes

 Thought Questions 4 and 5
CARDIAC PERFORMANCE PHYSIOLOGY

Cardiac Muscle
Histology
Parameters of Cardiac Function
Excitation–Contraction Coupling
Contractility, Preload, and Afterload: Determinants of Pump



Function and Stroke Volume
Sympathetic activity increases force of contraction and rate of

relaxation
Increase in preload increases stroke volume
Increased contractility augments preload effects on performance
Digitalis increases cardiac contractility by increasing

intracellular calcium
Increased afterload reduces stroke volume

Summary: Determinants of Cardiac Output
 Thought Questions 6-8

Cardiac Cycle
Viewing the Cardiac Cycle Using Pressure–Volume Loops
 Thought Question 9

CORONARY BLOOD FLOW ANDISCHEMIC HEART DISEASE
Cardiac Vasculature

Coronary Arteries
Coronary Veins

Cardiac Oxygen Supply and Demand
Determinants of Cardiac Oxygen Supply
Determinants of Cardiac Oxygen Demand

Coronary Artery Disease
Acute Coronary Syndromes

Non–ST-Elevation Myocardial Infarction and Unstable Angina
ST-Elevation Myocardial Infarction
Patterns of Ischemic Heart Disease in Women
Sequelae Associated with Myocardial Infarctions
 Thought Questions 10 and 11

HEART FAILURE
Left-Sided Heart Failure

Left Ventricular Failure With Reduced Ejection Fraction



xv

Heart Failure Stimulates Neurohormonal Compensation
Left-Sided Heart Failure Effect on Lung Vascular Volumes and

Pressures
Left Ventricular Failure With Preserved Ejection Fraction

Right-Sided Heart Failure
Management of Heart Failure

 Thought Questions 12 and 13
STRUCTURAL CARDIAC DISORDERS

Normal Structure of the Heart and Cardiac Valves
Valve Diseases

Types of Cardiac Murmurs
Aortic Valve Dysfunction

Aortic stenosis
Aortic regurgitation

Mitral Valve Dysfunction
Mitral stenosis
Mitral regurgitation
Mitral valve prolapse

Cardiomyopathies
Hypertrophic Cardiomyopathy

PEDIATRIC CONSIDERATIONS

Fruzsina K. Johnson, Robert A. Johnson, Spencer A. Rhodes, and Mary
B. Mehta

Normal Cardiac Development
Principles of Developmental Cardiac Anomalies

GERONTOLOGICAL CONSIDERATIONS

Susan Krekun

Age-Related Changes in Cardiac Structure
Age-Related Changes in Cardiac Function



Summary of Age-Related Cardiac Changes

CASE STUDY 10.1
A Patient With Heart Failure Symptoms

Lisa Rathman

CASE STUDY 10.2
A Patient With Angina

David A. Roberts

CASE STUDY 10.3
A Patient With Atrial Fibrillation

Linda W. Good

BRIDGE TO CLINICAL PRACTICE
Ben Cocchiaro

KEY POINTS
References
Suggested Resources

11. LUNGS

Nancy C. Tkacs, Charrell S. Porter, and Nicholas A. Barker

THE CLINICAL CONTEXT
OVERVIEW OF LUNG STRUCTURE AND FUNCTION

Structures of the Respiratory System
Mechanisms of Respiration
Anatomy and Histology of Airways and Alveoli
Mechanisms of Lung Protection

Cystic Fibrosis: A Genetic Disorder that Compromises Lung
Protection



Lung Volumes and Capacities
Lung–Chest Wall Interactions

Pleural Effusion
 Thought Questions 1–3

COMPLIANCE OF THE LUNGS AND CHEST WALL IN
HEALTH AND DISEASE

Surfactant and Lung Compliance
Emphysema

Diseases of Decreased Lung Compliance
Idiopathic Pulmonary Fibrosis

Chest Wall Compliance
 Thought Question 4

AIRWAY RESISTANCE
Overview of Airway Resistance
Forced Expiratory Maneuvers are Used to Assess Airway Resistance
Concepts in Obstructive Lung Disease

Asthma
Chronic Obstructive Pulmonary Disease
Obstructive Sleep Apnea
 Thought Questions 5–7

GAS EXCHANGE IN THE LUNGS
Overview of Gas Exchange
Oxygen–Hemoglobin Dissociation Curve

Influences on the Oxyhemoglobin Dissociation Curve
Effects of partial pressure of carbon dioxide and pH
Effect of 2,3-diphosphoglycerate
Effects of temperature

Hypoxia and Hypoxemia
Generalized Hypoventilation
Ventilation/Perfusion (V˙/Q˙) Mismatch



xvi

Shunt
Diffusion Limitation
 Thought Questions 8 and 9

LUNG VASCULAR CONSIDERATIONS
Cardiac Consequences of Pulmonary Disease
Pulmonary Embolism
Pulmonary Edema
Pulmonary Hypertension

 Thought Questions 10 and 11
PEDIATRIC CONSIDERATIONS

Randall L. Johnson

Lung Development
Respiratory Problems Associated with Preterm Birth
Lung Concerns in Infancy
Childhood Asthma

GERONTOLOGICAL CONSIDERATIONS

Ingrid Deming and Alison Fife

Pneumonia
Chronic Obstructive Pulmonary Disease (Chronic Bronchitis and

Emphysema)

CASE STUDY 11.1
A Child With Asthma

Stephanie L. Carper

CASE STUDY 11.2
A Patient With Chronic Bronchitis

Linda W. Good

BRIDGE TO CLINICAL PRACTICE
Ben Cocchiaro



KEY POINTS
References
Suggested Resources

12. KIDNEYS

Connie B. Scanga and Nancy C. Tkacs

THE CLINICAL CONTEXT
OVERVIEW OF KIDNEY STRUCTURE AND FUNCTION

The Kidney and Homeostasis
Overview of Body Fluid Compartments

Water: The Solvent of Body Fluids
Distribution of Fluids in the Body
Water Movement Between Fluid Compartments

Kidney Structure
Nephron Structure
Glomerular Function

Glomerular Vascular Structure and Glomerular Filtration
Barriers

Peritubular Capillary Reabsorption and Secretion
Understanding Renal Clearance and Glomerular Filtration Rate
 Thought Questions 1 and 2

GLOMERULAR INJURIES
Glomerular Injury by Immune Mechanisms
Diabetic Nephropathy
Hypertensive Nephropathy

 Thought Questions 3 and 4
REGULATION OF RENAL BLOOD FLOW AND
GLOMERULAR FILTRATION RATE



Autoregulation of Renal Blood Flow
Extrinsic Regulation of RBF and GFR
Importance of eGFR as the Indicator of Renal Function
Factors Reducing RBF and GFR in Disease States

 Thought Questions 5 and 6
STRUCTURE AND FUNCTION OF THE RENAL TUBULE

Tubular Transport Overview
Segmental Tubular Processing

Proximal Tubule
Loop of Henle
Distal Tubule
Late Distal Tubule and Collecting Duct
 Thought Questions 7 and 8

REGIONAL KIDNEY FUNCTION
Corticomedullary Osmolarity Gradient
Production of Concentrated Urine and Homeostatic Regulation of

Urine Composition and Osmolarity
CONCEPTS IN FLUID, ELECTROLYTE, AND ACID–BASE
BALANCE

Renal Compensation in States of Hypovolemia and Hypotension
Renal Compensation in States of Hypervolemia and Hypertension

 Thought Question 9
ACUTE KIDNEY INJURY–CHRONIC KIDNEY DISEASE
CONTINUUM

Assessment of Kidney Function
Mechanisms and Manifestations of Acute Kidney Injury

Kidney Stones
 Thought Question 10

Mechanisms and Manifestations of Chronic Kidney Disease
End-Stage Renal Disease



 Thought Questions 11–13
APOL1 and CKD Progression

PEDIATRIC CONSIDERATIONS

Theresa Kyle

Urinary System Development
Pediatric Disorders of Urinary Tract and Kidneys
GERONTOLOGICAL CONSIDERATIONS

Ryan Prince

Age-Related Changes in the Kidney
Clinical Considerations in Older Adults
Summary of Age-Related Concerns

CASE STUDY 12.1
A Patient With Chronic Kidney Disease

Kim Zuber and Jane S. Davis

CASE STUDY 12.2
A Patient With a Kidney Stone

Kim Zuber and Jane S. Davis

BRIDGE TO CLINICAL PRACTICE
Ben Cocchiaro

KEY POINTS
References
Suggested Resources

13. GASTROINTESTINAL TRACT

Wilson Crone



xvii

THE CLINICAL CONTEXT
OVERVIEW OF GASTROINTESTINAL STRUCTURE AND
FUNCTION

Alimentary Canal Structure and Motor Activity
Neural, Humoral, and Immune Regulation of Gastrointestinal

Function
Gastrointestinal Innervation
Gastrointestinal Hormones and Mediators Modulate

Gastrointestinal Function
Gastrointestinal Amine Neurotransmitters and Mediators
Gastrointestinal Immunology
 Thought Questions 1–3

PROPERTIES AND DISORDERS OF DIGESTIVE TRACT
ORGANS

Mouth
Salivary Glands
Esophagus

Disorders of the Esophagus
Esophageal obstruction
Esophageal varices
Esophagitis and gastroesophageal reflux disease
Esophageal cancer

Stomach
Disorders of the Stomach

Peptic ulcers
Gastroparesis
Vomiting

 Thought Questions 4 and 5
Small and Large Intestines
Pancreas



Acute pancreatitis
DIGESTION AND ABSORPTION

Overview of Macronutrient Digestion and Absorption
 Thought Questions 6 and 7

Principles of Micronutrient Absorption
Principles of Fluid and Electrolyte Absorption

IMMUNE-RELATED GASTROINTESTINAL DISORDERS
Celiac Disease
Inflammatory Bowel Disease

ABDOMINAL PAIN PATTERNS
Irritable Bowel Syndrome
Hemorrhoids

INTESTINAL FAILURE AND SHORT BOWEL SYNDROME
 Thought Questions 8 and 9

MALNUTRITION AND OBESITY
Lynch Syndrome
PEDIATRIC CONSIDERATIONS

Randall L. Johnson

Gastrointestinal Development and Function in Childhood
Gastroenteritis
Gastroesophageal Reflux
Hypertrophic Pyloric Stenosis
Intussusception
Hirschsprung Disease

GERONTOLOGICAL CONSIDERATIONS

Rosanna Reda

Age-Related Changes of the Gastrointestinal Tract
Age-Associated Alterations in Mastication
Dysphagia



Gastroesophageal Reflux Disease in Older Adults
Altered Digestion
Peptic Ulcer Disease
Constipation
Diverticular Disease

CASE STUDY 13.1
A Patient With Peptic Ulcer Disease
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