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Preface

This is the second edition of a comprehensive, yet concise review book for the USMLE Step 1 examination. This text reflects my original concept of maintaining a rapid-reading review book comprised of the key information necessary to ensure exam success. The material is directly based on the most current USMLE guidelines for testing.

For this text I have used the assistance of an exceptional group of clinicians from across the United States. Their collective experience in both teaching and the practice of medicine is without comparison. I hope that you enjoy this text both as an informative work and as an exceptional study aid for the important USMLE Step 1 examination.

Joel S. Goldberg, DO
Philadelphia, Pennsylvania
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How to Use This Book

USING THE BOOK AS A STUDY OUTLINE

When you begin to study, turn to the Contents to obtain an overview of this text. Review the material supplied by your school and the National Board of Medical Examiners, including the “Step 1 General Instructions, Content Description, and Sample Items.” It is important to have a full understanding of the design of the exam and the type of questions that will be asked.

Once you begin to study, do not omit any chapters in this text; instead, start at the beginning and read the book in its entirety. Notice that the outline format is streamlined to allow the rapid assimilation of facts in a minimal amount of reading time. Because extraneous and time-consuming information and phrasing have been omitted, working with Lange Outline Review: USMLE Step 1 for 1 hour will provide a database equivalent to that procured from several hours’ study of any other review text. Because the text is concise, it is vital that you be well rested and in a proper frame of mind for study and concentration. A quiet, comfortable, bright study area without glare is vital (with plenty of snacks nearby, of course!).

USING THE BOOK AS A QUICK REVIEW

In the final several weeks and days prior to your examination, Lange Outline Review: USMLE Step 1 will serve as a rapid review tool. As in the Step 2 text, this revolutionary new format, which completely covers the “high impact” fact list, will allow the handbook to be read quickly, with successful, easy assimilation of the core facts necessary for exam success.
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I. GENERAL PRINCIPLES

A. Gene Expression

1.  DNA Structure, Replication, and Exchange

Deoxyribonucleic acid (DNA), a nucleic acid polymer made of nucleotides (nucleotide is a nucleoside with phosphate groups). Four bases: adenine and guanine (purines) and cytosine and thymine (pyrimidines). DNA may also be double stranded, with two strands having phosphates on the outside and bases inside.

•  Watson–Crick pairing: Adenine is paired with thymine and cytosine with guanine. Sequence of bases on one strand known, able to deduce the other.

•  Z-DNA: Left-handed double helix.

•  A-DNA and B-DNA: Right-handed.

•  Negative supercoiling: Fewer base pairs per turn of the helix.

•  Positive supercoiling: More base pairs/turn.

•  DNA topoisomerase I: Relaxes supercoiled DNA.

•  Maxam and Gilbert: Chemical method to determine sequence of bases on DNA.

•  Sanger sequencing: Chain termination method to determine DNA base sequencing.

•  DNA denaturation or melting: Separating DNA strands by heating or changing the pH.

•  Southern blotting: Adding DNA to a denatured chain to determine the sequence.

•  Northern blotting: Same but with RNA.

2.  Transcription

•  Transcription: Conversion of DNA base sequence into RNA base sequence, brought about by an RNA polymerase.

•  Enhancers/silencers: DNA sequence that increases transcription.

•  Introns: Sequences present in the DNA but absent in the mRNA.

•  Exons: Sequences present in the mRNA.

3.  Translation

•  Translation: RNA bases changed into amino acid side chains.

•  Polyribosomes: Large RNA protein complex.

B. Structure and Function of Proteins

•  Protein: Linear amino acid polymers joined with peptide bonds, has two ends.

•  N-terminus: Free amino group end.

•  C-terminus: Carboxylate end.

C. Energy Metabolism

1.  Metabolic Sequences and Regulation

•  Metabolism: The controlled use and aquisition of energy.

•  Catabolism: Breakdown of molecules.

•  Adenosine triphosphate (ATP)/glutamyl transpeptidase (GTP): High-energy molecule that stores energy.

•  Anabolism: Building molecules.

Molecules broken down to make energy: Lipids, amino acids, carbohydrates. Carbohydrates as glucose convert to energy by way of glycolysis and the citric acid cycle. The citric acid cycle (Krebs cycle) generates ATP. The liver can store glucose as glycogen. Amino acid catabolism begins with removal of an amino group and results in creation of ammonia, which enters the urea cycle. Fatty acids are the source of most tissue energy (however, brain can use only glucose). β-Oxidation is the usual method of fatty acid catabolism.

•  Oxidative phosphorylation: Production of ATP linked to electron transport.

•  Gluconeogenesis: Creation of glucose from noncarbohydrate sources such as pyruvate, amino acids, and lactate.

•  Glycogenesis: Creation of glycogen.

•  Linoleic acid: Only fatty acid that can’t be synthesized by man.

•  Triglycerides: How fatty acids are transported.

2.  Amino Acids

Essential

Lysine

Arginine

Leucine

Phenylalanine

Valine

Isoleucine

Histidine

Methionine

Threonine

Tryptophan

Nonessential

Serine

Proline

Glycine

Tyrosine

Cystine

Alanine

Asparagine

Glutamine

II. BIOLOGY OF CELLS

•  Cytoskeleton: Collection of filaments (three types of filaments: microtubules, microfilaments, and intermediate filaments) and other material that determine cell shape and assist with intracellular transport.

•  Nucleus: Contains nucleoli that contain genes.

•  Histones: Small proteins.

•  Heterochromatin: Condensed DNA.

•  Euchromatin: Scattered DNA

•  Muscle: Striated, smooth, and cardiac.

•  Striated: Thick (made of myosin and attached to the M band) and thin filaments (made of actin and attached to the Z line) Duchenne’s muscular dystrophy is an X-linked disorder and defect of the thin filament attachments, resulting in disruption of plasma membranes.

•  Sarcomere: Distance from Z line to Z line.

Cells have an electrical gradient, due to uneven concentration of intra- and extracellular ions, resulting from plasma membrane pumps. Inside is more negative than the outside as there is increased Na+ outside and increased K+ inside.

Collagen is the most common protein in extracellular matrix, composed of three glycoprotein chains. Too little collagen: Ehlers–Danlos syndrome.

•  Cell injury: Cells may adapt such as when they atrophy or shrink, or when they enlarge (hypertrophy). Injury may be reversible (brief hypoxia) or irreversible (with prolonged hypoxia).

•  Apoptosis: Cell death normally happening in growth and development.

Important organelles found in cell cytoplasm:

•  Mitochondria “power” the cell.

•  Golgi apparatus helps to form lysosomes and secretory vesicles.

•  Lysosomes are the cell’s digestive system, contain enzymes.

•  Endoplasmic reticulum helps with cell metabolism and transporting substances within the cell.

•  Epithelium: Covers the body and forms gland tissue.

•  Endothelium: Lining of lymph channels, heart and blood vessels.

•  Mesothelium: Lines serous membranes of pericardial, pleural, and peritoneal cavities.

III. INFLAMMATION

•  Acute inflammation: Vasoconstriction (constriction of smooth muscle cells), then vasodilation, then hyperemia (increased blood in injury area), then transudation (fluid passing through capillaries), and finally edema.

•  Inflammation signs: Redness (rubor, from prostaglandins), heat (color, from thromboxanes), pain (dolor), and swelling (tumor, from histamine).

•  Chemotaxis: Cells moving toward site of inflammation.

•  Phagocytosis: Last stage of the acute cellular response to injury.
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IV. GENETICS

A. Embryogenesis

Haploid ovum if fertilized becomes a diploid zygote. Cleavage (mitotic division) becomes a ball of 12–16 cells (morula). Morula becomes a blastocyst with a center area. Embryo forms in the central area.

•  Neural tube: Forms brain and spinal cord.

•  Allantois: Vestigial growth off of the end of the yolk sac.

•  Coelom: Collection of sacs in the mesoderm at week three that form the peritoneum, serous pericardium, and pleura.

•  Somites: Segmented blocks of mesodermal cells that form the bones and spine muscles.

•  Organogenesis: During the first 8 weeks.

B. Gene Analysis

•  Pedigree: Symbolic mapping of the family tree.

•  Linkage analysis: A method of gene analysis where two loci that are close to each other are more likely to be transmitted together.

C. Population Genetics

Hardy–Weinberg Law: How the frequency of genotypes relate to the frequency of certain phenotypes.

D. Disease-Producing Mutations

•  Includes chromosomal disorders, single gene defects, and mosaicism.

•  Polyploidy: Extra complete sets of chromosomes.

•  Aneuploidy: Loss or addition of a single chromosome.

•  Translocations: Broken genetic fragments move between chromosomes.

•  Inversion: Reversal of the order of chromatin.

•  Down syndrome: Trisomy 21, three copies of chromosome 21.

•  Monosomy: Numerical chromosome abnormality (Turner’s syndrome, 45, X monosomy).

Lymphocytes

•  Pluripotent hematopoietic stem cells differentiate to form lymphocytes.

•  Two major types of lymphocytes:

•  T lymphocytes are processed by the thymus gland to form activated lymphocytes that provide cell-mediated immunity.

•  B lymphocytes are processed by the liver and bone marrow to form antibodies that provide humoral immunity.

Lipids—Substances that are soluble in fat solvents. Includes phospholipids and cholesterol.

V. LIFE CYCLE

Milestones—A child’s behavior and skills compared to others in similar grouping.

Stages of Cognitive Development by Piaget—Sensorimotor (to 18 months), preoperational (18 months–7 years), concrete operations (7–12 years), and formal (12 and on).

•  1 month: Lifts head.

•  6–8 months: Sits without support.

•  8–9 months: Stands without support.

•  11 months: Early words (15–18 months, 5–10 words).

•  14 months: Stands alone.

•  15 months: Walks alone.

•  18 months: Throws a ball.

•  24 months: Runs, up and down stairs, vocabulary of 200 words.

•  Age 2: Toilet trained.

•  Age 3: Copy circle.

•  Age 4: Copy cross.

•  Age 5: Copy square.

Menarche age 12 in girls on average, puberty ending at age 15. Sexual maturity in boys age 14 with puberty ending at age 17.

VI. NUTRITION

•  Water: 60% of body volume and weight (two-thirds intracellular, one-third extracellular).

•  Sodium: Major mineral of extracellular fluid.

•  Potassium: Major mineral of intracellular fluid.

•  Amino acids: The building blocks of proteins—grade I from fish and animals, grade II from plants.

•  Vitamins include fat soluble (A, D, E, K) and water soluble (B, C).

A. Functions of Vitamins

•  A (retinol): Assists with growth and vision (deficiency—night blindness, xerophthalmia [dry cornea and conjunctiva]), reproduction, and maintaining epithelial tissue. Found in yellow and dark green vegatables, fruits, butter, and eggs.

•  B1 (thiamine): Carbohydrate metabolism; deficiency leads to beriberi.

•  B2 (riboflavin): Deficiency leads to stomatitis, cheilosis, and glossitis.

•  B6 (pyridoxine): May have deficiency induced by tuberculosis (TB) treatment drug isoniazid.

•  B12 (cobalamin): Blood formation (deficiency—megaloblastic anemia); present in milk, eggs, shrimp, chicken, pork.

•  C (ascorbic acid): A coenzyme in hydroxylation reactions, collagen production; deficiency—scurvy, includes loose teeth, swollen joints, and anemia.

•  D: Sterols that help to regulate levels of calcium and phosphorus; deficiency causes osteomalacia in adults and rickets in children, excess is toxic.

•  Folic acid (folate): Important in purine biosynthesis and blood formation; found in green leafy vegetables, whole-grain cereals, liver; deficiency—megaloblastic anemia and growth failure. Early fetal neural tube development requires folate, so it is vital in women of childbearing age and pregnancy.

•  K: Clotting. Produced in the gut, also found in spinach, egg yolk, and cabbage. Deficiency may cause hypoprothrombinemia.

•  E: Antioxidant; deficiency leads to neurologic disorders. Found in vegetable oils and eggs.

•  Niacin (nicotinic acid): Deficiency leads to pellagra (diarrhea, dementia, and dermatitis). Niacin is used to treat type IIb hyperlipoproteinemia.

•  Biotin: Deficiency leads to seizures and myalgia. Biotin is a coenzyme in carboxylation reactions, found in milk and eggs. Deficiency rare.

•  Pantothenic acid: A component of coenzyme A.

B. Other Information

Thiamine deficiency in the United States is mostly seen in alcoholics, from impaired intestinal absorption, that may result in Wernicke–Korsakoff syndrome.

Heavy Metals

•  Arsenic leads to nausea, renal and gastrointestinal (GI) disorders; treatment may include penicillamine.

•  Iron injures the GI tract; treated with deferoxamine.

•  Lead leads to mental retardation; treated with ethylenediaminetetraacetic acid (EDTA).

•  Mercury leads to cognitive disorders, depression.

•  Silver leads to argyria (blue skin), treated with ferrocyanide and sodium thiosulfate.

C. Eating Disorders

•  Obesity: Too much fat, body mass index > 25 or body weight 20% over ideal.

•  Bulimia nervosa: Binge eating followed by induced vomiting.

•  Anorexia nervosa: Purposeful starvation, distorted body image, amenorrhea.

VII. TEMPERATURE REGULATION

Calorie and Nitrogen Balance

•  1 calorie = the energy it takes to raise 1 g of water 1 degree Centigrade.

•  1,000 calories = 1 kcal.

•  1 kcal = 1 food calorie.

•  Direct calorimetry measures energy expenditure by measuring heat output.

•  Indirect calorimetry measures oxygen use or CO2 production and calculates heat output.

•  Marasmus: Starvation (wasting of lean tissue).

•  Kwashiorkor: Adequate calories but insufficient protein.

•  Hypocalcemia: Tetany.

•  Low zinc: Growth retardation.

•  Radiation: Damages DNA.

•  Heavy metals: Multiple disorders with chronic exposure (mercury results in tremor and depression).

VIII. PHARMACODYNAMIC PRINCIPLES

Bioavailability: Amount of active drug dose that reaches the circulation.

Fick’s law of diffusion: Motion of drug across a membrane relating to the concentration, dQ/dt = (Diffusion constant)(Area) (dc/dx concentration gradient).

Henderson–Hasselbalch equation: Acid and base ionization ratio where for acids [image: Image]. For a base [image: Image].

Metabolism: May activate or inactivate a drug; liver is the major site of metabolism.

Excretion: Kidneys are main site of excretion.

Zero-order elimination: Constant amount of drug removed per time unit.

First-order elimination: Constant fraction removed per time unit.

LD50: Dose that will kill 50% of those who take it.

ED50: Dose that is effective in 50% of those who take it.

TI: Therapeutic index, a measure of drug’s safety, [image: Image] (higher index is safer).

Drug efficacy: The maximal effect of the drug.

Potency: Amount needed to cause a specific effect.

Agonists: Activate receptors by binding to them.

Antagonists: Interfere with the receptor effect, may be competitive or noncompetitive.

Noncompetitive antagonist: Prevents agonist binding or agonist effect.

Competitive antagonist: Competes with agonist binding site.

Partial agonist: Partially activates the receptor.

Effects of medications may be altered by placebo effect, body weight, kidney or liver function, age, sex, and tolerance.

•  Additive effects: Effects of two drugs add to each other.

•  Synergy: Two drugs have effects greater than their additive values.

A. Autacoids

•  Autacoids are hormones produced by tissues.

•  Four types of autacoids: purines (e.g., adenosine triphosphate), eicosanoids (prostaglandins, leukotrienes), biogenic amines (serotonin, histamine), and polypeptides (angiotensin, bradykinins).

B. Antimicrobials

•  Aminoglycosides, tetracyclines, and spectinomycin are protein synthesis inhibitors that affect the 30S bacterial ribosomal subunit.

•  Chloramphenicol, erythromycin, and clindamycin are 50S subunit inhibitors.

•  Quinolones inhibit the DNA gyrase.

•  Penicillins bind at the D-ala-D-ala site on transpeptidase.

•  Clavulanic acid: A β-lactamase inhibitor.

C. Antineoplastics

•  Methotrexate inhibits dihydrofolate reductase, an antimetabolite.

•  Other antimetabolites include cytarabine, 5-fluorouracil, mercaptopurine.

•  DNA alkylating agents include cisplatin, cyclophosphamide, melphalan.

•  Antibiotic agents include actinomycin D, bleomycin, mitomycin C, doxorubicin.

•  Hormonal agents include tamoxifen, estrogen, progestins, leuprolide.

D. Treatment of Heartburn and Gastroesophageal Reflux Disease (GERD)

•  Metoclopramide: Stimulates cholinergic receptors and blocks dopaminergic receptors. Increases lower esophageal sphincter (LES) tone (Reglan).

•  H2 antagonists: Inhibit H2 receptors (less stomach acid) (cimetidine [Tagamet], famotidine [Pepcid], nizatidine [Axid], ranitidine [Zantac]).

•  Proton pump inhibitors: Inhibit final pathway of acid secretion (potassium–hydrogen ATPase enzyme). Examples include lansoprazole (Prevacid), omeprazole (Prilosec), esomeprazole (Nexium), pantoprazole (Protonix), rabeprazole (Aciphex).

•  Sucralfate: Protects esophageal mucosa.

E. Treatment of Asthma

•  Leukotriene modifiers: Zileuton (Zyflo), zafirlukast (Accolate), montelukast (Singulair).

•  Bronchodilators: Albuterol (Proventil, Ventolin), metaproterenol (Alupent), terbutaline (Brethine), salmeterol (Serevent).

•  Inhaled anti-inflammatory agents (corticosteriods): Beclomethasone (Beclovent, Vanceril), budesonide (Pulmocort), fluticasone (Flovent), triamcinolone acetonide (Azmacort), flunisolide (Aerobid).

•  Inhaled anti-inflammatory agents (other types): Cromolyn sodium (Intal), nedocromil sodium (Tilade).

F. Treatment of Migraine

•  Migraine: Throbbing, unilateral, lasting hours to days, positive nausea, photophobia, family history often positive, more common in females.

•  Tension headache: Steady pain, bilateral, lasts up to months, more common in females.

•  Cluster headache: Steady pain, one orbit, severe intensity, lasts 30 minutes to several hours, nasal congestion, tearing eyes, not usually family history, more often in men.

Medications for Treatment

•  Triptans: Zomig, Axert, Amerge, Maxalt, Imitrex.

•  Vasoconstrictors: ergotamine (Cafergot), dihydroergotamine (DHE), isometheptene (Midrin).

•  Nonsteroidal anti-inflammatory drugs (NSAIDs): Many.

Medication for Prevention

•  Antiepileptics: Depakote, Neurontin.

•  Antiserotonin agents: Cyproheptadine (Periactin), methysergide (Sansert).

•  β-blockers: Atenolol, metoprolol, nadolol, propranolol.

•  Antidepressants: Fluoxetine (Prozac), Elavil.

•  Calcium channel blockers: Diltiazem, nifedipine, nicardipine, verapamil.

•  NSAIDs.

IX. BIOTERRORISM AGENTS

A. Anthrax

•  Organism is Bacillus anthracis, a gram-positive bacterium.

•  Disease may be inhalational, cutaneous, or GI.

•  Treatment: Ciprofloxacin or doxycycline.

B. Smallpox

•  Agent is variola virus, of the genus Orthopoxvirus.

•  Disease includes maculopapular rash on mucosa of mouth, face, and arms that spreads.

•  Treatment is isolation and supportive, vaccination preexposure or within a few days of exposure.

C. Botulism

•  Agent is Clostridium botulinum, a bacterium.

•  Disease may be transmitted via food, wounds, or inhalation, and includes symmetric paralysis, fever, ptosis, nausea, blurred vision.

•  Treatment includes support, equine antitoxin, immunoglobulin.

D. Plague

•  Agent is Yersinia pestis, a gram-negative bacillus.

•  Disease is septicemia, disseminated intravascular coagulation (DIC), shock, fever, weakness, swollen lymph nodes (bubo) in groin or axilla, pneumonia.

•  Treatment: Streptomycin, gentamicin, doxycycline, ciprofloxacin, or chloramphenicol.

•  Postexposure prevention: Doxycycline.

E. Tularemia

•  Agent is Francisella tularensis, a gram-negative coccobacillus.

•  Disease includes fever, headache, aches, cough, weakness, pneumonia.

•  Treatment includes gentamicin, streptomycin, or doxycycline.

•  Postexposure: Doxycycline.

X. MICROORGANISMS

•  Monera (bacteria, mycobacteria, mycoplasma, chlamydia, rickettsia).

•  Fungi (yeast, molds).

•  Protista (protozoa).

A. Bacteria

•  1–5 μm size.

•  Contain cell wall, membrane, ribosomes, cytoplasm, and genetic material.

•  May need oxygen (obligate aerobes), tolerate oxygen (facultative anarobes), or not tolerate oxygen (anaerobes).

•  Gram stain: Crystal violet, iodine, acetone, and counterstain (safranin or fuchsin).

•  Gram positive = purple.

•  Gram negative = red.

•  Acid-fast stain: Dye (carbolfuchsin), ethanol, and counterstain (green).

•  Acid-fast bacteria = red.

•  Non-acid-fast bacteria = green.

B. Viruses

All are obligate intracellular parasites that replicate in cells. Six parts of replication: (1) attachment, (2) penetration, (3) uncoating, (4) synthesis, (5) assembly, (6) release.

C. Fungi

•  Eukaryotic obligate or facultative aerobes that have cell walls.

•  Fungi consist of four phyla: Zygomycetes, Basidiomycetes, and Ascomycetes can sexually reproduce; Deuteromycetes reproduce asexually.

•  Mycoses: Infections caused by fungi.

D. Parasites

Includes protozoa (unicellular), helminths (multicellular), and arthropods (jointed).

•  Protozoa: Fecal–oral transmission, amebic dysentery, liver abscess.

•  Giardia lamblia: Fecal–oral transmission, acute or chronic diarrhea.

•  Cryptosporidium: Fecal–oral transmission, diarrhea, worse for immunosuppressed.

•  Leishmania: From bite of sandfly, causes kala-azar.

•  Trypanosoma: Tsetse fly bite, causes sleeping sickness, Chagas’ disease.

•  Toxoplasma gondii: From cat feces, raw meat.

•  Nematodes: Trichinella spiralis (undercooked pork), Strongyloides (directly penetrates skin), Necator americanus, Ascaris lumbricoides (diarrhea, pulmonary infiltrates, eosinophilia), Enterobius vermicularis (pinworms).

XI. VACCINES

•  Live attenuated (live but will not cause disease).

•  Whole cell killed (inactivated).

•  Recombinant (cloned nucleic acid code, tumor cell vaccine, cytokines).

XII. IMMUNE DISORDERS

Type I (immediate hypersensitivity) is anaphylactic.

Type II (cytotoxic hypersensitivity) from IgG/IgM antibodies and complement.

Type III (immune complex hypersensitivity) results from Ag/Ab complexes and includes Arthus reaction and serum sickness.

Type IV (delayed or cell-mediated hypersensitivity): > 12 hours to take place, resulting from activated T cells and macrophages.

  Examples:

Type I: Anaphylactic reaction.

Type II: Drug-induced reaction, incompatible blood transfusion.

Type III: Hypersensitivity pneumonitis.

Type IV: Reaction to PPD test on the skin.
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I. NORMAL PROCESSES

A. Embryonic Development, Fetal Maturation, and Perinatal Changes

The cardiovascular system is the first system to function in the embryo, and blood circulation begins by the third week. The blood vessels are derived from angioblastic tissue that arises in the mesenchyme.
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The cardiovascular system is derived from angioblastic tissue that arises in the mesenchyme. Splanchnic mesenchymal cells organize to form the cardiogenic cords. These form endothelial tubes (endocardial heart tubes) that fuse and thicken.



Two strands of splanchnic mesenchymal cells organize to form the cardiogenic cords. These form endothelial tubes (endocardial heart tubes) that fuse and thicken. The inner endocardial tube becomes the endocardium. The myoepicardial mantle becomes the myocardium and epicardium. As the tubular heart elongates, dilatations and constrictions develop that become the chambers. As the heart tubes fuse, the mesenchyme around them thickens into the myoepicardial mantle, which differentiates into three layers—outer (epicardium), middle (myocardium), and inner (endocardium).

In the fetus, the pulmonary and systemic circulations run in parallel, and the fetus can survive despite severe cardiac or pulmonary abnormalities. Blood is oxygenated in the placenta and enters the portal venous system. The transition from fetal to neaonatal circulation occurs as the lungs take over the function of oxygenation for the placenta (see Figure 2–1).
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Figure 2–1. Fetal circulation. Arrows indicate direction of flow.

B. Organ Structure and Function

1. Chambers, Valves

The heart is made up of four chambers. The right atrium receives venous blood from the superior vena cava (SVC) and inferior vena cava (IVC). Blood flows from the right atrium through the tricuspid valve to the right ventricle; through the pulmonic valve to the pulmonary artery; and on through the pulmonary vasculature, where it is oxygenated.
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The heart is made up of four chambers—two atria and two ventricles. Left-sided chambers serve as conduits for oxygenated (arterial) blood and right-sided chambers for deoxygenated (venous) blood.



The reoxygenated blood passes through the pulmonary veins to the left atrium. There are typically four pulmonary veins. From the left atrium, blood is pumped through the mitral valve to the left ventricle. From the left ventricle, blood is pumped through the aortic valve to the systemic circulation. Blood ultimately makes its way from the arteries to arterioles to capillaries to venules to veins and back to the right atrium.

2. Heart Sounds

The first heart sound has high-frequency sounds related to mitral valve and tricuspid valve closure (M1 and T1). Since the left ventricle begins to contract before the right, it may be possible to hear M1 separate from T1. The second heart sound has high-frequency sounds associated with the closure of the aortic and pulmonary valves (A2 and P2).
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The first and second heart sounds are related to mitral valve and tricuspid valve closure (M1 and T1) and closure of the aortic and pulmonary valves (A2 and P2), respectively. It is normal for the first heart sound to split on expiration and the second to split on inspiration. This is typically more noticeable in younger people.



The second heart sound may split on inspiration (physiologic splitting) due to increased right heart filling. A third heart sound (S3) is a low-frequency sound heard early in diastole. It can be a normal finding in young adults related to blood in the left ventricle rushing from the base to the apex. More typically, S3 is an abnormal finding and is heard in people with heart failure

The fourth heart sound (S4) is also a low-frequency sound that occurs late in diastole and is associated with atrial contraction. The intensity of S4 increases when the left ventricle has impaired filling (e.g., hypertension, myocardial ischemia, aortic stenosis, and acute myocardial infarction). An S4 is often present in people over age 60 but rare before then.

Ejection sounds related to the aortic and pulmonic valve are best heard with the diaphragm of the stethoscope and if present are heard after the first heart sound. Aortic ejection sounds are usually associated with bicuspid valves. Pulmonic ejection sounds are related to pulmonic stenosis. Midsystolic clicks are high-pitched sounds heard with the diaphragm at the apex and these are produced by prolapse of the mitral valve. An opening snap is heard with the diaphragm at the apex. It is heard in mitral stenosis and relates to valve opening.

3. Electrical Conduction System

The electrical conduction system is comprised of specialized cells that have the property of spontaneously discharging. The spontaneous discharge of the cells is determined by how quickly certain ions pass from intracellular to extracellular.
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The electrical conduction system is comprised of specialized cells that have the property of spontaneously discharging. The sinus node, which is located near the junction of the SVC and right atrium, has the greatest degree of automaticity (spontaneous discharge).



The sinus node has the greatest degree of spontaneous activity and is located in the high right atrium near the junction of the SVC. From there, the impulse travels via specialized tissue through the right atrium to the atrioventricular (AV) node, which is localized at the junction of the atrium and ventricle. The AV node serves to control how much of the electrical impulse travels from the atrium to the ventricle. From there, the impulse travels to the ventricle by way of the His–Purkinje system. The system divides into right and left bundles and on into smaller branches that carry the impulse throughout the right and left ventricle (see Figure 2–2).
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Figure 2–2. Schematic diagram of the cardiac conduction system. The right side of the heart (left) showing the sinus node, atrioventricular (AV) node, AV (His) bundle, and right bundle branch. The left side of the heart (right) showing incomplete anatomic separation of the left bundle into anterior and posterior fascicles. Ao, ascending aorta; AV, atrioventricular; CS, coronary sinus; CT, crista terminalis; FO, fossa ovalis; IVC, inferior vena cava; LA, left atrium; LV, left ventricle; PT, pulmonary trunk; PV, pulmonary valve; RA, right atrium; RV, right ventricle; SVC, superior vena cava.

4. Cardiac Cycle

The cardiac cycle is pictured in Figure 2–3. During systole, the ventricular pressure starts to rise rapidly almost immediately after the QRS complex is inscribed. The increase in ventricular pressure creates a pressure gradient between the ventricle and atrium that causes the mitral valve to close. Tricuspid valve closure follows shortly thereafter. As soon as left ventricular pressure rises above the pressure in the aorta, the aortic valve opens. The T wave is inscribed near the end of systole, and the ventricular muscle starts to relax. When the pressure in the left ventricle falls below the aortic pressure, the aortic valve closes and S2 is produced (see Figure 2–3). When pressure inside the relaxing ventricles falls below atrial pressure, the atrioventricular (AV) valves open. A new cycle begins.
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Figure 2–3. The cardiac cycle.
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The cardiac cycle has four separate periods, two during the relaxation phase (diastole), and two during contraction phase (systole). The phases are ventricular filling period—diastole; isovolumetric contraction period—systole; ventricular ejection period—systole; and the isovolumetric relaxation period—diastole.



5. Cardiac Output

The cardiac output (CO) is the volume of blood pumped by the ventricle per minute. It is the product of heart rate (HR) and stroke volume (SV) (CO = HR × SV). The SV is the amount of blood emptied from the left ventricle on each heartbeat and in the normal adult at rest is between 60 and 80 cc of blood. The resting CO will be between 4.2 and 5.6 L/min. The CO rises with exertion as a result of increases in heart rate and stroke volume. The cardiac index (CI) is the cardiac output normalized for body size. CI = CO/m2 BSA (body surface area). The normal CI = 2.4–4.2 L/min/m2.
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Cardiac output is the measure of blood pumped per minute by the heart and is the product of heart rate and stroke volume (CO = HR x SV). The CO is typically normalized for body size (CI = CO/m2 BSA). The normal CI = 2.4–4.2 L/min/m2.



6. Coronary Perfusion

Resting coronary blood flow is usually well preserved until there is severe narrowing (stenosis) of the vessel. With exercise, a normal coronary artery is able to dilate and increase coronary flow four to five times its resting value. When there is a 50% reduction in the diameter of the lumen, there is a reduction in the ability for the vessel to dilate normally and the flow reserve is reduced. The normal coronary anatomy is pictured in Figure 2–4.
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Figure 2–4. Coronary circulation. (Redrawn from L.S. Lilly, ed. Pathophysiology of Heart Disease. 2nd ed. Baltimore: Williams and Wilkins, 1988;9.)

Phase I (Atrial Contraction):

•  Phase 1 is initiated by the p wave (represents electrical depolarization of the atria) that causes contraction of the atrial musculature.

•  Pressure within the atria increases and a pressure gradient is generated across the atrioventricular (AV) valves causing a rapid flow of blood into the ventricles. Atrial contraction produces a small increase in venous pressure (“a wave” of the jugular pulse) that is followed by the x descent.

•  Following atrial contraction, the pressure begins to fall resulting in a pressure gradient reversal across the AV valves. The valves float upward before closure. At this time, the ventricular volumes are maximal, which is termed the end-diastolic volume (EDV).

Phase 2 (Isovolumetric Contraction):

•  Phase 2 is initiated by the QRS complex (ventricular depolarization). As the ventricles depolarize, there is a rapid increase in intraventricular pressure. The rate of pressure development is maximal (maximal ventricular dP/dt) early in phase 2.

•  The AV valves close as intraventricular pressure exceeds atrial pressure, resulting in the first heart sound (S1).

•  During the time period between the closure of the AV valves and the opening of the semilunar valves, ventricular pressure rises rapidly without a change in ventricular volume (isovolumetric contraction).

•  Atrial pressures increase due to venous return and possible bulging of AV valves back into the atrial chambers. The “c-wave” noted in the jugular pulse is thought to occur due to increased right atrial pressure that results from bulging of tricuspid valve leaflets back into right atrium. Just after the peak of the c wave is the x’-descent.

Phase 3 (Rapid Ejection):

•  When the intraventricular pressures exceed the pressures within the aorta and pulmonary artery, the aortic and pulmonic valves open and blood is ejected from the ventricles. Maximal outflow velocity is reached early in the ejection phase, and maximal systolic pressures are achieved.

•  Atrial pressure initially decreases as the atrial base is pulled downward, expanding the atrial chamber. Blood continues to flow into the atria from their respective venous inflow tracts.

Phase 4 (Reduced Ejection):

•  After the QRS complex, ventricular repolarization occurs (T wave). This causes ventricular active tension to decrease and the rate of ejection (ventricular emptying) to fall. Ventricular pressure falls below outflow tract pressure.

•  Atrial pressures gradually rise due to venous return.

Phase 5 (Isovolumetric Relaxation):

•  The ventricles continue to relax, and intraventricular pressures falls. Ultimately, pressure within the ventricles falls below that in the outflow tracts. The second heart sound (S2) is created as the aortic and pulmonic valves abruptly close (aortic precedes pulmonic). The dicrotic notch is caused by a small backflow of blood into the ventricles and is seen in the aortic and pulmonary artery pressure tracings.

•  Ventricular pressures decrease while volumes remain the same as all valves are closed. The difference between the end-diastolic volume and the end-systolic volume is ~70 mL and represents the stroke volume.

•  Atrial pressures continue to rise due to venous return.

Phase 6 (Rapid Filling):

•  When ventricular pressures fall below atrial pressures, AV valves open and ventricular filling begins. The ventricles continue to relax despite the inflow, which causes intraventricular pressure to continue to fall.

•  The opening of the AV valves causes a rapid fall in atrial pressures and a fall in the jugular pulse. The peak of the jugular pulse just before the valve opens is the v wave. This is followed by the y descent of the jugular pulse.

Phase 7 (Reduced Filling):

•  As the ventricles continue to fill with blood and expand, they become less compliant and the intraventricular pressures rise. This reduces the pressure gradient across the AV valves so that the rate of filling falls.

•  Aortic pressure (and pulmonary arterial pressure) continues to fall during this period.

C. Cell/Tissue Structure and Function

1. Heart Muscle, Metabolism, Oxygen Consumption, Biochemistry, and Secretory Function

Cardiac muscle metabolism is largely aerobic with little ability to generate energy anaerobically. Cardiac muscle metabolizes fat efficiently.

Heart rate, systolic blood pressure, wall thickness, left ventricular (LV) end-diastolic volume, and contractility determine myocardial oxygen consumption. During exercise, coronary arteriolar resistance decreases, allowing increased coronary flow and increased O2 consumption. Volume homeostasis is regulated through a complex endocrine system. Hypovolemia stimulates the synthesis and release of renin into the blood. Renin acts to convert angiotensinogen to angiotensin. Angiotensin-converting enzyme (ACE) modifies angiotensin I in the lung to angiotensin II. Angiotensin II, a vasoconstrictor, leads to release of aldosterone from the adrenal cortex. Aldosterone acts on the nephron and causes sodium and water retention. Ultimately, volume, preload, SV, CO, and blood pressure (BP) are increased. Atrial natriuretic peptide (ANP) also participates in volume regulation. As circulating volume is increased, ANP is released by cardiac myocytes. ANP inhibits antidiuretic hormone (ADH) release.

2. Neural and Hormonal Regulation of the Heart, Blood Vessels, and Blood Volume, Including Responses to Change in Posture, Exercise, and Tissue Metabolism

With abrupt positional changes such as standing up quickly, blood pools in the venous capacitance vessels of the legs and trunk. This results in a transient decrease in venous return. As a result, CO and BP fall transiently. Normally, autonomic reflexes are activated through baroreceptors in the aortic arch and carotid bodies. Compensatory changes occur primarily through activation of the sympathetics, which increases the catecholamine levels and augments the vasomotor tone. Sympathetic activation increases myocardial contractility. CO increases and arterial and venous vasoconstriction occurs. Vagal inhibition also increases the heart rate. On more sustained standing, ADH secretion and activation of the renin–angiotensin–aldosterone system occurs, leading to sodium and water retention.

In the presence of abnormalities that affect the autonomic reflex arc, these homeostatic mechanisms may be inadequate to restore the lowered BP. Conditions that can impair autonomics include certain drugs and neurologic disorders. Hypovolemia is the most common cause of symptomatic orthostatic hypotension and is often induced by diuretics.

D. Repair, Regeneration, and Changes Associated with Stage of Life

Cardiac cells have very limited ability to regenerate in response to cell damage since they do not divide. With aging, there is a modest increase in left ventricular hypertrophy (LVH) and increased stiffness or impedance in the central arterial system. There is also a generalized decrease in the ability to augment heart rate and contractility.

E. Cardiovascular Defense Mechanisms

New links have been found between the immune response and diseases of the heart and vasculature. Lymphoid cell infiltration has been shown to be an early event in the development of atherosclerosis.

Abnormal immune response has been implicated in plaque vulnerability, which can contribute to acute ischemic coronary syndromes. Following reperfusion of a coronary vessel in an infarcted area of the heart muscle, there is an intense inflammatory reaction that may extend injury.

II. ABNORMAL PROCESSES

A. Genetic Disorders

Hypertrophic cardiomyopathy (HCM) is a disease of the myocardium resulting in abnormal thickening and decreased compliance (abnormal diastole). In some patients, there is obstruction to LV outflow (obstructive hypertrophic cardiomyopathy). Patients with HCM may experience dyspnea, exertional syncope (mostly in obstructive HCM), and angina-like chest pains and may be at risk for serious arrhythmias. HCM is generally inherited. More than half of the patients inherit it as an autosomal-dominant condition.
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Hypertrophic cardiomyopathy (HCM) is a disease of the myocardium resulting in abnormal thickening and decreased compliance (abnormal diastole). It generally has a genetic basis but can arise as a spontaneous mutation. Patients with HCM may be at higher risk for sudden cardiac death.



Multiple genotypes have been described, and the most common affects the β-myosin heavy chain. Phenotypic expression varies greatly and will determine the course of the disease including age of onset, symptoms, and survival. Spontaneous mutations can comprise up to 40% of cases in the elderly population. People with spontaneous mutations have about a 50% chance of transmitting the disease to each of their offspring. Family screening is recommended for the families of patients presenting with HCM.

The congenital long QT syndromes are relatively rare but can lead to torsades de pointes and may lead to sudden death. The genetic basis for at least three congenital long QT syndromes is known. Two involve potassium channels, and the third involves a sodium channel. Patients with the long QT syndrome are at much greater risk if they receive medications that further prolong the QT interval or if they develop hypokalemia. Other genetic disorders affecting the heart are listed in Table 2–1.

2-1
COMMON GENETIC DISORDERS AFFECTING THE HEART
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B. Congenital Disorders

Congenital heart disease usually manifests at birth or shortly thereafter. Congenital defects can be classified as cyanotic or noncyanotic. In cyanotic congenital heart disease, the circulation defect results in right-to-left shunting of blood, mixing deoxygenated blood with the systemic circulation, resulting in cyanosis and hypoxemia. Cyanotic defects include transposition of the great vessels (aorta and coronaries arise from the right ventricle), total anomalous pulmonary venous return (oxygenated blood from the lungs enters the right atrium rather than the left), truncus arteriosus (single ventricle with a single great vessel replacing the separate aorta and pulmonary artery), tricuspid atresia (absent tricuspid valve so the right atrium and right ventricle do not connect), and tetralogy of Fallot. Tetralogy of Fallot accounts for about 10% of congenital heart disease and is the most common cause of cyanotic heart diseases in infants. It has four components, including ventricular septal defect (VSD), obstruction to the right ventricular outflow, overriding aorta, and right ventricular hypertrophy (RVH). The classic finding on chest x-ray for tetralogy of Fallot is a boot-shaped heart.
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Congenital heart disease can be divided into those that cause cyanosis (e.g., transposition of the great vessels, total anomalous pulmonary venous return, truncus arteriosus, tricuspid atresia, and tetralogy of Fallot) and noncyanotic (e.g., atrial septal defect, bicuspid aortic valve, ventricular septal defect, pulmonary stenosis, and coarctation of the aorta.



Atrial septal defect (ASD) and bicuspid aortic valve are the two most common congenital heart lesions seen in adults. ASDs can occur near the right atrial junction with the vena cava (sinus venosus defect), low in the right atrial septum (ostium primum defect), or near the fossa ovales (ostium secundum defect).

Shunting can occur across these defects, but patients may remain asymptomatic until adulthood. Long-standing left-to-right shunting can lead to pulmonary hypertension and heart failure. If symptoms are present related to atrial septal defect, they might include dyspnea on exertion, fatigue, and atrial arrhythmias. A VSD is the most common malformation seen in children. Most children who survive to adulthood without surgical correction of the defect will undergo spontaneous closure.

Bicuspid aortic valves generally function normally at birth and can go undetected for many years. Most bicuspid valves eventually undergo some changes. Progressive fibroelastic thickening of the bicuspid valves is a common cause of aortic stenosis in young patients. Bicuspid valves are the most common underlying cause for patients undergoing surgery for isolated valvular aortic regurgitation.

Pulmonary stenosis and coarctation of the aorta are less common congenital lesions seen in the adult. If severe enough, pulmonary stenosis can lead to right heart failure. Coarctation of the aorta is a narrowing of the descending thoracic or abdominal aorta. Usually, the narrowing is distal to the left subclavian artery. It is more common in men than in women. Coarctation is often associated with a bicuspid aortic valve (25% of cases). Coarctation can lead to upper extremity hypertension and lower extremity hypotension. Eisenmenger’s complex refers to congenital heart lesions in which shunting occurs and pulmonary hypertension is present and severe enough to reverse flow across the defect. This causes right-to-left shunting and cyanosis, and it can occur as a result of several types of lesions.

Although mitral valve prolapse (MVP) is often associated with congenital heart disease, prolapse itself is not caused by a congenital malformation of the valve. The most common cause of MVP is a myxomatous degeneration of the valve.

Congenital anomalies of the coronary arteries are rare but can lead to serious consequences. For example, if the left coronary artery follows an anomalous course between the aorta and right ventricular outflow track, obstruction of the artery can occur and result in myocardial ischemia or infarction at an early age.

C. Infectious, Inflammatory, and Immunologic Disorders

1. Infectious Disorders

a. Endocarditis—Infectious endocarditis is uncommon in a structurally normal heart. In 60–80% of non–intravenous drug users who develop endocarditis, there is some underlying pathology of the affected valve. The congenital heart lesions associated with increased risk for endocarditis include: aortic coarctation; VSD; bicuspid aortic valve; tetralogy of Fallot; moderate to severe pulmonic stenosis; mitral or tricuspid regurgitation (severe); and patent ductus arteriosus (PDA). Congenital heart disease accounts for the underlying cardiac lesion in about 10–20% of adults with infective endocarditis.

With the declining incidence of rheumatic heart disease, the association between infective endocarditis and rheumatic heart disease has decreased. Today, it is seen as the underlying pathology in about 30% of adults with endocarditis. Intravenous drug users are at high risk for infective endocarditis, which usually affects the tricuspid valve. Bacteremia is common in these patients and most commonly involves Staphylococcus aureus (50–60%). Other organisms that are seen with drug abuse and endocarditis include streptococci, enterococci, and gram-negative bacilli (e.g., Pseudomonas and Serratia) and fungi.

The mortality rates of infective endocarditis have decreased with the use of antibiotics, but the overall incidence of endocarditis has increased somewhat owing to the aging population, greater number of people with prosthetic valves, and increased survival of people with congenital heart disease.

b. Myocarditis—Myocarditis is an inflammatory process involving the myocardium. The major causes of myocarditis include infectious, allergic, toxic, or drug related and postpartum or peripartum. Other causes include systemic diseases such as vasculitis or connective tissue diseases. The infectious agents associated with myocarditis include viral, rickettsial, protozoal, metazoal, and bacterial infections. The viral infections most commonly associated with myocarditis include coxsackie B, Lassa virus, and human immunodeficiency virus (HIV).

The bacterial infections associated with myocarditis include diphtheria, meningococcal, Clostridium perfringens, Mycoplasma pneumonia, psittacosis, and spirochetal infections. Alcohol is the most common toxic agent associated with myocarditis.
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Valvular heart disease may range from mild to severe. Symptoms can develop as disease progresses, but two-dimensional echocardiogram can be quite useful in monitoring severity and progression of disease. Timing of surgical intervention is important to prevent irreversible damage and will vary depending on the particular valvular lesion.



The most common cause of myocarditis in the United States is viral. The mechanism of injury is thought to be immunological with a viral-related development of cell surface antigen. The resulting antigen–antibody complexes cause cell damage. Patients with myocarditis can present with either minimally or highly symptomatic states. The symptoms are often subclinical when the patient presents for evaluation of the underlying infectious process. If symptoms are present, they may include signs of myocardial dysfunction, including shortness of breath, fatigue, and palpitations. They may also have atypical chest discomfort and tachycardia.

c. Pericarditis—Pericarditis arises as a result of inflammation of the pericardium. Most cases of pericarditis are categorized as idiopathic, but viral infection may well cause some of these cases. Several viruses, including coxsackie A and B, Epstein–Barr virus, HIV, varicella-zoster, influenza, and mumps can lead to pericarditis. Uremia and inflammation post–myocardial infarction can lead to pericarditis (Dressler’s syndrome).

Pain associated with pericarditis is often positional in nature and may vary with respiration. A friction rub may be heard unless the amount of fluid is significant, in which case the friction rub will be less noticeable. Electrocardiographic changes of pericarditis include diffuse ST segment changes. Lead aVR will often show ST-segment depression.

The treatment generally involves use of nonsteroidal anti-inflammatory agents (NSAIDs) such as indomethacin. Corticosteroids may be used in patients who do not respond to NSAIDs. Narcotic agents may be needed for pain.

2. Inflammatory Disorders (e.g., Acute Rheumatic Fever)

Acute rheumatic fever is uncommon in the United States today. The acute syndrome is a systemic inflammatory disease secondary to a recent streptococcal soft tissue infection. Rheumatic heart disease is the most common cause of mitral stenosis. The time between the acute infection and the development of mitral stenosis may be as short as 2 years, but more typically will take several years to develop. Rheumatic heart disease can also affect the other valves of the heart in this order: aortic regurgitation, mitral regurgitation, and aortic stenosis. Tricuspid valve disease secondary to rheumatic fever is uncommon.

D. Traumatic and Mechanical

1. Mitral Valve Prolapse

MVP is caused by protrusion or prolapse of a portion of the mitral valve into the left atrium during systole. The MVP syndrome is sometimes referred to as the click murmur or Barlow syndrome. MVP is the most common cardiac valvular abnormality. Its incidence is about 3–5%, with a 2:1 female predominance. Clinical manifestations of MVP can range from completely asymptomatic to atypical chest pains to severe symptoms secondary to mitral regurgitation. Patients may also develop ventricular arrhythmias. In MVP the leaflets may be redundant. Because of abnormal tension on the chordae, cordal rupture can occur, leading to severe mitral regurgitation. Patients with MVP associated with mitral regurgitation are recommended to take antibiotic prophylaxis for procedures potentially associated with bacteremia (e.g., dental procedures).

2. Mitral Regurgitation

Mitral regurgitation can develop as a result of structural abnormalities of the mitral valve leaflets or annulus. It can also develop in dilated cardiomyopathy as a result of dilatation of the mitral annulus. The murmur of mitral regurgitation is holosystolic and is best heard over the apex. The murmur generally radiates toward the axilla and is best heard with the patient lying in the left lateral decubitus position. The LV impulse may be very hyperdynamic. The intensity of the murmur does not always correlate with the severity of the lesion.

3. Mitral Stenosis

In mitral stenosis, the thickened leaflets become noncompliant and partially fused, resulting in obstruction of blood flow from the left atrium to the left ventricle. The left atrial pressure and pulmonary pressures can become elevated. Atrial fibrillation occurs as the left atrium dilates. In atrial fibrillation, blood flow is less brisk and clots can form, and systemic emboli including stroke can occur.

The murmur of mitral stenosis is heard as a diastolic rumble and is best heard directly over the LV apex. An opening snap may be heard, and S1 is accentuated in mild to moderate mitral stenosis. S1 diminishes as the disease progresses. Dyspnea is the classic presenting symptom for a patient with mitral stenosis. The severity of mitral stenosis is determined by the magnitude of the pressure gradient across the mitral valve. During diastole, the pressure in the left atrium will be greater than the pressure in the LV. Echocardiography is an excellent way of determining the severity of mitral stenosis.

4. Aortic Regurgitation

Long-standing hypertension is a common cause of aortic regurgitation because of prolonged increased peripheral resistance. Inflammatory disease of the aortic valve such as rheumatic fever, rheumatoid arthritis, or ankylosing spondylitis can cause aortic regurgitation. Other causes include connective tissue disorders (e.g., Marfan’s syndrome or Ehlers–Danlos syndrome), congenitally malformed valves, or prolapse of a leaflet secondary to longstanding VSD, torn cusp from trauma or dissecting aortic aneurysm, and infective endocarditis. Although chronic aortic regurgitation is well tolerated, acute forms are poorly tolerated.

The major symptom of aortic regurgitation is dyspnea. Aortic regurgitation can result in congestive heart failure. Unless it goes undetected and untreated for prolonged periods of time, aortic regurgitation rarely leads to irreversible LV dysfunction.

Findings on physical exam in patients with aortic regurgitation vary depending on the severity of the disease. In general, the murmur is a decrescendo diastolic murmur heard at the right upper sternal border. The murmur is best heard on expiration. A third heart sound (S3) is common. An additional murmur (Austin Flint murmur) that resembles the sound of mitral stenosis may be present (results from an interaction between the regurgitant jet and the mitral valve inflow). The pulse pressure may be wide with aortic regurgitation, and the diastolic pressure is often low, giving rise to bounding pulses (Quincke’s pulses). The chest x-ray in people with aortic regurgitation will often show LVH and cardiomegaly. Echocardiography is useful in determining the severity and confirming the diagnosis.

5. Aortic Stenosis

The most common cause of aortic stenosis in older patients is senile calcific degeneration. In younger patients, the most common cause is degeneration of a congenital bicuspid aortic valve.

Rheumatic fever is seen as a cause of aortic stenosis less frequently than in the past. Rarely, aortic stenosis can be caused by methysergide, a vasodilator used to treat migraines.

The natural history of aortic stenosis depends on the severity of the lesion. For patients with moderate stenosis (valve area > 1 cm square) the prognosis is excellent. In general, valvular pathology progresses slowly, and the time between diagnosis and surgery may be over a decade. The prognosis is worse in patients with more severe stenosis. In patients with angina, the mean survival is 4–5 months. Those with syncope have a mean survival of 27 months, and those with left heart failure 11 months.

The murmur is a harsh crescendo–decrescendo systolic murmur heard best at the upper right or left sternal border radiating to the carotids. In severe aortic stenosis with LV systolic failure, the murmur may actually decrease in intensity. Assessing the carotid pulsation is important in the diagnosis of the severity of aortic stenosis. As the disease progresses, the carotid upstroke becomes slowed and sustained, and the overall pulse amplitude is small. Precordial examination may show a sustained and forceful apical impulse. The second heart sound is generally diminished in intensity. In aortic stenosis associated with a bicuspid aortic valve, an ejection sound may be present. Findings of congestive heart failure (CHF) will be present in patients with advanced aortic stenosis and systolic dysfunction.

6. Tricuspid Valve Lesions

Tricuspid regurgitation is generally described as a blowing systolic murmur heard at the lower left sternal border. The intensity of the murmur increases with inspiration. Tricuspid regurgitation usually results from right ventricular (RV) dilation and high pressure. The latter is seen as a result of pulmonary hypertension or outflow obstruction to the right ventricle. Other causes of tricuspid regurgitation include infective endocarditis (more typically seen in IV drug abusers), myocardial infarction (MI) (with damage to the papillary muscle), or as a result of a toxic exposure to fenfluramine (a diet medication).

Symptoms of severe tricuspid regurgitation can include those of a low CO (e.g., fatigue, cold skin, dyspnea, and edema). Patients may be aware of pulsations in the neck and their heads may bob back-and-forth manner as though they were indicating “no.” Tricuspid stenosis is almost always rheumatic and usually is accompanied by mitral stenosis.

7. Traumatic Heart Injuries

Traumatic heart injuries result from either penetrating or nonpenetrating trauma. The most common cause of cardiac injury is automobile accidents. Myocardial contusion is a common reversible injury, and if significant, there will be elevation of cardiac enzymes without evidence of coronary artery disease (CAD). Patients may develop reversible wall motion abnormalities on echocardiogram, and cardiac arrhythmias are common. The most common cardiac trauma include RV contusions, aortic valve tearing, tricuspid valve tear, or rupture of the left ventricle or left atrium. Arterial damage that can occur from cardiac trauma include innominate artery avulsion, aortic isthmus rupture, and left subclavian artery traumatic occlusion.

8. Cardiac Tamponade

Cardiac tamponade occurs when fluid accumulation in the pericardial space results in increased pericardial pressure and decreased CO. In tamponade, intrapericardial pressure rises and there is restriction of filling of the heart, with equalization of intracardiac chamber pressures. Ventricular diastolic filling becomes progressively limited and results in decreased SV. The heart rate may increase in an attempt to maintain CO. If left untreated, the compensatory mechanism will be inadequate and the patient may suffer hemodynamic collapse. Signs of tamponade include decreased intensity of heart sounds, narrowed pulse pressure, distention of neck veins, and pulsus paradoxus. Cardiac tamponade can occur as a result of trauma, but is also seen in malignancies, autoimmune disorders, and some viral infections.
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Cardiac tamponade occurs when fluid accumulation in the pericardial space results in increased pericardial pressure, which restricts the ability for the heart to fill. Temporizing with fluids and pressors may be helpful, but the only way to relieve tamponade is to remove the fluid from the pericardial space either by tapping the effusion (pericardiocentesis) or through surgery.



E. Neoplastic Disorders

Tumors commonly associated with cardiac metastases include lymphoma, carcinoma of the breast, bronchogenic carcinoma, and leukemia. Tumors spread to the heart by direct extension or hematogenous or lymphatic spread. The most common primary cardiac tumor is the benign myxoma. Myxomas are generally sporadic, but can occur as an autosomal-dominant inherited trait. They generally arise in the left atrium. They may be detectable on physical exam as the tumor plops back in diastole and hits the LV wall.

The most common primary malignant cardiac tumor seen in adults is sarcoma. Sarcomas usually arise in the right atrium. Most of these tumors will have distant metastases by the time the patient presents clinically. The most common benign cardiac tumor seen in children is rhabdomyoma, which arises from either the right or left side of the ventricular septal surface.

F. Metabolic and Regulatory Disorders

1. Dysrhythmias

Premature atrial contractions (PACs) are extremely common and carry no prognostic importance. They may give rise to isolated palpitations or a sensation of skipped beats. They can be worsened by endogenous or exogenous stimulants. Similarly, PVCs are generally benign. Symptomatically, they usually cannot be distinguished from PACs. Neither PACs nor PVCs require treatment, and reassurance is often enough. If a patient is extremely troubled by PACs or PVCs, a β-blocker may be useful.
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Atrial fibrillation is the most common sustained arrhythmia. When it occurs in the absence of identifiable causes, it is known as lone atrial fibrillation). The major consequences of atrial fibrillation are stroke and tachycardia (rate)-related cardiomyopathy. Patients at risk for stroke are those with a history of hypertension, diabetes, prior stroke or embolic events, and prior MI or chamber enlargement as seen on echocardiogram.



Atrial fibrillation (AF) is the most common sustained arrhythmia. The incidence and prevalence of this disorder increases with age. By age 85, 15% of people have AF. It is estimated that 1–2 million Americans have AF. It can occur in a structurally normal heart without identifiable precipitants (lone atrial fibrillation). Metabolic causes such as hyperthyroidism should be sought and corrected. Most patients with AF have some associated condition like hypertension or CAD. AF can result in blood clot formation in the left atrium due to stasis. The major consequence of this can be stroke. This risk can be reduced to nearly baseline through the use of anticoagulation with coumadin. Risk factors for stroke in patients with AF include hypertension, diabetes, prior stroke or embolic events, and prior MI or chamber enlargement as seen on echocardiogram. Another consequence of AF with rapid ventricular rates can be myocardial dysfunction and heart failure. While many patients experience some degree of effort intolerance with AF, many are asymptomatic. Symptoms are usually greatly reduced with control of the ventricular rate.

There are two treatment strategies for AF. One is rate control using a variety of agents that either directly or indirectly affect the AV node to slow conduction (e.g., β-blockers, calcium channel blockers, or digoxin). The other alternative is rhythm control. This involves use of antiarrhythmic agents to return the heart to and maintain normal sinus rhythm.

All patients, regardless the treatment strategy should be anticoagulated, if they have risk factors for stroke. Recent studies demonstrated no difference in survival or symptom score between rate control and rhythm control strategies in patients with minimal symptoms.

The most common paroxysmal supraventricular arrhythmia is AV nodal reentrant tachycardia. AV nodal reentrant tachycardia, like other forms of reentry, requires the presence of two anatomically and/or functionally distinct pathways. The impulse travels down one of the two pathways (antegrade conduction) but is blocked in this direction on the second pathway. Once the impulse has reached the ventricle, it is able to turn around and come up the pathway that was blocked in the forward direction (retrograde conduction). This sets up a perpetuating cycle.

AV node reentrant tachycardia is common in structurally normal hearts and is generally benign. Treatment strategies may involve use of AV nodal blocking agents or catheter ablation.

Another, somewhat less common form of supraventricular arrhythmia is seen in patients with the Wolff–Parkinson–White (WPW) syndrome and is related to an anomalous electrical connection (accessory pathway) connecting the atrium and the ventricle. There is a small but real risk of sudden death in symptomatic patients with WPW syndrome. These people should be considered for ablation therapy. Other options include antiarrhythmics (Class Ia, Ic, and III). Drugs like digoxin and calcium channel blockers should be avoided as they may make the arrhythmias associated with WPW syndrome unstable.

Although ventricular tachycardia (VT) is the most obvious cause of a wide complex tachycardia, other rhythms should be considered and include supraventricular tachycardia (SVT) with aberration (slow conduction down one of the bundles), SVT with WPW syndrome, and hyperkalemia. The most common underlying cause in VT is CAD. The prognosis of VT is largely dependent on the condition of the heart muscle—those with poor ejection fractions having a worse prognosis than those with normal or near normal function. Treatment options for people with VT and depressed ejection fractions may involve implantation of an internal cardioverter–defibrillator device. Other options may involve the use of antiarrhythmics.

2. Ischemic Heart Disease, Angina, Myocardial Infarction

Angina is an important symptom of ischemic heart disease. Typical angina is described as a pain or pressure in the chest and usually, at least initially, occurs on exertion. It is not relieved or worsened by breathing or positional changes, but may be accompanied by shortness of breath or sweating. Angina is related to an imbalance in oxygen supply and demand. This may be caused by hypoxia or coronary artery spasm but is more commonly related to significant narrowing in one or more of the coronary arteries. Similarly, MI is caused by interruption of blood supply to a segment of the heart muscle. Most typically, this occurs as a result of plaque rupture and clot formation.

Patients with CAD may have recurrent episodes of chest pain with similar levels of exertion. This may occur despite medications and is generally fairly reproducible in terms of precipitating factors. This is referred to as stable angina. When a person presents either with their first episode of ischemic chest pain or with a change in the pattern of their angina, this is referred to as unstable angina and may be a precursor to MI. This may represent a change in the severity of their CAD or in the stability of the plaques. The symptoms of MI are similar to those of angina but are generally more severe and longer lasting.

Major risk factors for coronary disease include increasing age, family history of coronary disease (< 55 years of age for men or < 65 for women), postmenopausal women, and male gender. These factors are obviously not changeable. However, other factors such as hypertension, lipid profiles, diabetes, and cigarette smoking can be modified significantly. Modification of lifestyle and other treatments are recommended in patients who already have known established coronary disease or who have atherosclerotic disease elsewhere or who are healthy but have major risk factors for development of coronary disease.
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Major risk factors for coronary disease include increasing age, family history of coronary disease (< 55 years of age for men or < 65 for women), postmenopausal women, and male gender. These factors cannot be altered, but other factors can be modulated (e.g., hypertension, lipid profiles, diabetes, and cigarette smoking).



The diagnosis of acute MI is made on the basis of clinical symptoms, ECG changes, and elevated serum enzymes. (See Figure 2–5 for timing of abnormal cardiac enzymes after MI.)
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Figure 2–5. Cardiac enzyme changes with MI. (Adapted, with permission, from Kansas University Medical Center.)
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The diagnosis of acute MI is made on the basis of clinical symptoms, ECG changes, and elevated serum enzymes. Early intervention with thrombolytics and/or cardiac catheterization and percuatneous intervention are critical. The earlier the intervention, the greater the degree of myocardial salvage and the better the long-term prognosis. A critical determinant for long-term outcome is ejection fraction.



The creatine kinase (CK) rises within 6–8 hours after an infarction and peaks at about 24 hours. By 48–96 hours it will have normalized. The specific isoenzyme of CK that is followed is the myocardial band (MB). Factors such as renal failure can interfere with CK measurements. CK and MB may be elevated with severe skeletal muscle damage.

Troponins I and T are more specific for myocardial injury and rise within 3 hours of injury. While troponin I is very sensitive for MI, an increased troponin I in the absence of MI (including renal failure patients) has been shown to be associated with increased mortality. LDH is a much less sensitive test. LDH isoenzymes rise in MI beginning around 24–48 hours. LDH peaks in 3–5 days and normalizes in 7–10 days.

Urgent treatment of MI is desirable since the longer the delay in treatment, the greater the myocardial damage and the worse the long-term outlook. Early treatment consists of oxygen, aspirin, heparin (or low-molecular-weight heparin), and nitroglycerin or morphine for pain relief. Thought should be given to the earliest strategy to reperfuse the infarcted vessel. This may include administration of thrombolytics, glycoprotein IIb/IIIa inhibitors, and/or urgent angioplasty. In rare instances, acute coronary bypass surgery may be recommended.

The ECG plays an important role in the diagnosis of MI. The classic ECG findings of an acute Q-wave MI include acute or hyper ST-wave changes with ST-segment elevation in the involved leads. There may be T-wave inversions in the contralateral leads, and ultimately Q waves follow in the involved area.

Hypotension in the setting of an acute MI can have multiple etiologies. Hypovolemia is possible in these patients. In particular, patients with RV involvement may be very volume sensitive. In these patients, the infarct vessel is usually the right coronary artery. Cardiogenic shock is the most serious cause of hypotension in an acute MI and is due to severe LV damage. Findings include a blood pressure of < 90 mm Hg with a decrease in the cardiac index to < 1.8 L/min/m2. These patients present with clinical signs of hypoperfusion with decreased urine output; altered mental status; pulmonary edema; and cold, clammy skin.

In < 1% of patients, a catastrophic event such as rupture of the ventricular free wall, development of a VSD, or acute papillary muscle rupture with acute mitral regurgitation may complicate an MI. Mortality is extremely high, and, although very risky, surgical treatment is the only option available.

3. Shock

Shock is defined as the failure of the cardiovascular system to provide adequate blood flow, which can lead to irreversible organ and tissue damage. The determinants of blood flow include blood volume, pump function, and vascular resistance. There are three types of shock. Hypovolemic shock results from profound volume depletion. Causes may include acute blood loss (e.g., gastrointestinal bleeding, trauma, or aortic aneurysm rupture), or other volume depletion such as in diabetic ketoacidosis. Vasogenic shock can include septic shock, anaphylactic shock, drug causes, or neurogenic shock. Cardiogenic shock was described above and is typically seen with severely decreased cardiac muscle after a large MI. There are some extracardiac causes of cardiogenic shock such as those caused by obstruction of inflow. These causes include tension pneumothorax, cardiac tamponade, and those that cause restriction of outflow such as caused by pulmonary embolism (PE).
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Shock is defined as the failure of the cardiovascular system to provide adequate blood flow, which can lead to irreversible organ and tissue damage. The determinants of blood flow include blood volume, pump function, and vascular resistance. There are three types of shock: hypovolemic, vasogenic, and cardiogenic.



4. Systemic Hypertension

Hypertension is defined as an average systolic reading of > 140 on at least two consecutive visits and/or two or more diastolic pressures of > 90 mm Hg on at least two consecutive visits. Measurements of BP should be performed after at least 5 minutes of rest and should be performed in both arms with the patient in a seated as well as standing position. Twenty-four percent of the U.S. population suffers from hypertension. With prolonged poorly controlled hypertension, end-stage renal disease (ESRD) can occur. The fundus serves as a mirror to brain circulation. Changes there may range from minor atherosclerosis to papilledema. The heart is also evaluated for presence of LVH with increased LV mass. This can be seen on ECG or echocardiogram, but the echo is more specific.

In some patients it may be appropriate to look for an underlying cause. However, most cases of hypertension are primary, and only around 5% of patients will have a secondary form of hypertension. Abnormalities that can cause secondary hypertension include renal artery stenosis, adrenal tumor, or coarctation of the aorta. Coarctation of the aorta can lead to rib notching, seen on the chest x-ray.

Treatment of hypertension depends on the individual patient’s clinical condition and other factors. Initial treatment usually consists of a β-blocker or diuretic or a combination of the two. Both of these drugs have been shown to decrease mortality. The elderly and African-American patients may especially benefit from diuretics. Loop diuretics are preferred over thiazide diuretics if there is already some degree of renal insufficiency present. Potassium-sparing diuretics such as spironolactone must be used cautiously if there is either renal insufficiency or concomitant use of an ACE inhibitor present. ACE inhibitors are an appropriate initial treatment in patients with proteinuria and diabetes and/or if heart failure is present. ACE inhibitors have been shown to reduce mortality and to reduce progressive renal deterioration. ACE inhibitors must not be used in the second and third trimesters of pregnancy.

5. Heart Failure

Heart failure is a condition in which the heart function is unable to meet the demands of the peripheral circulation. The diagnosis of heart failure is generally made on the basis of clinical findings, physical exam, history, and chest x-ray. Patients with heart failure can progress from initially fairly free of symptoms to severely symptomatic (see Table 2–2). Heart failure can involve both the right and left ventricles, or either ventricle alone. In heart failure, there may be abnormalities in all of the determinants of CO. These include afterload, preload, heart rate, and myocardial contractility.

2-2
NEW YORK HEART ASSOCIATION (NYHA) CLASSIFICATION BY SEVERITY OF SYMPTOMS OF HEART FAILURE
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Heart failure most typically results from systolic dysfunction. The most common cause of systolic dysfunction is coronary artery disease. Systolic dysfunction can also result from valvular lesions (e.g., mitral regurgitation, aortic stenosis, tricuspid regurgitation). Nonischemic causes of ventricular dysfunction include viral or other infectious etiologies. While systolic dysfunction is the most common cause of heart failure, some patients may have diastolic dysfunction.
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Most cases of heart failure are related to systolic dysfunction, and the most common cause of systolic dysfunction is ischemic heart disease.



Typically, this results from excessive stiffness of the heart that leads to an inability to fill properly and thus a decrease in CO. These patients may have normal ejection fractions. Pure diastolic heart failure can be defined as present only in patients with normal systolic function.

Conditions associated with diastolic dysfunction and diastolic heart failure include hypertrophic cardiomyopathy, severe hypertrophy secondary to hypertension, and some types of restrictive cardiomyopathies (e.g., endomyocardial fibroelastosis or amyloidosis).

G. Vascular Disorders

1. Peripheral Vascular Occlusive Disease

Peripheral vascular occlusive disease is a subset of atherosclerotic disease. It is characterized by stenosis or occlusion of the arteries and can occur throughout the body. The symptoms of peripheral vascular occlusive disease are determined by where the lesion occurs and what the affected arteries supply. For example, peripheral vascular occlusive disease of the renal arteries may produce hypertension or renal insufficiency. Lower-extremity arterial involvement can produce claudication, but limb-threatening ischemia is possible and is clinically related to the pain occurring at rest. Carotid vascular disease can cause transient ischemic attacks (TIAs) or strokes.

2. Aortic Dissection

Aortic dissection occurs when there is a separation within the media of the aorta. This results in the creation of two lumens: a true lumen and a false lumen. Most patients who develop aortic dissection have underlying disease of the medial layer. Dissections can progress antegrade down the aorta or retrograde (proximally) up the aorta toward the aortic valve. Risk factors for developing aortic dissection include hypertension, advancing age, connective tissue disorders (e.g., Marfan’s syndrome), and congenital bicuspid aortic valve. Hormonal changes during pregnancy are also related to the development of aortic dissection in women under the age of 40. Typically, dissections occur in the third trimester, but can occasionally occur in the immediate or early postpartum period.

Acute aortic dissection, particularly of the ascending aorta, has a high mortality rate. Death may be related to tamponade or rupture of the aorta. In many cases, patients describe the pain as tearing and radiating to the back. Diagnostic tests used to look for aortic dissection include magnetic resonance imaging (MRI), computed tomography (CT), transesophageal echocardiography (TEE), and aortography. The sensitivity of MRI and TEE appear to be best. Aortic dissection can be divided into type A and type B. Type A dissections involve the ascending aorta and are generally best treated by emergency surgery. Type B dissections involve the descending aorta distal to the left subclavian artery. These are best treated initially with BP control and long-term medical treatment. If vital organs like the kidneys or the bowel become involved, these patients may require surgery. Lowering the BP is critical in the management of aortic dissections.

3. Aneurysm

Aneurysms are abnormal dilations of a blood vessel. True aneurysms affect all three layers of the vessel wall. Pseudoaneurysms occur when the intima dilates into the media and adventitia. The most common site for an atherosclerotic aneurysm in the aorta is the abdominal aorta. The underlying cause for aneurysm formation in the abdominal aorta is generally atherosclerosis. Aneurysms in the thoracic aorta are often related to connective tissue disease, hypertension, or bicuspid aortic valve. Patients with abdominal aortic aneurysms > 6 cm should be considered for surgical repair. Smaller aneurysms that are symptomatic should also be considered for repair. A number of nonsurgical intra-aortic stents are now available, which may provide a nonsurgical option for some patients.

H. Systemic Diseases Affecting the Cardiovascular System

1. Hemochromatosis

Hereditary hemochromatosis is an inherited disorder that results in total body iron overload. It can also occur as a result of repeated transfusions such as in patients with sickle cell disease. Congestive cardiomyopathy is the most common abnormality associated with hemochromatosis. Other cardiac lesions have been described and include pericarditis, restrictive cardiomyopathy, and chest pain without CAD. Iron can deposit in the conduction system and cause conduction abnormalities. Sudden death can occur as a result of arrhythmias.

2. Amyloidosis

The cause of amyloid production and deposition is unknown. The primary form of amyloidosis typically causes deposits in the heart as well as other tissues (e.g., lung, skin, tongue, thyroid gland, and GI tract). The heart becomes noncompliant as a result of amyloid deposition, and diastolic heart failure can occur. Secondary amyloidosis generally does not involve the heart.

I. Idiopathic Disorders

1. Hypertrophic Cardiomyopathy

Hypertrophic cardiomyopathy is a disorder of the heart muscle characterized by inappropriate myocardial thickening (see section II.A above). The natural history of HCM is variable. Many cases remain asymptomatic or mildly symptomatic for years. Two thirds of patients with resting obstruction will develop heart failure over time. The degree of ventricular hypertrophy typically remains stable over time but may increase. About 10% of patients with HCM will go on to develop LV dilatation and a form of dilated cardiomyopathy. Because of elevated end diastolic pressure in these noncompliant ventricles, AF can occur.

AF generally results in a significant clinical deterioration. Mortality in patients with HCM tends to be higher in those with LV obstruction and those with very extensive hypertrophy. The annual mortality for HCM is about 3% in adults and 6% in children. Patients with HCM may be at higher risk for sudden cardiac death (SCD). SCD is most frequent in adolescents and young adults. Historic profiles that suggest a higher risk for SCD in a patient with HCM include prior cardiac arrest or spontaneously occurring and sustained VT, family history of a premature SCD, identification of a high-risk mutant gene, unexplained syncope (particularly when exertional or recurrent), nonsustained VT on ambulatory (Holter) ECG recordings, hypotension during upright exercise, and extreme LVH (> 30 mm) on echo.

2. Dilated Cardiomyopathy

Dilated cardiomyopathy is the most common form of cardiomyopathy. In this condition, generally all chambers of the heart are affected and enlarged. The typical presentation for dilated cardiomyopathy is heart failure and decreased left ventricular ejection fraction (LVEF). Over half of the cases of dilated cardiomyopathy are idiopathic. Other causes include myocarditis (about 9.2% of cases), CAD (about 7.7%), hypertension (about 4.2%), and peripartum cardiomyopathy (about 4.5%). Other causes such as amyloidosis, age, and chronic alcohol use each cause approximately 2–3% of cases.

Several medical options are available for treatment of dilated cardiomyopathy. ACE inhibitors have been shown to reduce mortality in patients with ejection fractions < 40%. When ACE inhibitors cannot be used, vasodilator combinations of nitrates and hydralazine have also been proven to be beneficial (particularly in African Americans). Angiotensin II antagonists are also useful and can be used when ACE inhibitors are not tolerated. Diuretics do not affect mortality but improve the symptoms of volume overload. Spironolactone and β-blockers have been shown to decrease mortality. Digoxin results in fewer hospital admissions but does not alter mortality. Amiodarone may result in some improvement in ejection fraction and decrease the risk of sudden death but does not improve overall mortality. Implantable cardioverter defibrillators can decrease mortality.

III. PRINCIPLES OF THERAPEUTICS

A. Mechanisms of Action and Therapeutic Effects of Drugs for Treatment of Cardiovascular Disorders

1. Antiarrhythmic Drugs

Antiarrhythmic drugs are classified according to their electrophysiologic effect. The Vaughan Williams classification of antiarrhythmic agents is still used commonly because it permits easy communication. The Vaughan Williams classification includes Class I local membrane-stabilizing drugs, which block the fast sodium channel; Class II drugs, which block β-adrenergic receptors; Class III drugs, which prolong duration of the cardiac action potential and repolarization, including those that block potassium channels; and Class IV drugs, which slow calcium channels.

Class Ia agents (e.g., procainamide and quinidine) are not used as frequently as they were in the past. Procainamide has a high rate of intolerable side effects; 40% of the patients must stop the drug within 6 months. A major toxicity to this category of drugs is prolongation of the QT interval, which can result in torsades de pointes. Procainamide can also cause a lupuslike syndrome and agranulocytosis. Quinidine, another Class Ia agent, has been associated with increased mortality in patients who are treated for AF.

Lidocaine is a Class Ib antiarrhythmic, which may decrease the occurrence of ventricular fibrillation (VF) following acute MI, but does not provide any benefit in survival. Class Ic agents are helpful in the setting of AF in patients with structurally normal hearts. The efficacy at 1 year is about 55–60%. Class Ic drugs include flecainide, propafenone, and moricizine.

β-Blockers are Class II drugs and are competitive antagonists of β-adrenergic receptors. There are two β-receptor classes: β1 and β2 receptors. β1 receptors are generally located in the heart. They lead to increased HR and contractility and AV conduction when stimulated. Blockade of the β1 receptors blunts these increases, particularly during exercise or stress. Several β-blockers produce a small degree of receptor stimulation that offsets the effects of receptor blockade in the resting state but maintains antagonism during exercise. These drugs have what is known as intrinsic sympathomimetic activity. β2 receptors are more widely spread throughout the body than β1 receptors. Activation of these receptors results in diverse actions such as bronchodilatation, peripheral vasodilatation, and lipolysis. Many adverse effects of β-blockers such as bronchospasm are secondary to the β2 receptor blockade. Indications for β-blocker therapy include acute MI, post MI, treatment of supraventricular and ventricular arrhythmias, aortic dissection, HCM, MVP, heart failure, and prolonged QT syndrome. β-Blockers are contraindicated in patients with hypotension or asthma and most patients with chronic obstructive pulmonary disease (COPD).

Amiodarone is a Class III antiarrhythmic, which prolongs refractoriness and duration of cardiac action potential. It also has a β-blocking and vasodilating effect. It is useful in treatment of SVT, as well as VT. Amiodarone is generally well tolerated but can lead to hyper- or hypothyroidism, liver dysfunction, sun sensitivity, skin discoloration, or pulmonary fibrosis. Sotalol is also a Class III antiarrhythmic, and it also has β-blocking effects. It is useful for many supraventricular and ventricular arrhythmias. The side effects of sotalol are largely related to its β-blocking properties and include fatigue, worsening of bronchospasm, and heart failure.

Class IV drugs include the calcium channel blockers. This is a broad category of drugs, and the calcium channel antagonists have several important pharmacologic properties, including an effect on heart rate, AV node conduction, myocardial contractility, and arterial vasodilatation. Not all calcium channel blockers have the same actions.

2. Antimicrobial Drugs

Antimicrobial prophylaxis is recommended for patients at risk for infective endocarditis who are undergoing procedures associated with bacteremia. This remains the practice despite a lack of conclusive evidence of efficacy of prophylaxis. People who are considered to be at high risk for endocarditis are those with prosthetic heart valves, prior bouts of endocarditis, or complex cyanotic congenital heart disease or those who have undergone surgical correction of congenital disease. Moderate-risk patients are those with surgically constructed systemic pulmonary shunts or conduits, significant MVP (murmur and thickened leaflets), HCM, or acquired valvular insufficiency.

3. Coronary and Peripheral Vasodilators

Vasodilators are not the primary treatment in CAD but may be helpful in acute MI to reduce myocardial work. In this setting, a short-acting IV drug is preferable. IV nitroglycerin may be used for the first 24–48 hours. It is particularly helpful in those with large anterior MIs and heart failure. IV nitroglycerin dilates veins, arteries, and arterioles and reduces both preload and afterload, and myocardial work is diminished. While IV nitroglycerin may reduce infarct size and improve mortality in high-risk patients, data do not support its use in low-risk, uncomplicated MI.

Vasodilators are useful in the treatment of CHF due to LV systolic dysfunction. In patients with low CO, the arterial and venous beds are inappropriately constricted as a compensatory mechanism in an attempt to maintain adequate blood flow to vital organs. These compensatory mechanisms result in constriction and increased catecholamine levels and increased sympathetic tone. This results in an increased activity of the renin–angiotensin–aldosterone (RAA) system. These compensatory mechanisms ultimately result in a cycle of decreasing CO and increasing vasoconstriction.

Vasodilators can break the cycle by decreasing the vascular resistance and improving CO. There are different classes of vasodilators, including those that act on the kidney and angiotensin system. Non–ACE inhibitor vasodilators are potent stimulators of the RAA system. They result in the mean lowering of systolic BP and decrease in renal perfusion. ACE inhibitors work directly on the RAA system by blocking the conversion of angiotensin I to angiotensin II. Hyper-kalemia can occur with ACE inhibitors, and caution must be taken in patients receiving simultaneous potassium-sparing diuretics.

Angiotensin II receptor blockers do not affect the glomerular filtration rate. They increase renal blood flow and lead to a natriuretic effect. They reduce urinary protein excretion and decrease filtration fraction to reduce urinary albumin excretion.

4. Drugs Affecting Blood Coagulation

The main anticoagulants used for cardiovascular indications are aspirin and Coumadin (warfarin). Intravenously, heparin or low- molecular- weight heparin has been proven to be of benefit in unstable angina. Antiplatelet drugs include aspirin and glycoprotein IIb/IIIa antagonists. The glycoprotein IIb/IIIa antagonists are now standard treatment during coronary intervention. They are of proven benefit in high-risk patients with unstable angina.

Warfarin affects the vitamin K–dependent clotting factors (VII, IX, and X). Warfarin therapy is monitored with a standardized anticoagulation measure called the international normalized ratio (INR). Heparin is a sulfated glycosaminoglycan. Its anticoagulant effects are mediated through antithrombin III, which has a native ability to inhibit thrombin, activated factor X, and activated factor IX. Heparin binds to antithrombin III. Anticoagulation with heparin is almost instantaneous. Low-molecular-weight heparin is smaller in size and has less binding capacity for thrombin, platelets and plasma proteins, and endothelial cells. It inactivates factor X. It has good bioavailability and has a longer plasma half-life than does heparin.

Heparin use is monitored through measurement of the partial thromboplastin time (PTT). Weight-based dosing of low-molecular-weight heparin does not need lab monitoring. Anti–factor Xa activity can be measured and may be useful in patients with renal failure treated with low-molecular-weight heparin since this drug is renally cleared.

Glycoprotein IIb/IIIa receptor antagonists interfere with platelet function. The primary ligand of glycoprotein IIb/IIIa receptor on the platelet membrane is fibrinogen. Fibrinogen simultaneously binds the receptors of two separate platelets. Platelet cross-linking then occurs, leading to aggregation. The glycoprotein IIb/IIIa antagonist occupies the binding site and blunts the pathway of platelet binding.

5. Thrombolytic Agents

Thrombolytic agents can be extremely useful in patients with coronary artery occlusion secondary to ruptured atheromatous plaque. The common pathway in the development of thrombosis is conversion of prothrombin to thrombin. Thrombin subsequently converts fibrinogen into fibrin. Together with red blood cells, platelets, and plasminogen, a thrombus is produced. Because of the critical nature of coronary occlusion and the urgency for revascularization, thrombolytic therapy is often the appropriate choice for patients with presumed MI. Reperfusion therapy with thrombolytics has proven to decrease mortality, improve LV function, and reduce secondary complications. Thrombolytics accelerate conversion of plasminogen to plasmin. Plasmin dissolves fibrin clots and speeds endogenous fibrinolysis. Thrombolytic therapy is effective in approximately 80% of thrombosed vessels. The reocclusion rate is around 15–20%. There are several thrombolytic agents available with specific regimens, but for any thrombolytic the critical factor is time. Therapy within 6 hours of presentation provides the greatest amount of benefit, but it has been shown to be effective up to about 12 hours.

Combining tissue plasminogen activator (TPA) with glycoprotein IIb/IIIa inhibitors has been proven to increase reperfusion rates and may improve outcomes from thrombolysis. Additional treatments after thrombolysis include use of aspirin and heparin to prevent reocclusion. Thrombolytic therapy is reserved for patients who have no evidence of active bleeding elsewhere in their body, no recent noncompressible vessel puncture, no aortic dissection, no history of intracranial malignancy, no recent major surgery, no acute pericarditis, and no known allergies to streptokinase or anisoylated plasminogen streptokinase activator complex (APSAC).

There are several complications associated with the use of thrombolytics. Both streptokinase and APSAC have been associated with severe allergic reactions. Major bleeds occur in about 0.1–0.3% of patients.

6. Immune Suppressants

Patients who undergo cardiac transplantation face a lifetime struggle between rejection and suppression. The regimens used for heart transplant patients are similar to those used in other organ transplants. For patients receiving cyclosporine, the 1-year actuarial survival is about 80%. Early rejection can occur in around 60% of transplant patients.

7. Inotropic Agents

There are two classes of inotropic agents clinically available: glycosides and nonglycosides. The glycosides include digoxin and digoxin-like agents. Nonglycosides are divided into two large groups: sympathomimetic amines and phosphodiesterase inhibitors. The sympathomimetic amines include dopamine, dobutamine, epinephrine, norepinephrine, isoproterenol, and methoxamine. The phosphodiesterase inhibitors include amrinone and milrinone. All of these drugs increase the availability of calcium to the contractile element at the time of excitation/contraction coupling. Glycosides increase inotrope at the cellular level through inhibition of the sodium potassium ATPase pump. The β-adrenergic sympathomimetic drugs result in an increase in cyclic adenosine monophosphate (cAMP). cAMP phosphorylates a protein kinase, which in turn increases the calcium influx through the calcium channel.

8. Lipid-Lowering Agents

Lipid-lowering agents in combination with diet modification can reduce mortality following MI by up to 20%. New guidelines for treatment of low-density lipoprotein (LDL) in primary and secondary prevention vary depending on patient risk stratification. Patients at high risk are those with clinical coronary disease, symptomatic carotid disease, peripheral arterial disease, or abdominal aortic aneurysm. The new guidelines include diabetes as a coronary heart disease risk equivalent.

B. Other Therapeutic Modalities

1. Percutaneous Transluminal Angioplasty (PTCA) and Other Interventions

PTCA is well accepted as a treatment for ischemic heart disease. PTCA is indicated in patients with single-vessel disease if: (a) there is inducible ischemia seen on stress testing while the patient is on medication, (b) the patient continues to have chest pain despite medication, (c) the patient does not tolerate medication, (d) an asymptomatic patient demonstrates significant ischemia on stress testing, (e) the patient survived a cardiac arrest and has coronary disease, (f) an asymptomatic patient has a history of an MI and a positive stress test, or (g) ischemia is documented on a stress test and high-risk noncardiac surgery is planned.

Multivessel angioplasty is often performed in patients with disease involving two major vessels and demonstrable ischemia on stress testing.

PTCA results in an improved lumen diameter mainly by causing plaque rupture and resultant stretching of the media and adventitia and expansion of the outer diameter of the vessel. Other than acute problems, a major concern in PTCA is restenosis or renarrowing of the vessel at the site dilated. Restenosis is radically reduced through the placement of drug-eluting stents (approximately 3%). Such stents contain sirulimus or paclitaxel. Stents are small expandable devices placed at the site of an angioplasty and left in position.

2. Implantable Cardioverter Defibrillator (ICD)

ICDs function by monitoring the cardiac rhythm of the patient. If an arrhythmia is detected, the device can treat in several tiers of therapy. The device can be programmed to provide a pacing treatment to interrupt reentrant loops of VT. If this fails or if the presenting arrhythmia is faster and unstable (ventricular fibrillations), the device can be programmed to provide a shock as a first-line treatment. ICDs are indicated for secondary prevention of cardiac arrest in those who have survived sustained VT or cardiac arrest and for primary prevention of cardiac arrest in those at risk (e.g., post MI or dilated cardiomyopathy with low EF).

3. Pacemakers

Pacemakers are implanted in patients with heart block of any level that causes syncope. They are also indicated in patients with syncope in whom bradyarrhythmias are assumed to be the cause. Pacemakers function by sensing the native cardiac activity. If an appropriate impulse is seen, the output of the pacer is inhibited. If no activity is seen at the appropriate time, the unit delivers a small electrical output and paces the heart.

Pacemakers are comprised of a generator and leads are threaded into the heart. Pacemaker leads can be implanted in either the right atrium or right ventricle, or both. Pacemakers that pace both chambers are used in patients with disrupted AV conduction but whose atria are not fibrillating. Single-chamber atrial pacers are implanted in patients with symptomatic sick sinus syndrome and intact AV conduction. Ventricular-only pacemakers are implanted in patients with AF.

C. Adverse Effects of Drugs on the Cardiovascular System

Several drugs have been shown to induce dilated cardiomyopathy—doxorubicin and cocaine are the most common. Less commonly, interferon, lithium, steroids, and leukotrienes have been shown to cause dilated cardiomyopathy. Doxorubicin cardiac toxicity is felt to be related to myocardial oxidative stress secondary to increased free radical formation.

Drug-induced ischemia and infarction have been associated with 5-fluorouracil, doxorubicin, and vinca alkaloids. Prophylactic treatment with nitrates and calcium channel blockers can be useful in abolishing pain following treatment with vinca alkaloids. The most important factor in the development of cardiomyopathy secondary to anthracycline chemotherapy is the total amount of drug received. The incidence of doxorubicin-induced cardiomyopathy is 1–2% but is dose dependent. It is rare at doses < 450 mg/m2, but increases to 30–40% in patients who have received up to 700 mg/m2.

Several drugs have the potential to cause adverse effects on the cardiovascular system. The problems that arise can be serious and potentially life threatening. Some drugs will have fairly predictable potential adverse effects such as arrhythmia induction including tachy- or bradyarrhythmias from cardioactive drugs like digoxin, β-blockers, or antiarrhythmics. However, many reactions are less predictable and may arise from noncardioactive drugs.

IV. PSYCHOSOCIAL, CULTURAL, OCCUPATIONAL, AND ENVIRONMENTAL CONSIDERATIONS

There is growing evidence of a relationship between heart disease and psychosocial and environmental factors. Such factors as social isolation, individual personality traits, and job strain may increase the risk of cardiovascular disease. Depression is also a risk factor for cardiovascular disease.

A. Influence of Emotional and Behavioral Factors on Disease Prevention, Progression, and Treatment

1. Smoking

Tobacco use is an important cause of coronary disease, and smoking is the single most preventable cause of death in the United States. The impact on women is particularly strong, and women who smoke face much higher risks of death from heart disease or stroke than do their nonsmoking counterparts. Secondhand smoke also raises the risk, as does the use of contraceptives in smokers.

2. High Blood Pressure and Obesity

Another modifiable risk for heart disease is hypertension. Hypertension is also the major risk factor for stroke. Women who are overweight by at least 20 pounds have a much higher risk of developing hypertension. Other factors that increase the risk of hypertension include menopause, certain birth control pills, and family history. Among women ages 65–74, 60% have hypertension.

3. Exercise

Several studies have shown a correlation between a sedentary lifestyle and heart disease. This has also been indirectly related to stroke risk. The risk is about twice that of active people.

4. Obesity

Truncal obesity has been associated with an increased risk for heart disease. Obesity also can contribute to other conditions such as hyperlipidemia and diabetes, which further increase the risk of heart disease and stroke.

5. Alcohol

Alcohol in moderate amounts may lower the risk of heart disease. For women, this means about one drink/day. However, excessive drinking or binge drinking can lead to other health problems such as altered lipid metabolism and elevated triglycerides, hypertension, and obesity. In addition, alcohol is a direct myocardial toxin, and binge drinking can cause atrial fibrillation. Prolonged excessive exposure to alcohol can lead to dilated cardiomyopathy.

6. Stress

Stress is the response people describe to a variety of factors, such as emotional, environmental, physical, or chemical. There is growing evidence that stress is related to heart disease. Whether stress is an independent risk factor or a contributor to heart disease is unknown. Stress can lead to behaviors such as overeating, drinking, and inactivity that can contribute to heart disease.

B. Influence of Disease and Treatment on Person, Family, and Society

The population in the United States is aging due to better heath care availability and improved survival of childhood diseases. As a result of this aging population, more health care resources are being used. According to the U.S. Census Bureau’s Statistical Abstract of the United States: 2001, government expenditures for health services and supplies in 1999 were $524,240,000,000. Although the number of heart transplants has declined since 1990, the numbers of other cardiac procedures for inpatients has increased steadily from 1990 to the present. Rising health care demands impose a financial burden on both government and private sectors.

C. Occupational and Other Environmental Risk Factors for Cardiovascular Disease

Since stress is a risk factor for coronary heart disease, it is appropriate to reduce job and other stress factors in patients with heart disease. A sedentary lifestyle can contribute to heart disease. Similarly, occupations that require little physical activity need to be offset by exercise.
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P-Thalassemia  Heterozygous f-thalassermia (f-thalassemia trait or minor) causes clnically
insignificant anemia. Homozygous patients ere classiied as p-thalassemia major
(absent  giobin chain procuction) or I-thalassemia intermecia (markedly
reduced f globin chein procuction). B-Thalassemia mejor resuts in severe, ife-
threatening, transfusion-dependent anemia after 6 months of age. Other
findings include bone thickening and distortion, hepatosplenomegaly, and
growth retardation. Anemia is moderately severe in -thalassemia intermedia.

a-Thalassemia  Mutation of a single gene is clinically sient. Mutation affecting two genes gives rise
to.a clinicaly insignficant anemia (a-thalassemia minor). Mutations affecting three
‘genes (hemogiobin H disease) cause a moderately severe anemia (Smir to
P-thalassermia intermedia). “Hycrops fetais” (in utero death) results when al four
globin genes are mutated.
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Stage Clinical Features

0 Lymphocytosis in blood
1 plus lymphadenopathy

2 pius splenomegaly (+/- hepatomegaly)
3 plus anemia

4

plus thrombocytopenia
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Score  Diatation  Effacement  Consistency  Position  Station
0 Closed 0-30% Fm Posterior  High

1 +-2cm 40-50% Medium Mid -2

> 3-4om 60-70% Soft Anterior -1-0

3 >50m >80% - - 142
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sign o 1 2
Heart rate. Apsent Below 100 Over 100
Respratory effort  Absent Siow, iregular Good, crying
Muscle tone Flaccid Some flexion of extremities  Active motion
Reflex iitabiity. Noresponse  Grimace. Vigorous cry
Color Blue, pale Body pink, extremities blue Completely pink
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Polyuria, polydipsia. polyphagia

Unexplained weight loss

Vaginitis (usualy due to monital infection)

Intertriginous candidiasis (common in the obese) and oral candidiass (uncommon)

Skin lesions and infections.

Retinopathy (blurred vision, decreased visual acuty, visual 1055)

Atherosclerotic heart disease (myocardial infarction, heart failure) and peripheral vascular disease.
(lower-extremity amputation); stroke

Neuropathic foot uicers with secondary infections and diabetic Charcot's foot (degenerative change of
the bony structure of th foot)

Peripheral neuropathy (sensory deficit, buming and tingiing sensations)

Autonomic neuropatity (postural hypotension, gastroparesis, diarrhea, neurogenic bladder, sexual
dysfunction)

Renal falure
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dTTP

Folate Metabolic Pathways
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Erythrocyte Reactions.
Acute hemolye transhuson reacton
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Acitretin

Antibiotics

Xerosis and epistaxis

Highly teratogeni

Elevated triglycerides

Exanthematous drug eruption

Erythema multiforme and toxic
epidermal necrolysis

Candidiasis

Hyperpigmentation (minocycline)

Photosensitivity (doxycycline)
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Acne medications (most)
Fragrant moisturizers
Keratolytics

Imiquimod

Tar products

Topical steroids

Topical antibiotics
Topical antifungals
Topical diphenhydramine
5-Fluourouracil

Irritant contact dermatitis
Allergic contact dermatitis
Irritant contact dermat
Irritant contact dermatitis
Stains hair, skin, and clothes
Skin atrophy and fragility (see
Figure 11-15)
Allergic contact dermatitis
Rarely cause adverse effect
Allergic contact dermatitis
Extreme crusting and irritation
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Associated Injury/Complication

Tiial shaft

Pelvic

Scapua

Elbow supracondyler (pedtric)

Cervical spine in patient with
ankylosing spondyitis

Compartment syndrome—may develop n first 48 hours
Ufe-threatening hemorhagic—oceurs within first 6 hours
Ipsiateral pneumothorax

Forearm compartment syndrome

Epidural hematoma
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Abbreviations:

LV Press, left ventricular pressure

a, a-wave; ¢, c-wave; v, v-wave

ECG, electrocardiogram

LVEDYV, left ventricular end-diastolic volume
LVESV, left ventricular end-systolic volume
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Pressure

White blood cells
Glucose

Protein

Gram stain
Bacterial culture

Viral

Normal
Lymphocytes
Normal

Mild elevation
Negative
Negative

Bacterial

Elevated
Neutrophils
Decreased
Marked elevation
Positive

Positive
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T
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Tredness and weakness

Anorexia and weight loss

Nausea, vomiting, and diarthea

Myalgias and arthraigias

Psychiatric manifestations

Hypotension

Hypoglycemia

Hyponatremia, hyperkalemia, and acidosis

Mild normocytic anermia; lymphocytoss, eosinophi
Hyperpigmentation

Decreased axilary and pubic hair

Loss of libido; amenorrhea

Associated autoimmune disorders (e.g., vitiigo, Hashimoto's)
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Measure Pregnant Compared to Nonpregnant

Respiratory rate. Increased
Tidal volume: Increased

Functional residual capacity Decreased
Residual volurme Decreased

Oxygen-camying capacity Increased
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Dapsone

Etanercept

Interferon

[sotretinoin

Methotrexate

Methoxsalen

Opiates
Thalidomide

Dose-related hemolysis
Methemoglobinemia
Neuropathy

Reactivation of tuberculosis
Immunosuppresion

Flulike symptoms

Spastic diplegia in infants

Xerosis and epistaxis
Highly teratogenic
Elevated triglycerides
Depression (controversial)
Liver cirrhosis
Blood testing inadequate
Periodic liver biopsy
Immunosuppression
Anemia
Nausea
Photosensitivity
Pruritus
Teratogenicity
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Glycophorin A

Spectrin-Ankyrin-Band 3
interaction

Cholesterol

Phospho/glycolipids

Spectrin-4. I-Actin
interaction with Glycophorin A

Spectrin dimers
interation
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Symptoms

Fatigue and lethargy

Decreased perspiration

Depression Weight gain

Slespiness Decreased appetite

Mental impairment Constipation

Dry skin Menstrual disturbances

Cold intolerance Arthraigia

Hoarseness Paresthesia

signs

Slow movements Hyporeflexia and delayed relaxation of reflexes.
Slow speech Ascites

Hoarseness Pleural effusions

Bradycardia Nonpitting edema (myxedema)
Diastolic hypertension Pufy face

Dry, coarse skin
Carotenemia.

Loss of lateral third of eyebrows
Diffuse or nodular goiter
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Cell Type. Content

pzurophic Myeloperoxidase, lysozyme, defensins, ytic enzymes.(1e., elastase, protenase,
glucuronidase, glucosiminidase, mannosidase, etc.)
Specifc Lactoferin, ysosyme, yic enzymies (e.g. geiatnase, colagenase, heparanase,

histaminase), vitamin B, binding protein
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Anticonvulsants
Antifungals

Antihistamines

Antimalarials

Aspirin
Azathioprine

Corticosteroids

Cyclosporine

Hypersensitivity syndrome
Drug interactions

Elevated liver enzymes
Drowsiness

Dryness

Retinopathy

Elevated liver enzymes
Hyperpigmentation

Purpura

Hemorrhage

Elevated liver enzymes
Immunosuppression

Too many adverse effects for a full list
Central obesity

Diabetes and hypertension
Psychosis anorexia and anxiety
Osteoporosis and avascular necrosis
Immunosuppression
Hypertension

Slight risk of lymphoma
Nephropathy
Immunosuppression
Hypertrichosis
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Paresthesias

Chvostek's sign (twitching of the ciroumoral musdles in response to tapping the facial
nerve, just anterior to the ear)

Trousseau's sign (carpal spasm elicited by infiation of a blood pressure Guff to 20 mm Hg
above the patient’s systolic pressure for 3 minutes)

Laryngospasm and bronchospasm

Dry, rough skin; coarse, brittle hair; alopecia

Adbnormal dentition; cataracts

Extrapyramidal signs; pseudopapiledema

Prolonged QT interval on electrocardiogram
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Zone 1: PA>Pa> Py

Zone 1:Pa>PA > Py

Zone 1:Pa>Pv>PA

Alveolar pressure >
arterial pressure: No flow

Flow limited by
alveolar pressure

Flow independent of
alveolar pressure





ops/e0307-01.jpg





ops/t0251-01.jpg
Stage 1
Stage 2

Stage 3
Stage 4

Stage 5

Breast

Isolated papilary slevation

Elevation of breast and papilae as smal
mound, enlargement of areola

Continued enlargerment of breast and
arecla

Areolar and papilary mound separating
from breast

Arecla blends with breast contour

Pubic Hair

Absence of publc hair

Hair sparingly present on labia majora,
long and pigmented

Increased dark and coarser and curier
hair, spreading to mons

Increased har Imited to mons,

Increase in adult-type hair and adut
distribution
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site

Manifestation

Eone Inferctions resulting in painful ‘bony crises; aseplic necrosis (mostly hips);
sdlerotic areas on x-ray

Lung Chest crisis (chest pain, fever, hypoxia with progressive respiratory faikre);
puimonary hypertension, cor pulmonale

Spleen “Auto infarction,” with premature loss of splenic function

Brain Chidhood stroke

Peniie vasculature
Skin

Kidney
Fingers/toes

Priapism

Nonhealing lower extremity uicers.

Papilary necrosis with isosthenuria (05 of urine-concentrating abity)
Dactyits (painful fingers/toes, mostly chidren)
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Embryonic Structure

Mesonephric (wolffian) duct

Paramesonephiic (milerian)
duct

Muller's tubercle.
Junction of sinovaginal bub
with UG sinus
Urogenttal sinus
Ventral

Male

Ureter
Fenal pelvis
Collecting duct
Epididymis

Vas deferens
‘Seminal vesicles
Ejaculatory ducts
Appendix epididymis
Paradidymis
Appendix testis
Prostatic utricle

Verumontanum
Posterior urethrl valves
(when present)

Sladder
Supramontanal urethra not

Female

Ureter
Renal pewis
Collecting duct
Epoophoron
Gartner's duct

Vesicular appendage

Uterine tubes.
Uterus.
Upper vagina
Hymen
Hymen

Bladder
Entire urethra not
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» Class | (Mid): Patients with no limitations who can perform norml activiies without symptoms.
« Class Il (Mid): Patients have mid imitations and symptoms (e.g,, occasional sweling). They are

‘somewhat limited in ther abilty to exercise or do strenuous activities.
Class il (Moderate): Patients with noticeable limitations in their abilty to exercise or perform mikly
strenuous activities. They are comfortable at rest.

Class IV (Severe): Patients who are unable to do any activity without discomfort. They have some
heart failre symptoms at rest
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Phalic

Genital tubercle.
Urethral folds
Genital swellngs
Gubermaculum

Genital glands
Gerital cords

including the trigone
Inframontanal urethra
Membranous uretha
Penis

Penile urettva
Scrotum
Gubemaculum testicle

Testis
‘Seminiferous tubuies
Prostate

Cowper's glands

including the trigone
Vaginal vestioule

Citoris
Labiaminora
Labiamajora
Ovarian igament
Round igament
Ovary

Pluger's tubes
Glands of Skene
Bartholin's glands.
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u
2

Small cells, round nuclel, rare nucleok, scant cytoplasm (most childhood ALL)

Large cels, iregular nucel, one or more nucieol, abundant cytoplasm (adult ALL)

Large cells, round nuclei, one or more nucleoi, abundant cytoplasm with vacuoles
(identical to Burkitt's kmphoma cels, rare AL subtype)
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Acquired

Druginduced (e.g.. chemotherapy, some antibiotios, antiepieptics, propyithiourac,
clozapine)

Infection (e.g., postviral, HIV, erichia, ricketsie, brucela, tubercuosis, some.
staphylococcal)

Autoimmune (in isolation or part of systemic disorder)

‘Splenic sequestration

B,./folate deficiency

Myelodysplasia

Marrow infitration

Congenital

Ethnic neutropenia (African-Americans, African blacks, Yemenite Jews)
Severe/benign congeritel
Cyeical neutropenia
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Fever (can be low grade)
Uterine and adnexal tenderness on pelvic exam

Cervical motion tendemess.

Mucopuruient cenvical discharge (may not aiways be presert)
Blovated white blood cell count
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AML with recurent genetic abnormaities (e.g., 8:21 traslocation, inversion 16, acute promyelocytic with
15:17 trasnlocation)

AML with mutiineage dysplasia

AML, therapy related

AML, minimaly differentiated

AML without maturation

AML with maturation

Acute myelomonocytic leukemia

Acute monoblastic/monocytic leukermia

Acute erythroid leukemias

Acute megakaryoblastic leukemia

Acute basophilc leukerria

Acute panmyeloss with myelofiorosis

Myeloid sarcoma

AML not otherwise categorized

Acute leukermias with ambiguous Ineage (ie., biineage, biphenotypic, undifferentiated leukeria)
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Stage  TNM Class Description

0 s Carcnoma in situ
| TINOMO Confined to the vuiva or perineu, < 2 om in diameter
la—stromal invasion <1 mm
Io—stromalinvasion >1mm

" T2NOMo Tumor confined to vuva and > 2 om in size
" T3NOMO Any size tumor with adjacent spread to lower urethre, vagina,
T3NIMO and/or anus
TINT MO Unilateral node invoivement
T2N1MO
va TIN2MO Invasion of upper rethra, biadder, or rectal mucosa: pelvic bone
T2N2 MO and/or biateral node ivolvement
T3N2 MO
T4 N any) MO

Vo Tl@y)N(@y) M1 Any distant mets including pelvic lymph node involvement
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ia majora
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Hodgidn's lymphoma,
Foliculr (non-Hodgkin's) bmphoma

Large B call(non-Hodgkin's) ymphoma
Acute myeloid leukermia
Chronic ymphocyti leukemia

Multiple myeloma

‘Adriamycin, bleomycin, vinblastine, dacarbazine (ABVD)

Rituimab, Fludarabine (elone o in combination);
Gydlophospharmide, vincristine, prednisone, rtuximab
(CVP-R); cyciophosphamide, Adriamyain, vincristine,
prednisone, ftuximab (CHOP-R)

CHOP-R

Daunorubicin, continuous infusion cytarabine (783")

Fludarabine, cyclophosphamide, fituximab, chiorambuc,
prednisone (alone or in combination); alemtuzumab

Thaiidomide, dexamethasone; arseric trioxide; bortezomiv;
meiphalan, predrisone.
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pKa = pH + log BH+/B
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pKa = pH = log AH/A-
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Acral overgrowth (enlarged hands and feet); skin tags
Macrognathia, enlargement of nose and frontal bones
Macroglossia; malocclusion

Deepening of the voice; excessive sweating

Arthralgias; carpal tunnel syndrome

Sleep apnea; hypertension

Cardiomyopathy. left ventricuiar hypertrophy. arrhythmias
Amenorthea in females, impotence and loss of bido in males
Osteoporosis (if hypogonadism present)

Increased risk of colonic polyps and gastrointestinal malignancies
Glucose intolerance; hyperphosphatemia
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M1
M2
M3
M4
M5
M6
M7

P/ABNTOSNSIS UMM TTEL, FIWINTIY SWOwes Sexio
Myeloblastic leukemia, without maturation
Myeloblastic leukermia, with maturation
Promyelocytic leukernia

Myelomonocytic leukemia

Monooytic leukernia

Erythroleukermia

Megakaryoblastic leukemia
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o
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Left circumflex
coronary artery
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Description

Tumor imited to ovaries.

Tumor imited to one ovary with no malignant ascites, no surface tumor present, and
tumor capsule intact

Tumor imited to both ovaries, no malignant ascites, no tumor on ovarian surface, and
capsule intact

Asinaor Ib, but with ruptured capsule or ovarian surface tumor, malignant ascites, or
positive peritoneal washings

‘Tumor involving one or both ovaries with peivic extension

Metastatic cisease or direct extension to terus and/or tubes

Metastatic or direct extension to other peivic tissues.

As inlla or llb with ruptured capsule of malignent ascites or positive peritoneal washings
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e

o

e

Disease involving one or both ovaries with peritoneal implants outside the pelvis and/or
positive retroperitoneal or inguinal lymph nodes; aiso inciudes tumor implants on the
iver capsule or serial surface of the bowel or omentum

Gross tumor imited to the pelvis with microscopic abdominal peritoneal implants and
negative ymph nodes

Gross tumor limited to the pelvis with abdominal peritoneal nodes all < 2 om diameter,
negative ymph nodes

Abdominal peritoneal implants > 2 m and/or positive retroperitoneal or inguinal lymph
nodes

Distant metastases, parenchymal ver, or gastrointestinal mucosal mets. If pleural effusion
present, must contain malignant el to be stage IV
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Classic HD
Nodular scleros's

Mixed celiarity

Lymphocyte depletion
Nodular lymphocyte predorminant

Most common subtype. Lymph node with abundant sclerotic
collagen tissue, women > men, usualy early stage at
presertation, mediastinal nodal invoivemert common.

‘Second most common, men > women, often oider and
‘advanced stage, most common subtype in HIV positive,
lymph nodes richly celliar:

Rare (<1%), older, advanced stage.

Recognized as entity cistinct from classic HD. Rare (< 5%),
young males, early stage, sbundant lymphocytes, L & H
(popcor) cels found instead of RS cels. Often chronic,
relapsing
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Symptoms

Nervousness.
Fatigue

Weakness

increased perspiration
Heat intolerance
Tremor

Hyperactivty

Paipitation

Increased appetite.

Weight loss

Menstrual disturbance

Neck pain (subacute thyroiditis)

signs

Tachycardia or atrial arhythmia
Systolic hypertension

Warm, moist, smooth skin

Stare, id leg, and eyeld retraction
Tremor ang hyperrefiexia

Muscle weakness
Ophthaimopathy (Graves)

Pretiial myxedema, acropachy (Graves')

Diffuse goter (Graves), soltary nodue, or mutinodular goiter
Thyroid tendemess (subacute thyroiditis)
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Congorital
Factor Lacn mutaton.

Proeomtin gens mutation

Proton G, 5, anttwomn 3.
Getcercy

Description
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Stage Description

0 Limited to tubal mucosa (carcinoma in situ)

a Limited to one tube, extension to submMuCosa or muscuaris but not through serosa,
ascites absent

b Asin la but growth imited to both tubes.

c Extension of tumor 1o tubal serosa, or asdites or peritoneal washing with malignant cells

la Spreadto uterus or ovaries.

i Spread o other peivic tissues.

e Asin lla or b with ascites or peritoneal washings containing malignant cels

lla Negative nodes with tumor imitedi o the pelvis, positive microscopic seeding of
peritoneal surfaces of tha pelvis

i Asin lla but with peritoneal implants grossly visble but £ 2 cm in diameter

e Implants > 2 cm or positive nodes:

v Distant metastases
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Common Syndromes
Von Recklinghausen

Tuberous sclerosis

Sturge-Weber

Skin
Neurofibroma
Café au lait
Adenoma
sebaceum
Port-wine nevus

Schwannoma
Glioma
Periventricular tu-
mors, lesion
Occipital vascular
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(1) Disease limited to uterus, nonmetastatic disease
(2) Disease outside of uterus, metastatic disease
() Favorable prognostic factors:
(i) Last pregnancy within last 4 months
(ii) hCG prior to treatment < 40,000 miU/mL
(1) No iver or brain metastases
(b) Poor prognostic factors:
(i) Last pregnancy > 4 months ago
(ii) Pretreatment hCG > 40,000 miU/mL
(i) Liver and/or brain metastatic disease.
(iv) Prior chemotherapy treatment
(v) Disease occurring after a term pregnancy
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Hemoglobin
Hematoorit

Red blood cell count
White blood cell count
MOV

MCH

MONGC

Platelot count
Reticulocyte count

13-18 g/aL
40-52%

4.4-6.9 % 100/mm®
4.0-10 % 10%/mm?
80100 fL

26-34 pg

32-36 g/l
150-450 > 109/mm?
0.8-2.5%
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Percentage Absolute
Segmented neutrophis 50-70% 2,400-7,500/mm?
Bands 2-5% 96-648/mm?
Lymphooytes 20-40% 950-4,750/mm?
Monocytes 2-9% 100-950/mm?
Eosinophis 0-5% 0-450/mmme
Basophis. 0-2% 0-215/mmé
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Description

at
a2

o1
b2

Garcinomain situ (OIS)

Cancer confined to the cervix

No gross lesion, invasive cancer seen only microscopically,
maximum depth of 5 mm and no wider than 7 mm

Stromal invasion no greater depth than 8 mm and no wider than 7 mm

Stromal invasion 3-5 mm and no wider than 7 mm, vascular or ymphatic space
involvement does not change the stage

Lesion either grossly visible or invasion greater depth than 5 mm, width greater than
7 mm on microscopic lesion, lesion imited to the cervix

Cirical tumor no greater than 4 om in size

Clinical tumor more then 4 om in size
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va

Involvement of up to the upper two-thirds of the vagina or parametrial involvement that
does ot extend to the pelvic sidewalls

Evidence of vaginal but not parametrial involvernent

Parametrial involvement not extending to the pelvic sidewal, with or without involvement
of the Upper two-thirds of the vagina

Extension (o the pelvic sidewall or lower third of the vagina, hydronephrosis, or
nonfunctioning Kidney with no other etiology

Involverment of the lower third of the vagina without parametrial extension to the pelvic
sidowal

Extension to the pelvic sidewall and/or hydronephrosis, nonfunctioning Kidney

Extonsion outside the reproductive tract

Involverment of rectal or bladder mucosa

Extension of disease outside the pelvis or distant metastases






