Respiratory
Normal Structure Of The Lung: A Review

1. Trachea/Bronchi

a. Cartilage supported (keeps airways open), air conducting passageways

b. Epithelium (mucosal)

i. Pseudostratified columnar cells

1. Ciliated Cells

a. central pair of filaments with 9 peripheral pairs anchored to basal body, tons of mitochondria

b. cilia beat rate slowed by various agents (etOH, smoking, cold, etc)

2. Goblet Cells 

a. secrete sulphated mucopolysaccharides (MPS) called sialomucin, i.e. mucous

b. secretions w/ direct simulation (not nervous control as in the glands) -> inc #s of Goblet cells in chronic irritation

ii. Basal Cells – multipotent stem cells

c. Bronchial Glands (submucosal)

i. Located in bronchi (not in bronchioles)

ii. Outermost gland cells lined by ciliated cells to get out secretions, acinus of glands are both serous / mucous (more sialomucin)

iii. Smooth muscle contraction controls secretions, stimulated by nervous control

iv. Note: Kulchitsky cells are neuroendocrine cells that can lead to small cell carcinoma
v. Neonatal lung has few glands -> low mucous production -> difficult to rid bacteria

2. Mucus Blanket – cilia beat within an aqueous layer, surface layer is a viscous mucin layer pushed along from below

3. Main & Lobar Bronchi

4. Segmental Bronchi

5. Acinus (“primary lobule”) is the smallest lung functional unit

a. Terminal Bronchiole, Respiratory Bronchiole, Alveolus

6. Bronchiole

a. <1mm, No cartilage, non-submucosal glands, patency determined by radial traction with adjacent alveoli and smooth muscle tone
i. Terminal Bronchiole - conducting only no gas exchange (no cartilage)
ii. Respiratory Bronchiole – first component of gas exchange (no cartilage)
iii. Epithelium (simple cuboidal)

1. Ciliated cells

2. Clara cells

a. Primary cell type, Clara cells take the place of Goblet cells

b. secrete serous secretions; a thin secretion for the smaller airways

c. abundant CYP450 system to detoxify exogenous compounds

d. Multipotent cell that acts as stem cell for epithelial renewal

7. Alveolus (Duct/Sac) – main point of gas exchange has 3 cell types

a. Cell Types

i. Type I Cell - main cell in alveolus, main func is to form air-blood barrier, thin cytoplasm to allow quick gas exchange

ii. Type II Cell

1. primary role surfactant (dipalmitoyl phosphatidylcholine aka ”lecithin”) production (storage in lamellar bodies)
a. result is high tension at high lung volumes (elastic recoil), low at low lung volumes (prevent atelectasis), evens out flow to allow large and small alveolar ventilation

2. acts as stem cell for alveolar epithelium

iii. Type III Cell (“Dust Cell”/Pulmonary Alveolar Macrophage) – derived from blood monocytes, mobile, major defense in alveolus 

8. Air-Blood Barrier 

a. 300nm;   1) surfactant lining  2) type 1 cell epithelium  3) tissue elements of interstitial space/BM 4) endothelium membrane

9. Collateral Ventilation

a. Pores of Kohn – inter-alveolar openings, of airspaces
b. Canals of Lambert – connect terminal bronchioles via respiratory bronchiole and/or alveolar duct anastomoses
10. Lymphatic (cleansing, draining, important in disease spread (Hilar nodes as spread for metastatic cancer)

a. Deep lymphatic – along broncho-vascular deeply, ends to mediastinum

b. Superficial lymphatics – along pleural surface, goes to mediastinal node

11. Pulmonary Vasculature 

a. lung is only organ to receive entire cardiac output

b. pulmonary a for lung parenchyma, bronchial artery for airways

c. broncho-pulmonary anastomoses important for causing hemorrages during infarction

Respiratory Physiology: Review & Clinical Applications

1. Relationship between airflow, pressure, resistance

a. R = P/V

b. Resistance is directly related to pressure (push higher inc resistance) and inversely to flow/volume

2. Describe factors affecting airway resistance

a. Series – share a common flow, nose to trachea/carina, resistances add; main component of resistance -> big effect on total resp resistance

b. Parallel – after corina, add reciprocally -> change of resistance has small impact on total respiratory resistance -> late onset of deep diseases 
c. Flow is related to 1/r^4, so that radius makes a huge difference, even bigger than ^4 for turbulent flow present in the larger airways

d. Pathology changing airway diameter increase airway resistance (aka things causing obstructive diseases)
i. Know these Ex: mucosal secretions, inflammation, edema; bronchocontstrictors, lowPCO2 causes constriction

ii. Apply the above to diseases, ex: asthma is mucosal secretion/inflammation/bronchoconstriction

e. Factors to decrease airway resistance (page 36 mechanisms)
f. Bernoulli effect – a convective acceleration (additional energy) required to pump air out from alvoli to trachea

g. Compliance = V/P, a measure of elastic work, i.e. how elastic something is, high compliance = very elastic = requires less work to inflate
i. Fibrosis decreases compliance (stiffer)

ii. emphezema increases compliance (loss of radial traction), you see a left shift on pressure/volume curve
iii. Diseases with decreased compliance are restrictive lung diseases

3. Describe factors affecting distribution of resistance (large vs small airways)

a. As lung volume increases airway resistance decreases (inc compliance) -> small chest wall increases airway resistance (low compliance state)
b. Maximal flow rate is effort dependent at large lung volumes (near TLC), at lower vital capacities flow rate will not increase even w/max effort

4. Explain role of surfactant mechanically

a. Responsible for phenomenon of hysteresis: nonID behavior seen for inspiration/expiration

b. Pressure for inflating alveolus is directly related to surface tension, inversely related to radius

i. Expected result: small alveoli would need large pressures for inflation -> poor ventilation in small alveoli

ii. Solution: surfactant changes molecular configuration, exhibiting high surface tensions at a stretched state (large radius) and low surface tension when alvoli are small

iii. Result: modifies/matches surface tension among airways of different sizes to equilibrate ventilation
5. What is the interaction between lungs & chest wall?

a. Respiratory muscles stretch lungs and chest wall due to surface tension (two glass slides w/water between)

b. Chest wall pressure volume curve is like a spring – resting distension forces expansion of lung

c. FRC determined by net state of combined lung/chest wall rest states, interact at pleural level

6. How is ventilation distributed among diff lung volumes

a. RV – base alveoli are near collapsed; breath will initially only inflate apex
b. FRC – normal resting place at end of expiration; 
i. V/Q match because base alveoli inflate more (on steeper part of P/V curve) to match larger perfusion in base lung
ii. In Pts with obstructive lung volume, higher RVolume, i.e. higher closer volume
c. TLC – total volume at maximal expansion; alveoli throughout lung are maximally distended

7. Relate regional distribution of ventilation to regional blood flow

a. 1:1 match (V/Q match) is the goal

b. Perfusion is highest at lung base due to gravity, ventilation at base of lung is increased by limiting pleural pressure at base of lung -> base alveoli have greater capacity to change volume for a given breath

8. How are expiratory flow & lung volumes measured clinically

a. Spirometry

i. Volume vs time – shows FEV1 and Forced Vital Capacity (TLC-RV)

ii. Flow vs volume – high peak, then effort-independent

b. Helium dilution – measures rate of dilution of given conc of helium but takes long time, just measures conducting airways

c. Body plethysmography – quick, preferred method, gets more accurate reading of all airway volume

9. Distinguish obstructive from restrictive respiratory disorders

a. Resistance * Compliance = seconds, thus lungs with high resistance/high compliance empty slower (i.e. emphezema)

b. Obstructive

i. Limited airflows, high resistances

ii. Ex: asthma, emphezema (COPD), chronic bronchitis (COPD)

iii. Characteristics: low FEV1, normal FVC -> low FEV1/FVC (<80%), concave scooping of curve, high RV

c. Restrictive

i. Compliance of lung is reduced

ii. Ex: fibrosis, scarring, inflammation, small chest wall, weak diaphragm

iii. Characteristics: decreased TLC, low FEV1, low VC -> normal FEV1/VC, minature curve
iv. Causes: lung diseases, chest wall deformities, neuromuscular diseases

10. Diffusing Capacity

a. Measures lung diffusion ability, perfusion, hemoglobin problem (sensitive not specific)

b. Useful for distinguishing pulmonary vs. chest wall etiology

i. Example: in obstructive diseases, low DLCO would imply emphysema, while normal is seen in asthma

ii. Example in restrictive diseases: low DLCO would imply lung parenchyma problem, normal could be chest wall problem
Arterial Blood Gases
1. Understand the physiology of oxygen transport in the blood

a. Dissolved O2 , measured by PaO2 – efficiency of oxygenation
b. Hb-bound, measured by SaO2 - % of Hb saturation

i. Tremendously increases oxygen carrying capacity of blood

ii. Saturation is sigmoidal;  in plateau phase you stay  >90% saturation even with big changes in PO2, steep phase is opposite

1. 75% (PaO2 of 40) is mixed venous/arterial saturation

2. 90% (PaO2 of 60) and above is normal

3. 88% (PaO2 of 55) qualifies for O2 as outPt

iii. Right-shift: lower saturation for a given PaO2

1. ex: fever, inc CO2, dec pH, inc 2,3-Bisphosphoglycerate; occurs in organs physiologically to drop off O2 to the tissues
iv. Left-shift: higher saturation for a given PaO2

1. ex: occurs in alveolar capillaries (low CO2, high pH, low temp allows oxy bind to Hb), fetal Hb, carboxyhemoglobin, methemoglobin; characteristic for oxygen pickup from alveolus to Hb for distribution
2. Proper interpretation of oxygen parameters of arterial blood gas

a. PAO2 = PInspiredO2 – (PaCO2/R) for measurement of alveolar O2 pressure, R=0.8

i. PIO2 = proportion of O2 in the air * sea level 760 – 47 for humidity effects

ii. At sea level, atmospheric room air, PI02 = 150mmHg

b. Alveolar-arterial gradient = PA02 – PaO2, inc gradient implies primary parenchymal lung disease (oxygen cant get to blood)

3. Understand the physiology of carbon dioxide transport in the blood

a. In blood: dissolved mainly as HCO3, also attached to plasma proteins; in RBC: mainly in Hb (dissolved also)
i. Increasing oxygen causes carbon dioxide saturation to go down -> alveolar capillary gas exchange 

b. We are neutral organisms, CO2-bicarbonate is main buffer system in body

c. H++ HCO3- < > H2CO3 <CA> H20 + CO2
d. Inc CO2 -> inc H+ since CO2 and bicarb are always in equilibrium -> lowers pH -> academia
e. pH = pKA + log (unprot HCO3/protinated H2CO3 aka CO2)

4. Understand the differences between metabolic/respiratory acid-base disorders

a. Note that compensation does not cure the problem

b. If bicarb goes up then pH goes up -> metabolic alkalosis (can be caused by dec of dec of acid)
i. Compensation is hypoventilation
c. If bicarb goes down then pH goes down -> metabolic acidosis (can be caused by inc of acid)
i. Compensation is hyperventilation

d. If CO2 goes up then pH goes down -> respiratory acidosis

i. Compensation is only chronic (3-5days)
ii. Increases acid excretion (effectively this increases bicarb absorption)

e. If CO2 goes down then pH goes up -> respiratory alkalosis

i. Compensation is only chronic

ii. Decrease acid excretion (effectively dec bicarb)
5. Proper interpretation of acid-base parameters of arterial blood gas

a. Normal PaO2 about 100mmHg but decreases as age increasees (PaO2 = 100 – Age/3)
b. Normal ranges:

i. pH:  7.35-7.45

ii. PaCO2: 35-45mmHG

iii. HCO3:  23-28 mEq/L

c. pH/PaCO2/PaO2/HCO3/SaO2 = 7.40/40/100/24/100%

know this pic cold
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Obstructive Lung Diseases

6. Asthma

a. Pathophysiology

i. Reversible airway obstruction, airway inflammation, inc responsiveness to variety of stimuli –thus Dx by methacholine
1. Result:  increased work of breathing, V/Q mismatch -> hypoxia

ii. Inflammatory response is a central role in development of asthma

1. central is IgE
a. IgE crosslinks mast cell & eosinophil for secretion of inflammatory mediators 
b. This is a hypersensitivity type 1 reaction

2. Mediators
a. most importantly histamine and can be blocked by anti-histamines (immediate response)

b. prostaglandins/leukotrienes, and later cytokines especially in chronic asthma (late asthmatic reponse)
3. “asthma is considered an eosinophilic lung disease”

4. inflam response cause immediate damage

a. airway smooth muscle contraction -> bronchoconstriction

i. constriction mediated by stimulation of PS ACh system, and relaxation of B2 adrenergics, non-adrenergic/non-cholinergic (NANC) pathways

b. mucosal edema -> fluid into airways

c. epithelial damage -> fluid into airways

d. more inflammatory cell recruitment (primary is eosinophil)
5. inflame response causes delayed damage

a. Ag presenting to macrophage, then as APC activates Tcells, Bcells -> more IgE -> more inflammation
iii. Obstruction (inc airway resistance)

1. More mucus w/mucus plugs
a. Goblet cells metaplasia (chronic irritation) and hyperplasia in smaller airways 
b. submucosal gland hyperplasia in bronchi/trachea

2. Problems with the airway

a. squamous cell metaplasia -> loss of ciliated cell -> mucus stasis

b. Mucosal edema, smooth muscle hypertrophy, basement membrane thickening
c. Mucus plugs, narrowing

3. Result

a. Dec in FEV1 (especially in late asthmatic response)
iv. Hyperinflation (inc TLC, RV)

1. decreased lung compliance (sitting higher on pressure-volume curve

2. diaphragm flattens out; muscle is not optimal work-tension curve

b. Pathology

i. Gross – airways not patent; obstructed by small size and mucous
ii. Narrowing of airways -> chronic increased work of breathing due to various causes

1. Inflammation, w/tons of eosinophils (mast cells also present), can also cause edema
2. Hypertrophy (and hyperplasia) of smooth muscle in submucosa (high proportion of SM in bronchioles -> big effect)
3. Thickened basement membrane

4. Mucus fills lumen of airways, mucus plugs
iii. Atelectasis can be found in an asthmatic lung, closed lung distal to obstructed airways

iv. Epithelial shedding (mucus is pathologically thicker and rips off some epithelium, forming Creola bodies)
v. Curschmann’s Spirals

1. coiled/kinked mucus from small airways

vi. Charcot-Leyden Crystals

1. eosinophil breakdown products

vii. Creola Bodies

1. clumps of epithlelial cells that clump together

c. Clinical Manifestations (test question)
i. Generally acute and reversible
1. acute: SMx present only during an attack: low FEV1, low FEV1/FRC ratio, inc TLC & RV

2. reversible: bronchodilator should lessen SMx

ii. Acute onset dyspnea, cough, wheezing, chest tightness, family history, sometimes specific triggers, respiratory alkalosis

iii. In severe attacks, fatigue takes over -> chest is quiet, somnolence, cyanosis (hypoxia), high pCO2 (cant rid fast enough)

iv. Classification of asthma is best done on newly Dx asthma, is based on SMx, PFTests, likelihood of exacerbation
d. Treatment

i. Tx is directed at the underlying inflammation; Tx of inflammation treats the bronchospasm but not vice versa

1. first treat inflammation, then worry about bronchoconstriction

ii. Patient education (avoiding known triggers) and self-monitoring (peak flow meter) are important
iii. Gastro-esophageal reflux disease (GERD) can exacerbate asthma and must be treated (along with nasal/sinus disease)
iv. Goal is to reach control and then consider stepping down in therapy

v. Bronchodilators

1. short-acting b2-selective agonists

a. prn for mild intermittent asthma, prophylaxis prevention

b. short acting are primary therapy for quick relief (only intermittent asthma)
c. “barometer” of control – use >2days / week indicates need more intensive therapy

2. long-acting b2-selective agonists

a. used in mild to severe asthma as adjuct to inhaled corticosteroids
3. short-acting anticholinergics

a. limited use but sometimes used in comb with b2 agonists in emergency, more used in COPD
4. long-acting anticholinergics

a. not used

5. Anti-leukotrienes

a. Not preferred, sometimes in children
6. Methylxanthines

a. Not preferred treatment, can be used adjuctively

vi. Anti-inflammatory Drugs

1. inhaled corticosteroids

a. most potent & effective long-term control medication

b. treatment is focused on treating the underlying inflammation

c. the first ADD-ON drug after short-acting b2 agonist
2. oral corticosteroids

a. long term use is not recommended due to S/Es, used short burst for exacerbations

3. Mast-cell stabilizers

a. Esp for preventative treatment, ok for mild asthma but not as good as inhaled corticosteroids, but good S/E

b. Nedocromyl used for exercise induced asthma

4. Immunomodulators

a. Only most severe cases

5. Alpha-1 antitrypin

a. No role

vii. Intermittent asthma – use prn bronchodilators; anything more severe should use inhaled corticosteroid as adjuct to Tx inflammation

viii. Controlled asthma – consider reducing medications but if uncontrolled step-up therapy
7. COPD

a. Definition: group of D/O characterized by chronic cough, DOE, chronic irreversible obstructive airway disease

b. Examples: Emphysema, Chronic Bronchitis, Asthma, Bronchiectasis

c. Pathophysiology

i. Protease-antiProtease hypothesis

1. cigarette smoke stimulates inflammatory response, mainly neutrophils -> release proteases -> cell destruction

a. “COPD is a neutrophil lung disease”

b. A major role in emphysema where inc proteases is thought to lead to alveolar destruction

2. anti-protease deficiencies cause increase protease relative activity

a. a1-anti-trypsin deficiency – homozygote is 1:3000 -> 90% get emphysema, esp in lower lobes
b. deficiencies act as predisposition -> premature onsets, non-smokers, rampant bronchiectasis
ii. Free-radical damage hypothesis from cigarette smoke mediated inflammatory response

iii. Histone protein hypothesis

1. inc smoking causes dec in histone deactylaces -> rise in histone acetylation -> inc transcripton of inflam mediators

2. responsible for phenomenon of amplification – heightened inflammatory response

iv. SMC airway edema, mucus hypersecretion in small airways vs asthma (mainly in large airways)

d. Pathology
e. Clinical Manifestations

i. Disease is underDx, underTx, commonly caused by chronic smoking

ii. Chronic & irreversible, so SMx not just “during attacks”, this is progressive
iii. Decrease in diffusion capacity (DLCO) (vs. asthma)
iv. As with other obstructive diseases, see wheezing (esp on forced expiration) w/ prolongation of expiration, hyperinflamation (inc A-P diameter, hyperressonant lung fields) FEV1/FVC <70%, as disease progresses FEV1 declines, V/Q mismatch -> hypoxia, increased work of breathing

v. Obstruction in emphasema is due to loss of elastic recoil, and in chronic bronchitis is due to secretions/mucus plugs

vi. Systemic

1. weight loss

a. loss (and dysfunction) of skeletal muscle (inc TNF-alpha), esp in severe disease, poor Px indicator

2. cor pulmonale and increased jugular pressure seen late in disease

f. Treatment
i. STOP SMOKING, its irreversible Drugs provide only symptomatic treatment

ii. oxygen supplementation enhances survival (<88% O2 sat), prolongs course of the disease
iii. Prevent infections – pneumococcus vaccine, flu vaccines, early ABx
iv. Nutrition support is important, underweight can be bad

v. Bronchodilators

1. short acting b2 agonists

a. prn for short acting quick relief (antichol, B2 agonists) 

b. can be used on a regular basis to prevent/reduce symptoms
2. long acting b2 agonists

a. routinely used and effective in medium COPD
3. short-acting anticholinergics

a. mainstay of therapy – prn or regular basis, becoming replaced by long-acting
4. long-acting anticholinergics

a. mainstay of therapy on schedule basis, more convenient/effective than short-acting

5. Methylxanthine

a. Effective but inhaled bronchodilators are preferred (less potential toxicity)

vi. AntiInflammatories

1. Anti-leukotrienes

a. Not used

2. Inhaled corticosteroids

a. Used in severe stages of COPD/exacerbations must give high potency steroid

3. Oral steroids

a. Mainly only inhaled are used
4. Mast Cell Stabilizers

a. not used

5. Immunomodulators

a. not used

vii. Alpha-1-antitrypin

1. used specifically in treatment for Pts with alpha 1-antitrypin deficiencies

viii. Oxygen & Surgery – lung volume reduction surgery, consider in most severe COPD
8. Differences between the main COPDs: Chronic Bronchitis and Emphysema 
a. Clinically

i. CBronch

1. blue bloater
a. cyanotic/hypoxic, obese, younger, hypercapnic, increased hermatocrit (early hypoxemia) -> cor pulmonale
2. Dx based on history - cough w/sputum for 3months for 2 or more consecutive years

3. Xray: congestion, scattered infiltrates

ii. Emphysema

1. pink puffer

a. smoker, older, thinner, increased lung compliance, reduced DLCO (less surface area to breathe with), some airway obstruction, O2 normal
2. anatomic Dx – permanent enlargement of the acinus (small airway disease), no fibrosis
3. loss of radial traction – alveoli no longer kept patent by nearby alveoli -> obstruction

4. increase in compliance (floppy) since alveolar have less interconnections

5. puff fast enough to maintain O2 (and not usually hypercapnic), thus hypoxic pul vasoconst does not occur, and RHFailure/cor pulmonale is not really a problem like it is in chronic bronchitis
6. generally lack of cough and sputum production seen in chronic bronchitis

7. Xray: hyperinflation

b. Morphologically

i. CBronch

1. looks like asthma (accumulation of mucus in small airways, mucus plugging -> narrowing/inflammation of airways
a. Pt history is useful (esp chronic vs acute) in differentiating asthma & chronic bronchitis
2. hypertrophy/hyperplasia of submucosal glands in bronchus is pronounced 
a. Reid index is an objective measure of relative thickness of gland layer to total wall thickness, ~>50% is Dx

ii. Emphysema
1. permanent enlargement of airspaces distal to terminal bronchioles
2. tissue islands in small airways due to destruction of alveoli

3. Subtypes

a. Centriacinar/Centrilobular
i. Smoking causes this (thus, much more common)

ii. Central portion of acinus (respiratory bronchiole) replaced by dilated/distorted airspaces

1. “paper-punch” lesions

2. alveoli spared

iii. Upper lung lobe problem

iv. Common complication is bullous emphysema -> rupture of lung periphery -> pneumothorax

b. Panacinar

i. entire acinus is infected including the most distal alveoli
ii. caused by alpha-1 antitrypsin deficiency
iii. Lower lobe problem

iv. Lace-like pathology, uniform, diffuse
9. Bronchiectasis

a. Definition: chronic irreversible dilation and distortion of bronchi caused by inflammatory destruction in response 
b. Pathophysiology

i. Common result of various disease processes that result in inflammatory damage in the lung
1. ex: necrotizing infections, abnormal cilia, CFs, allergic bronchopulmonary aspergillosis

ii. Necrotizing infection destroys bronchial cartilage, muscle, tissue -> weakens wall; coughing further weakens the wall
iii. Clearance is impaired due to loss of ciliated epithelium, blockage of mucus, thickened mucus -> infection -> cyclical destruction

iv. Dilations prevent normal expulsion of mucus -> mucus pools -> obstruction

c. Pathology

i. Gross: large dilated/distorted airway spaces all over lung, often blocked, usually near pleural surface

ii. Horizontal ridging of cartilage within large airways

iii. Squamous metaplasia is common

iv. “tree-in-bud” pathologic pattern

v. Transmural inflammation, edema, marked fibrosis (chronic inflammation)
d. Clinical Manifestations

i. Generally chronic and irreversible

ii. Copiuous perulent stinky sputum production with cough

iii. Wheezing (due to obstruction), rhonchi (due to secretions), crackles/rales (due to opening of fluid filled airways)
iv. CT shows  dilated bronchi w/o tapering, huge holes all over in cross section “signet ring”
10. The pathophysiologic basis for airflow obstruction in each above category

Asthma & COPD Drugs

11. General

a. Aerosol delivery is advantageous -> high conc of drug to lungs, low first-pass effect (less drug interactions)

b. Think:  what kind of drug (bronchodilator or anti-inflammatory) and what duration (quick vs long acting)

c. Asthma: b-agonists, corticosteroids, mast cell stabilizers, antiACh, methyxanthine, immunomodulators, leukotriene modulators

d. COPD: b-agonists, corticosteroids, antiACh, methylxanthine, oxygen, alpha-1-antitrypsin

12. Bronchodilators
a. Non-selective beta agonists not often used anymore due to b1 S/E, epinephrine used for acute exacerbations, ephedrine, isoproterenol

b. Selective b2-agonists

i. Short acting (5hrs)
1. albuterol - racemic
2. levalbuterol – (R) enantiomer, double potency, less tachyphylaxis
3. piralbuterol

4. short onset, short duration

5. S/E: tachycardia, tremor

ii. Long acting (10hrs)
1. salmeterol – longer onset than formoterol, partial agonist
2. formoterol – full agonist
3. albuterol (sustained release) – only in tablet (not as good as aerosol)
4. S/E: tachycardia, tremor, rare but lethal asthma exacerbation -> don’t use as monotherapy for asthma
5. long chains -> lipophilic -> stay in body longer

iii. drug/receptor interaction
1. Gs stimulation via inc cAMP -> inhibition of contraction of smooth muscle cell -> bronchodilation
iv. MOA 
1. agonizes b-adregnerics to antagonize vasoconstriction -> relaxation of bronchiole smooth muscle (b2)
c. Anticholinergics

i. MOA for drugs

1. inhibit muscarinic cholinergic receptors -> reduce intrinsic vagal tone of the airway

ii. Short acting

1. ipratropium

a. S/E: dry mouth, blurry vision if sprayed in the eye, contraindicated in pts with soy/peanut allergy
b. Only block one type of receptor

iii. Long acting

1. tiotropium

a. blocks in prolonged manner M1 and M3 receptors

b. lasts 24 hours -> dosed once a day

c. same S/E as short acting

iv. Methylxanthine

1. Theophylline – used as long-term control medication w/sustained release formulations
2. Aminophylline – 80% potent to theophylline

3. MOA: non-selective inhibitors of phosophdiesterase -> increase in cAMP, also effects intracell Ca

4. similar in structure to caffeine -> reflective in S/E profile: tachycardia, CNS stimulation, hyperglycemia, insomnia
5. highly hepatically metabolized – many DDIs: age dependent, CYP1A2 especially (cimetidine and AMGs/Quinolones inhibit CYP450s, smoking, rifampin (induces CYP450)
6. narrow TI, must be monitored closely for toxicity
13. Anti Inflammatories
a. Antileukotrienes (don’t need to know)
i. Onset usually takes several days for full effects

ii. Leukotriene receptor antagonists

1. monteleukast – many dosage forms often used in children, no S/Es  good drug often used
2. zafirlukast – S/E: hepatic effects
3. MOA: competitively inhibit cysLT1 receptor on pathway of leukotriene production

iii. 5-Lipoxengase inhibitor

1. zileuton – need to take 4x a day
2. MOA: inhibits conversion of arachidonic acid to leukotrienes
3. S/E: hepatic effects, several drug interactions via CYP450
b. Corticosteroids

i. MOA: 

1. decrease inflammation though variety of mechanisms

ii. Inhaled

1. these are long-acting control drugs (long-onset)
2. beclomethasone – problem with spacer devices
3. budesonide

4. flunisolide – low potency
5. fluticasone – high potency
6. mometasone – high potency
7. triamcinolone – low potency
8. S/E: cough, dysphonia, oral thrush (lowered immunity) prevention by rinsing mouth after use
9. main difference between these drugs is their potency -> convenience/price
10. inhaler technique is important for proper drug use

iii. Oral

1. used for exacerbations
2. methylprednisolone

3. prednisolone

4. prednisone – metabolizes (activates) to prenisolone
5. various important S/E with long-term use: metabolic functions, immunosuppression
c. Mast cell stabilizers

i. Long onset, very long duration

ii. Cromolyn – for all children, asthma
iii. Nedocromil – esp exercise induced asthma
iv. MOA:  block release of mediators from mast cells

v. S/E: few

d. Immunomodulator

i. Omalizumab

ii. Administered subcutaneously

iii. MOA: monoclonal Ab against IgE, inhibits binding to mast cells, reduces IgE

e. Alpha-1- antitrypsin

i. Alpha-1-proteinase inhibitor

ii. MOA: provides adequate antineutrophil elastase activity and protection in lungs of indiv with alpha 1-antritrypisin deficiency
Cystic Fibrosis

14. CF is a genetic disease whose gene and gene product (CFTR) have been identified

a. First genetic disease identified

b. Mendilian autosomal recessive inheritance, carriers are asymptomatic but mutations are complex

c. Identification has improved Tx, marked increase in survival in 40s now

15. Understand major functions of CFTR

a. CFTF gene makes Cystic Fibrosis Transmembrane Regulator protein

b. which functions in apical cell membrane of epithelial cells as a chloride conductance channel

c. also regulates other channels/transporters (ENac for Na, and CaCC for Calcium)
i. one result is a more negative luminal surface epithelium due increased sodium absorption and dec chloride permeability
16. Understand that relationships between gene mutation, abnormal gene product, clinical disease are complex

a. Tx is made difficult by numerous etiologies of the disease

i.  Abnormalies of quantity, processing, trafficking, function, rate of turnover 
b. ΔF508 causes abnormal folding of protein, thus it is degraded in the ER and does not get incorp into apical membrane

17. Effect of Mutations in CFTR

a. mutations do not always cause CF might just be a polymorphism

b. Over 1500 mutations identified, most are pathogenic, 2/3 of mutations are ΔF508

c. Some mutations that are not known (or not those on routine test panels) can cause CF
d. Some mutations can cause CF related disorders (like CBAVD) but not CF
18. What are the major clinical manifestations of CF

a. Primarily effects lung & pancreas, also intenstines, gallbladder, liver, kidneys, sweat glands
b. Lung

i. Cause: CFTR mutation -> decreased Cl- conductance and probs with ENac/CaCC cause problems with mucus and secretions

1. Mucins in CF are abnormally viscous 
2. Decreased volume of airway surface (periciliary) fluid

ii. Results in
1. inadequate mucociliary clearance
2. prominent airway obstruction

iii. Which results in 

1. Notable infections: Staph, Pseudomonas, H flu, Burkholderia cepacia

2. bronchiectasis
iv. Digital clubbing is common

v. Also notable: allergic bronchopulmonary aspergillosis, hemotysis, pneumothorax, cor pulmonale

vi. Transplant is an option

c. Naso-Sinus

i. Abnormal development, evidence of pan-sinusitis (dec mucus clearance)
ii. Nasal polyps often seen

d. Pancreas

i. Obstruction of exocrine pancreas – panc enzymes not produced so problems with fat/protein digestion
ii. Chloride & bicarb secretions are reduced – dec fluid secretion and protein precipitation in ducts
iii. Dilated ducts, loss of acinar cells

iv. Diabetes mellitus as panc eventually gets destroyed -> need to give insulin/nutrition
v. Results in stool fat losses (steatorrhea), malabs of KADE vitamins, meconium ilius
e. Subtypes

i. Note that type of mutation determines phenotypic expression

ii. Classic (90%)
1. Chronic sinus-pulmonary disease
a. chronic infections with acute exacerbations, airway obstructions, bronchiectasis

2. Gastrointestinal & nutritional problems

a. pancreatic insufficiency – obstruction of exocrine panc
b. biliary cirrhosis – obstruction of bile
c. bowel abnormalities – meconium of newborn is abnormally thick and constipated
3. male infertility due to obstructive vas deferens (spermatogenesis is OK)
4. salt loss syndromes – lose too much salt in sweat
iii. Non-classic CF (just an aspect of CF)
1. Dependent on quantity of functioning CFTR, highly dependent on type of mutation (genotype)
2. Pancreatitis (but not complete insufficiency), often spare the pancreas
3. Sinusitis

4. Male infertility (congenital bilateral absence vas deference CBAVD), but lacks other features of CF
19. What are the Dx standards for CF?

a. Dx:
i. Evidence of CFTR mutation (inc sweat chloride >60, abnormal nasal potential difference, mutation in genotype)

ii. AND CF in a sibling or positive newborn screening test

b. Note that sweat contains abnormally high chloride

20. What is Tx for CF?

a. Airway clearance techniques

i. Percussion, postural drainage, positive expiratory pressure mask, autogenic drainage, high freq chest compression

b. High strength Abx for chronic and exacerbations, ex: inhaled tobramycin
c. Thin mucous using DNAase

d. Hypertonic saline to return ionic nature of mucus
21. How is efficacy of treatment determined (what end-points of studies are measurable and clinically important?)

a. Note that survival is improving (>40yrs)
b. Measure change of FEV1 on pulmonary function tests above placebo
c. Not reasonable to test mortality as an end-point for CF tests (life expectancy is now ~40yrs)

d. Useful endpoints include time-free from SMx, time-free from Exacerbation, quality of life

Pneumonia
22. Know the alterations in host defenses which predispose to infection – ID in a clinical vingette
a. Extremes of Age – weak immune systems
b. Malnutrition (alcoholism)
c. Debility (bedridden)
d. Depressed level of consciousness (alcoholism)
e. Airway abnormalities (cystic fibrosis)

f. Defective mucociliary function (smoking, cystic fibrosis)

g. Co-morbid illnesses

h. Immunosuppression (AIDS, cancer)
23. Understand the distinction between different kids of pneumonia
a. Classified by host related factors/x-ray, importance is to suggest potential organisms for early ABx selection while lab results are pending
b. Can be classified by anatomic distribution

i. Lobar pneumonia

1. pneumonia distribution focused on just one lobe (common in strep pneumo), sometimes entire lobe infected

2. alveoli are filled with blood-derived inflammatory exudate, tons of neutrophils, capillary congestion

3. if occurs near pleaural surface can lead to empyema

ii. Lobular (broncho-) pneumonia

1. primary infection in bronchi/bronchioles, spread to alveoli

2. a patchy process with spots of infected and normal lung adjacent

3. more necrotic, destructive, more fibrosis

c. Can be classified by histology

i. Organizing pneumonia

1. sometimes exudates from bact pneumonias do not completely resolve and organize into “foci of fibrosis”

ii. Lipoid Pneumonia
1. Lipoid pneumonia – post-obstructive pneumonia distal to lung blockage (ex: from a tumor), macrophages are foamy after ingesting lipid material, lipid will eventually be released from cells -> coalesce into large droplets -> fibrosis will occur
d. Can be classified by type of organism

i. Bacterial - main cause of pneumonia (strep pneumo)
ii. Fungal (GMS stain)
iii. Viral

1. alveolar epithelial destruction minimal exudation, and hyaline membrane formation

2. characteristic cytopathic changes (intra-nuclear (CMViral infection) and cytoplasmic inclusions (RSV))

3. inflammatory infiltrate is less pronounced, usually in interstitum (not alveoli), mononuclear

4. Common clinical picture is CMV in post-transplant pt

e. Community Acquired Pneumonia

i. Ex: healthy adult living in the community who gets pneumonia

ii. Epidemiology of pneumococcal pneumonia aka streptococcus pneumonia

1. #1 in all groups, all categories, any type of patient
iii. Clinical Features of pneumococcus pneumonia (know all)
1. acute onset
2. high fever with shaking chill

3. dyspnea, chest pain, short of breath (SOB)

4. cough with rusty colored sputum

5. increased WBC

6. lobar consolidation on chest x-ray -> percussive dullness
7. gram stain + diplococci
8. Px worsened by: bacteremia, >1 lobe affected, type 3 serotype, extremes of age

9. Dx is by radiologic, clinical and gram stain

iv. Less common community acquired pneumonias

1. Mycoplasma Pneumonia

a. Walking pneumonia, inhalation spread -> outbreaks in youth living near, in winter, 

b. Onset is less acute, bullous myringitis (blisters on eardrum), crackles (it’s a bronchopneumonia, ie lobular)
c. Mild course, often recover spontaneously

2. Legionella Pneumonia
a. Water source, think overweight guy w/some heart disease smoking cigars, drinking alcohol with his old buddies

b. serious illness – high fevers with repeated chills, diarrhea, relative bradycardia
c. Dx: direct fluorescent antigen; no cell wall so you cant gram stain

3. Hemophilus influenza

a. Common in COPD, sickle cell patients (H flu is encapsulated)

b. Very very productive cough, pleuritis

4. Klebsiella pneumonia

a. Common in alcoholics, debilitated patients
b. Big gram – rod

c. High fevers, very productive sputum (bulging fissures on x-ray)

5. Staphyloccal pneumonia

a. Common presentation is in elderly pts following infection with the flu

b. Common in IV drug users, iatrogenic

c. Gram + in clusters, necrotizing infection

6. Anaerobic infections

a. Mixed organisms, aspiration of poor oral hygiene

b. common cause of lung abscess, necrotizing pneumonia -> empyema

c. Common with impaired consciousness, dysphagia, neuromuscular disease

d. Foul smelling sputum, subacute course

f. Nosocomial pneumonia 

i. Health care related pneumonia with high cost, high morbidity, high mortality

ii. goal is prevention and early recognition for treatment with highly aggressive therapy

iii. Gram – pneumonias are more common here (or staph)
1. necrotizing infections (destroy lung tissue), opportunistic infections
g. Pneumonia in immunocompromised

i. Susceptible to opportunistic pneumonia (pneumocystis carini pneumonia) in addit to bacterial
ii. Pneumocystis jirovecii – yeast-like fungus characteristic of HIV patients
iii. Disease or therapy induced

iv. Very common (75%) of immunocompromised get pneumonia

1. commonly a bacterial cause but anything opportunistic should be covered with therapy

24. Be familiar with the general features of fungal pneumonias
a. Use recent travel history, invasive forms more common in immunocompromised hosts
b. Remember that fungal infections, like TB infections, can form caseating granuloma (in contrast to sarcoid, beryliosis)
c. Development of anergy is a poor Px indicator of overwhelmed immune system (same as occurs in TB)
d. Coccidioidomycosis

i. SW and northern Mexico, can use skin & serology testing (IgG may take 3 months to develop)
ii. Most resolve spontaneously, treat chronic forms (sick >8 weeks) and disseminated forms (meningitis)
iii. Pathology: look for a large endospore, intra-alveolar mononuclear exudate
e. Histoplasmosis

i. River valleys of central & eastern USA, bird & bat droppings (caves, attics)
f. Blastomycosis

i. Near water, broad based bud unlike histo, acute illness, responds well to various treatments
g. Aspergillus

i. Allergic BronchoPulonary Aspergillosis (ABPA) - in asthmatics; worsening of asthma control, mucus plugs
1. big cause of bronchectasis

2. hyphal growth

ii. Hypersensitivity pnemonitis (farmers lung – Aspergillus/actinomyces) 
iii. Fungus ball - fills whole in the lung, fills preexisting cavity (like from TB)

iv. Disseminated form - often fatal occurs in immunocompromised (leuke/lymphoma)
h. Mucor

i. Branched, non-septate hyphal growth
Neonatal & Pediatric Lung Diseases

25. Review normal lung development, esp alveolar development

a. Pseudoglandular Stage

i. Till 16wks, lung bud, lung lobes (fistula), mucus glands before serous, cilia, pulmonary veins are first vascular structure

1. example: Tracheoesophageal fistula (TE fistula) is a very early insult during pseudogland stage

b. Canalicular Stage

i. 16-26wks, Respiratory bronchioles appear, formation of alveolar duct and air sacs lined with cuboidal cells (Type I,II precursors)

c. Alveolar Stage

i. 26wks-, cuboidal cells thin and become closely assoc with capillaries, Type II surfactant producing cells populate alveoli

26. Understand role of surfactant and the develop. Of infant respiratory distress syndrome

a. Surfactant

i. Pulmonary surfactant is called lectithin or aka dipalmityolphosphatidylcholine
ii. stored in lamellar bodies of type II pneumocytes
iii. Surfactant production beings 26wks during alveolar stage, increases throughout 3rd trimester
iv. Prevents alveolar collapse (evens out V/Q)

v. Assess lung maturity by increase in lecithin:sphingomyelin ratio

b. Infant RDS (Aka “hyaline membrane disease”)

i. Due to impaired/delayed surfactant synthesis resulting in low lung compliance, atelectasis, inc work of breathing

ii. Clinical Manifestations

1. blue baby, tachypnea, grunting, nasal flaring, chest wall retractions

2. neonate is hypoxic with respiratory acidosis 

a. hypoxemia -> vasoconstriction -> pulmonary hypertension -> right ventricular failure (cor pulmonale)

3. endo/epithelial damage

4. Tx: oxygen supplementation & surfactant replacement

iii. Incidence

1. highest in premature births 26-30wks of gestation (before that there are no alveoli)
2. high if mother is diabetic, an asphyxia event during pregnancy, maternal bleeding

27. Know predisposing factors and theories of pathogenesis of SIDS

a. Theory of Pathogenesis
i. Brain stem development abnormalities or maturation delay? -> neuroregulation of heart/respiration, dec O2/CO2 responses

ii. Evidence: Pulmonary edema, pedechaie, signs of asphyxia, sometimes brainstem abnormalities, upper airway occlusion
b. Predisposing Factors

i. Various environmental stresses on the mother – young, smoker, drug use, poverty, multiple children, UTI

ii. Early: Intrauterine hypoxia/asphyxia, fetal growth retardation, malnutrition, less prenatal care, inc placental weight

iii. 
Monitors not valuable, watch for other things

iv. Post-natal: peak death is 2-4mo; high in males, bottle fed babies, recent fever, smoke exposure, co-sleeping, prone position

v. Not familial; suspect infanticide with >1 death

28. Understand the role of ciliary dysfunction in the generation of clinical symptoms of immotile cilia syndromes
a. Cilia: 2 central tubules, 9 pair of peripheral tubules with dynein arms anchored into basal body, radial spokes connect central/peripheral pairs

b. Defect in any part cause a specific disease

c. Clinical Manifestations

i. Similar to cystic fibrosis due to ciliary defect but not as bad 
1. CF also has esp thick mucous that clogs things too, so here you don’t have nutritional problems as seen in CF

ii. Poor clearance -> recurrent/chronic infections of upper/lower airways, bronchiectasis, pneumonias

iii. Immotile sperm

iv. Kartageners syndrome shows cilia problems with dynein arms
v. situs inversus and dextrocardia (failure of organ rotation during development)

vi. Suspect in young adults/children Pts with recurrent upper or lower respiratory infections

The Heart in Lung Disease: Examination of Heart & Lungs
29. Understand distinct functions of right vs left ventricle

a. Right ventricle shuttles blood to pulmonary circulation (lungs), left vent sends blood systemically

b. Systole is contraction, aortic/pulmonary valves are open, S1 is due to closure of mitral/tricuspid valves

c. Diastole is relaxation

30. Be familiar with normal exam findings of heart & lungs and relate them to diseases presented in this unit

a. Heart

i. Inspection

1. can see internal jugular demonstrates hypertension in venous circulation

ii. Palpation

1. feel point of maximal impulse (PMI) where atria strikes chest wall

iii. Percussion

1. not done anymore

iv. Auscultation

1. aortic vale is heart left chest, pulmonary valve right chest (“reversed” by intuitive position)

v. Heart Sounds

1. S1 – “lub”, sound of AV (mitral/tricuspid) valves closing in response to ventricular systole
2. S2 – “dub”, sound of aortic/pulmonary valve closure in response to end of ventricular systole
a. i.e. aortic blood and pulmonary a. blood slam shut the valves shut

b. splitting of S2
i. normal during inspiration when negative intrathoracic pressure inc blood volume in right ventricle 
ii. pathological due to pulmonary hypertension -> pulmonary valve stays open longer than aortic valve causes loud split “accentuated P2 sound”; risk for pulmonary ventricular failure
c. fixed split S2 is pathologic, occurs in atrial septal defects or ventricular septal defects

3. S3 – pathologic in adults, due to a failure of left OR right ventricle, heard in mid-diastole, “Tennessee” 
4. S4 – pathologic in adults, not of valvular origin, due to failing left ventricle
b. Lungs
i. Inspection

1. kidney bean shape is normal, observe rate, rhythm, effort

2. rapid breathing (shallow/deep), bradypnea, accessory muscles

3. deformities: pectus excavtum/carinatum (pigeon), kyphosis – hunchback; all restrict/affect heart/lungs

ii. Palpation

1. respiratory excursion - thumbs move apart upon inspiration

2. fremitus – palpable vibrations transmitted through abnormal areas of lung, through chest wall during speaking (“99”)

a. lobar consolidation pneumonias very sensitive, vs. fluid buildup (effusion) will not transmit the vibrations

b. now used to differentiate pneumonia consolidation and pleural effusion during heart failure

iii. Percussion

1. used to determine whether underlying structures are air filled, fluid filled, or solid
2. resonant is normal, hyperressonant implies hyperinflated, dullness implies fluid/solid

iv. Auscultation

1. listen throughout lung fields, only inspiration is audible (normal = “(broncho)vesicular breath sounds”)
2. increased intensity “bronchial breath sounds” apparent in consolidation with open airways, or over trachea

3. decreaed intensity – pleaural effusions, plugs in airways, decreased airflow

4. Crackles/rales – “rubbing of hair next to ear”, heard during inhalation, indicates popping open of closed/congested alveoli 
a. Ex: pneumonia, atelectasis, pulmonary fibrosis, bronchiectasis, pulmonary edema, IPF “Velcro” crackles

5. Rhonchi – low pitched bubbling sounds during expiration, assoc with large amounts of secretions/narrowing
a. COPD

6. Wheezes – high pitched musical tones during expiration, characteristic of obstructive lung disease, asthma/emphesema
7. Stridor – loud harsh sound during inspiration, assoc with upper airway obstruction

8. Vocal fremitus – use stethoscope, hear “99” especially loud, inc demonstrates consolidation; dec could be effusion
9. Egophony – “EE sounds like “AA” in areas of consolidation

10. Whispered pectroliloquy – “66” sounds loud and clearly with consolidation

31. Know differences between pulmonary and systemic circulation

a. Pulmonary

i. Low pressure, low resistance (5% of systemic), high capacitance (can expand easily, as during exercise)
b. Systemic

i. High pressure, thick muscular arteries with high resistance, low capacitance

32. Manifestations of left ventricular failure involve increased hydrostatic pressure to the lungs 
33. Manifestations of right ventricular failure increases hydrostatic pressure in the systemic circulation

34. Know the abnormal exam findings of heart and lungs in right/left heart failure

a. Extra (adventitial) sounds generally – airway diseases (wheezes/rhonchi), restrictive diseases - crackles

b. Consolidation
i. Percussion – dull

ii. Breath sounds – all increased, bronchial, 
iii. Fremitus – increased, egophony, whispered pectoriloquy

iv. Added sounds - crackles

c. Pulmonary Edema

i. Percussion – resonant

ii. Breath sounds – normal

iii. Fremitus – normal

iv. Added Sounds - crackles

d. Asthma/Bronchitis

i. Percussion - resonant

ii. Breath sounds -  prolonged expiration 

iii. Fremitus – normal

iv. Added sounds – wheezes
e. Emphysema/Hyperinflation

i. Percussion – hyperresonant

ii. Breath sounds – decreased/absent with prolonged expiration

iii. Fremitus – decreased

iv. Added sounds – wheezes, rhonchi, crackles
f. Pleural Effusion

i. Percussion – dull

ii. Breath sounds – dec/absent

iii. Fremitus – decreased/absent

iv. Added sounds - none

35. Understand the rationale for different therapeutic approaches to right and left heart failure

a. Left Ventricle

i. Treatment of LV failure is directed at LV, such as b1 agonist

ii. Causes of failure

1. blood/bv: chronic hypertension, vascular disease (diabetes); hrt: MI, valvular hrt disease, cardiomyopathy (hypertrophy) 

iii. Result of failure

1. LV fails to empty effectively -> increases diastolic pressure -> pulmonary hypertension -> pulmonary edema

2. Difficulty breathing, orthopnea, paroxysmal nocturnal dyspnea

3. tachypnea, tachycardia, S3 sounds, arrhythmia, rales/crackles (esp lower lung fields), pleural effusion, right vent failure

b. Right Ventricle

i. Treatment of RV failure is directed at the underlying disease; treat LV only if LV is the cause of the pathology
ii. Causes of failure

1. left sided failure, lung problems can cause right ventricular failure
2. Pulmonary causes: thromboembolism, COPD 
a. hypoxemia -> pulmonary vasoconstriction -> pulmonary hypertension, cor pulmonale = RHFailure
iii. Result of failure

1. systemic hypertension -> leg swelling with pitting edema, ascites/hepatic congestion, dyspnea

2. tachypnea, tachycardia, distended jugular veins, RV heave

Tuberculosis & Non-tuberculosis Mycobacteria
36. Be aware of global/national TB incidence trends

a. Globally #1 infectious cause of death in adults, 1.9billion infected, high coinfection with HIV

b. Nationally, now decreasing but plateauing, high in minorities and immigrants

37. Understand the basic microbiology/pathophysiology of TB

a. All mycobacteria can cause granulomas (type IV hypersensitivity), Acid-Fast positive, cause Tb skin test positive reactions

b. Tuberulosis by Mycobact tuberculosis
i. just right size to make it into lungs, strongly acid fast (don’t gram stain)

ii. very slow growing: must wait for culture results, ABx work slowly, can be latent infection (survives in macrophages)
iii. MTb is always a pathogen and its presence should be treated

c. non-Tuberculosis by other Mycobact spp.
i. Has similarites to MTb, does not always cause disease, can cause disease diff from TB, can cause confusion with the disease
1. lymphadenitis, cutaneous disease (from water), disseminated disease (MAC in HIV patients)

ii. Not always a pathogen, can also be an innocuous colonizer that doesn’t require treatment
iii. When to Tx?  

1. When you have a large bacterial burden and no other explanation of SMx

2. causes pulmonary disease, but also lymphadenitis, cutaneous disease, disseminated disease

d. Pathogenesis

i. MTB is spread by droplet nuclei (small particles 1-10microns) that can be inhaled person2person

1. transmission based on # of droplets, # of organisms/droplet, duration of exposure

ii. NTM is not spread person to person, it has a water or soil source

iii. Primary infection 
1. is usually subclinical
2. Inhaled bacilli land in alveoli and multiply (Gohn focus), grow in hilar lymph nodes (Gohn complex), disseminate hemotagenously, first immune response is PMN followed but macrophage engulfment (w/in few days), then T cell
iv. Result of primary infection

1. 90% cases heal with granulomas (“heals”) and never get reactivation, i.e. the infection remains latent
a. Infection – by definition, skin PPD or blood g-INF test is +

b. Takes up to 2 months for pos PPD rxn because it’s T-cell mediated (delayed-type IV) hypersensitivity

c. Infection is latent if no SMx
2. 10% the LTBI progresses, the LTBI patient gets reactivation/secondary TB
a. Half show early disease: bronchopneumonia, pleaural effusion, lymphadenopathy, worse Px is Miliary TB

i. Miliary TB is an emergency, can be lethal, caused by rupture of cavitation followed by hematogenous spread throughout lung forming multiple small granuloma throughout lung parenchyma
ii. Diff Dx: BronchoAlvolarCarcinoma (looks like bronchopneumonia)
b. Half show late disease (>2yrs): cavitary disease in upper lobe, systemic TB (ex: kidney, Pott’s = bone)
v. Pathology – granulomas, epitheloid cells (large cells elongated), langerhans giant cells (fusion of macrophages), 

1. Gohn complex = Gohn focus (spot of intitial infection, will become necrotic) + a secondary spread in hilar nodes
2. granulomas are caseating/necrotic but may not be at early stages (so initially it can look like sarcoidosis/beryliosis)

38. Distinguish between disease caused by Mycobacterium TB and Non-tuberculosis mycobacteria

a. NTM in a clinical specimen does not always require treatment
b. There is no person to person spread of NTM
c. Mycobacterium Avian Complex (MAC) is the most common NTM found in HIV individuals
i. Mycobact avium intracellulare complex (MAC) caused by M. avium and M. intracellulare similar species

ii. Most common mycobacterium infection in AIDS patients w/severely compromised immune systems

39. What is the difference between TB and Latent TB (LTBI) infection?

a. LTBI

i. TB infection w/o evidence of disease

ii. PPD/g-INF tests are used to identify LTBI infection

iii. presumed presence of organisms

iv. life-long risk of TB disease

v. presence of granuloma is irrelevant

40. Dx TB and Latent TB infection

a. TB

i. Cough, weight loss (cachexcia), fevers with chills, hemoptysis, malaise, abnormal X-ray, culture, granuloma, PPD/g-INF
1. (note that diff DX of malaise & cachexia include malignancy as well)
ii. Acid Fast stains (not gram stain) w/in a day – Ziehl-Neelson, fast, flurescence testing is more sensitive tho, not very specific, DNA tests are good

iii. Culture of sputum takes 2wks, but is 10x more sensitive than stains -> gold standard of Dx

1. allows precise ID and antibiotic sensitivity (can take up to a month)

b. LTBI

i. TB infection (+ test) but lack SMx
ii. Recommendation to do targeted skin tests – only indiv at high risk (recently infected, clinical conditions to inc risk of progression), treat all+s, must exclude active TB

iii. Tx is monotherapy with isoniazid or rifampin ~9months (6 if no cavitations)
41. Interpret TB skin tests (TST, PPD)

a. Tuberculin skin test are positive in both MTb and NTM
b. Mantoux method – intracutaneous injection w/5 TUnits of Purified Prot Deriv, induration (hardness) not redness measured after 3 days
c. False +s:  BCG vaccination (smaller reaction and wanes with time), NTM exposure (smaller reaction)

d. Use lowest threshold for indiv at highest risk for developing disease; highest threshold for those least likely to develop disease

e. 5mm – for those at highest risk:  HIV infected, previous untreated TB, immune suppression, recent contact with an actively TB Pt
i. Note that immuno-supressed include: HIV, cancer, corticosteroid treatment, TNF-alpha antagonists

f. 10mm – immigrants, children, health care personnel
g. 15mm – no known risk factors, targeted skin testing is not recommended
h. Boosting – used to jog the immune memory of an infected individual, not a conversion

42. Quanti-FERON Gold test

a. New method, may replace skin test, in vitro ELISA of g-INF in blood, specific for MTb, no boosting, still need intact immune system
43. Know the use of Interferon-gamma Release Assays in the Dx of TB & LTBI
a. Tests g-INF released from macrophages infected with TB -> a test for LTBI

44. How does TB drug resistance develop?

a. Resistance (its man-made phenomenon)

i. Some will gain resistance to one drug, other bacteria to another drug

b. How to prevent resistance

i. Never use monotherapy

ii. Never add a single agent to a failing regimen
c. What is MDR-TB

i. Resistance to isoniozid & rifampin

d. What is XDR-TB

i. Resistance to isoniozid & rifampin & another class

45. What is the basic interaction between MTb and HIV?

a. Co-infect is very high disseminated MAC with HIV and CD4<50
b. infection with one makes coinfection easier

c. Clinical presentation is often unusual, extrapulmonary disease is more common

d. Tx of TB and be complicated due to DDI interactions with HIV medications, but Tx of one helps Tx of the other
46. Treatment of TB
a. Not only important to prevent resistance, must prevent relapse using adequate duration of treatment (slow growing organism), consider DDIs
b. Directly observe therapy can be useful in pts w/poor compliance

c. Isoniazid (INH)
i. MOA: inhibit synth of mycolic acids required for cell wall construction

ii. S/E: hepatotoxicity, peripheral neuropathy (due to B6 deficiency) -> B6 supplementation to prevent neuropathy
iii. Highest rates of resistance buildup

d. Rifampin

i. MOA: inhibit RNA polymerase to inhibit RNA synthesis
ii. S/E: hepatotoxicity, potent inducer of CYP450 -> many DDIs, colors secretions orange, cholestatic jaundice
e. Pyrazinamide (PZA)

i. S/E: hepatotoxicity, polyarthragias, hyperuricemia->gout

f. Ethambutol

i. MOA: inhitis arabinosyl transferases required for cell wall construction

ii. S/E: retrobulbar neuritis (causes cloudly vision or red-green color blindness) need to screen for vision screening

g. Fluoroquinolones (esp moxi/levo)

i. MOA: inhibit topoisomerase II, IV

ii. S/E: CNS (headaches, dizziness, insomnia, seizures), damage to growing cartilage (don’t use in kids), tendon rupture

iii. Also cause reduced oral abs of divalent cations

h. Linezolid

i. MOA: inhibit protein synth by binding to ribosomal 50S sub-subunit
ii. S/E: well tolerated, rare thrombocytopenia, assoc w/5ht syndrome with SSRIs, neuropathy

i. AMGs (Capreomycin, strepto,amakacin)

i. MOA: inhibit protein synth by binding to 30S subunit

ii. S/E: nephrotoxicity, vestibular toxicity, ototoxicity, neuromuscular problems

j. Ethionamide

i. MOA: inhibits mycolic acid production like INH

k. Cycloserine

i. MOA: inhibits alanine racemase required for cell wall

ii. S/E: CNS problems, B6 tends to help

l. Treatment of Latent TB Infection

i. Should be treated

ii. Must ensure Pt does’t have active TB which requires polypharmacy

iii. Monotherapy with INH – most standard is daily for 9 months, 6months is OK w/o co-infections or fibrotic lesions

iv. Don’t use Rifampin with pyrazinamide

m. MTb

i. 4 drug therapy

ii. RIPE: Rifampin, isoniazid, pyrazinamide, ethambutol

iii. Ethambutol can be dropped first, PZA allows for total reduction of duration

n. Scenarios

i. Continuation Phase

1. if at 2 months: no cavitation, culture negative then only 6 months total therapy required with cont. bi-therapy

2. if at 2 months: cavitation and culture positive, bi therapy should continue for total therapy of 9 months 
o. Managing hepatoxicity

i. If S/E develop, W/D all agents vs. one at a time, could go either way
ii. Key is to start treating as soon as possible

Interstitial Lung Diseases
47. Restrictive Lung Diseases

a. Fibrosis, Sarcoidosis, Pleural effusion, Hypersensitivity pneumonitis, lung cancer, ARDS, neuromuscular diseases

48. Know what is meant by ILD
a. Interstitial Lung Diseases are a heterogenous group of disorders, chronic w/acute exacerbations, not infectious/neoplastic in nature, involve inflammation/fibrosis at interstitium and alveolar level in a diffuse distribution, result in restrictive hypoxemia
49. What is the classification of ILDs?

a. After ruling out infection, cancer, pul edema, but have core presenting symptoms, think beyond pneumonia/CHF, might be an ILD

b. Various entities not easily specifically Dxed, requires multidisciplinary approach 
c. 1/3 are known cause

i. Pneumoconisosis (inorganic substances: silicosis, asbestosis)

ii. Hypersensitivity Rxns (organic substances: Farmers lung is type 3 hypersensitivity)

iii. Toxins (nitrogen oxides: silo-fillers disease)

iv. Drugs, radiation, oxygen toxicity
d. 2/3 unknown cause

i. Idiopathic Interstitial Pneumonias
50. What do ILDs share in common?

a. They’re restrictive lung diseases: fibrotic tissue replaces alveoli/interstitium -> dec compliance (stiff lungs)

b. Alveolar destruction 

i. Hypoxemia, honeycomb cyst pathology
c. Pathogenesis: proliferation/differentiating of fibroblasts due to some kind of inflammatory process
d. Clinical Presentation: Cough, dyspnea, abnormal chest X-ray, crackles (“Velcro” common in ILD, esp IPF)

e. Diff Dx
i. Cancers and infections: Lymphangitic cancer spread (sarcoid also spreads this way), BAC, Leukemia/lymphoma, infections
51. Idiopathic Interstitial Pneumonias (IIP)

a. What does IIP mean?

i. They’re ILDs of unknown cause
ii. Examples:  
1. interstitial pulmonary fibrosis (IPF) aka UIP
2. sarcoidosis
3. can present in context of collagen vascular diseases (rheumatoid, scleroderma, SLE, Sjogrens, LAM)

4. Langerhans Cell Histiocytosis X, an eosinophilic granuloma – a smoking associated interstitial lung disease, Birbeck granules, affects children/young adults, can be assoc with diabetes insipidus
b. How is IPF different?

i. Most common form of idiopathic lung disease

ii. worst Px : chronic, progressive, no Tx - fatal, fibrosing pneumonia, 
iii. limited to the lung (vs. sarcoidosis)
iv. Differs from NSIP, as IPF has a worser Px, has no known Tx (not corticosteroids), more diffusely spread in lung
c. IPF 
i. Clinical Features (clinical profile of IPF)
1. characteristic Velcro crackles esp lower lobes, clubbing, progressive DOE, paroxysmal non-productive cough
2. a restrictive pulmonary physiology with low DLCO, wide p(A-a)O2 diff, (low FEV1,FVC,  compliance, TLC)
ii. Pathologic Features (histological profile of UIP)
1. pay attention to the interstitium (this is an interstitial disease)

2. distribution: patchy variation with fibroblastic foci (new/old areas) -> honeycombing
3. location: lung base, sub-pleural, posterior (mainly limited to lung vs sarvoidosis)
4. hyperplastic type II pneumoncytes
5. traction bronchiectasis (bronchi near pleaura) – due to scarring from other parts of lung
6. ground glass appearance
7. vs. NSIP is more uniformly distributed, more ground glassy appearance than honeycombing, and is more responsive to Tx

d. NSIP (vs UIP)
i. Uniform widening of alveoli, more homogenous, same stage of change
e. Desquamative Interstitial Pneumonitis (DIP)

i. Hallmark: large #s of alveolar macrophages, better Px than UIP/NSIP (less honeycomb)
ii. also see lots of alveolar type IIs and  interstitial fibrosis w/in lymph nodes
52. Sarcoidosis

a. Clinical Features

i. This is another idiopathic pulmonary fibrosis, so similar clinical SMx

ii. Definition: ILD that, unlike IPF, is a systemic non-caseating granulomatous disease
iii. Epidemiology: Affects younger adults (<40), usually women, often African American (and scandinavians)

iv. Location

1. Lymph nodes of lung are primarily involved
2. lymphangitic spread to hilar/mediastinal nodes
3. Skin shows characteristic lesions (macular rashes and nose bumps)

4. eyes (can go blind)

5. kidneys -> Vit D metab affected -> hypercalcemia
v. Much better Px than IPF, not frequently progressive usually remits spontaneously

vi. Share some charac with IPF: reduced FEV1, FVC, TLC, DLCO

vii. Dx not made on pathologic findings alone (multidisciplinary approach)

viii. You need to biopsy, shows non-caseating granulomas, rules out infection (mature TB, fungi)
b. Pathologic Features

i. Sarcoid Granulomas
1. due to accumulation of CD4 Tcells/macrophages at sites of inflammation (type IV hypersensitivity)
2. non caseating (no tissue necrosis), 
3. Schaumann Bodies, Asteroid Bodies often found

ii. Granulomas spread lymphangitically so can be found throughout body (systemic)
iii. Lung – usu restrictive can be mixed depending on site of granuloma, degree of DLCO

iv. Lungs, lymphadenopathy, iritis of the EYES, kidneys (vit D problems) and hypercalcemia, peripheral neuropathy, myopathy, cardiomyopathy
Occupational Lung Diseases
53. Note: These are also interstitial lung diseases, but are of known etiology, but as such they are mainly restrictive in nature

54. Understand clinical significance of dust macules in the lung

a. Inhaled (esp ~1micron size), deposited, retained in lung 
b. No physiologic abnormalities

i. Can be reassuring as presence of dots on X-ray w/o problems with breathing tests probably means it was just a harmless exposure

ii. No progression of the disease

c. May be seen on X-ray

d. Various rust/metal particles can be deposited with diff chemicals
55. ARDS/Diffuse Alveolar Damage 
a. Can result from occupational exposures to various fumes/gases
b. Chronically, an organizing pneumonia with massive fibrosis, Bronchiolitis Obliterans (BOOP), can occur

56. Silicacosis
a. Types of occupations where silica exposure is a problem

i. Most common occupational lung disease

ii. Anything that breaks rock/ceramic/sand/quartz and puts it in the air (sandblasting, quarrying, tunneling, pottery)

b. Clinical Features

i. Causes change consistent with restrictive disease: fibrotic changes, progressive dyspnea, cough, hypoxia, eventually cor pulmonale
ii. Location: upper lobes
iii. Upper lobes collapse against mediastium pulling bottom of lung up -> traction bronchiectasis ->restrictive lung disease

iv. Co-morbidities: Tuberculosis (“silicotuberculosis”), Rheumatoid (“Caplanss”) but NOT associated with cancer

v. General path:  nodules form that are not really granulomas, they’re acellular formations (purely collagen) around silica particles

c. Types

i. Silico-proteinosis (Acute) 

1. due to massive acute exposure (ex: sand-blasters)
2. progressive, fatal, only have supportive therapy
3. due to massive outpouring of protein into alveoli, aka histology called Pulmonary Alveolar Proteinosis (PAP)

a. alveoli filled with eosinophilic looking material (diff Dx pulmon edema)
ii. Simple (Chronic)
1. <1 cm hyalinized/collagenized silcotic nodules, “egg-shell” calcification around hilar lymph nodes

2. upper lung (vs. asbestos in lower lungs)
3. subclinical or minimial SMx, less likely to have progressive disease
iii. Complicated

1. >1 cm (simple nodes coalesce) ongoing inflammation, progressive
2. present clinically, have poor pulmonary function tests
a. restrictive (more common) – due to loss of lung tissue, smaller lung gas exchange (low DLCO, TLC)

b. obstructive – upper lungs fibrose putting tension on lower airways (traction bronchiectasis)

iv. Caplan’s Syndrome

1. co-morbidity of any occupational lung disease with rheumatoid arthritis
2. may have nodules <1cm but not necessarily indicative of progression (i.e. still can be classified as simple)
v. Progressive Massive Fibrosis (more common in black lung)
1. massive nodule coalesce (entire upper lobe can be coalesced) -> restrictive & obstructive, can involve large vessels, fatal

2. can occur even after exposure have been discontinued

vi. Silicotuberculosis

1. a co-morbid infection with TB

2. important in silica Pts to monitor TB infection

3. silica damages macrophages -> inc change of activation of latent infection

4. TB, like silicosis damages upper lungs -> may be difficult to detect, so get PPD (10mm treat)
d. Physiologic Features

57. Asbestosis

a. Types of occupations where asbestos exposure is a problem

i. Mainly insulation/fire retardant (navy ships, brakes, construction), demolition, boilers, plumbing
ii. Presence of fibers is not necessarily indicative of disease, just of exposure

b. Clinical Features

i. Due to fibrotic changes secondary to inhalation & imflammatory lung reaction
ii. Pleural disease common, pleaural plaques (dense collagen) sometimes w/calcification, pleural effusion often on diaphragm surface

c. Pathology

i. Lower lung and lateral zones affected (similar to IPF, but opposite of  silica and TB, sarcoid is in lymph nodes/systemic)

ii. Pleural plaques tend to be diaphragm surface or lateral chest wall, often calcified, do not lead to mesothelioma
iii. Linear (not nodular) infiltrates “ferruginous body” due to iron deposits from macrophages (Prus Blue)
iv. eventually will cause “end-stage lung” honeycomb lung – massive cystic destruction

d. Physiologic Features

i. Restrictive process w/dry cough, crackles, dyspnea, hypoxia -> clubbing, eventually respiratory failure

e. Associated Cancers

i. Lung cancers
1. especially common in chronic smokers w/asbestos exposure (asbestos is synergistic w/tobacco)

ii. Pleural cancers
1. Malignant mesothelioma (carcinogenic)
a. 30yr latency, pleural tumor (not lung per se), invasive, strangles lung, and destroying it, not related to smoking history (tobacco goes to lungs not to pleura)  looks like lung with big white mass around it
2. Benign mesothelioma (i.e. pleural plaques), but dont develop into malignant mesothelioma

58. How do occupational lung diseases relate to TB?

a. Watch out with silicosis

59. How do occupational lung diseases relate to cancer?

a. Watch out with asbestos

60. Understand coal workers’ pneumonconiosis

a. Black lung (heavily pigmented) is due to accumulation of coal dust & tissue’s reaction to its presence

b. Mostly seen in deep mines with workers directly exposed with greatest amount of exposure

c. Spectrum/Variety of forms, like in silica: (Macules, palpable nodules simple/complicated, Caplan’s, progressive interstitial fibrosis)

61. Recognize the presentations of hypersensitivity pneumonitis

a. Some kind of organic material, usually moldy (organic dusts – something that grows/falls off an animal)
b. Important to relate temporal exposure with disease

c. Pathology often includes loosely organized granulomas, often Type 3 and Type 4

d. Farmer’s Lung

i. Acutely after exposure to moldy organic dusts (actinomyces): fever w/chills, dyspnea, crackles throughout

ii. Will resolve, but additional exposure will lead to more severe attacks

iii. No Tx except to prevent additional exposure or progressive fibrosis will occur
62. Occupational Asthma
a. Common occupations (plastics, urethane, hair care)

b. looks just like regular asthma, due to reaction to something in workplace (type 1 hypersensitivity)
c. Responds to Tx but will lead to COPD eventually

63. Toxic Lung Injury

a. Usu work related accidental exposures

b. soluble agents affect upper more than lower airways – they smell bad and you flee
c. poorly soluble agents can make it down into airways – you don’t notice them and get into the lungs
d. Silo Filler’s Disease (poorly soluble)
i. Nitrogen oxides (a brown gas) from fresh cut hay

ii. can manifest as diffuse alveolar damage/ARDS

iii. Tx supportive w/oxygen

Introduction to Sleep & Sleep Medicine

64. Understand normal sleep

a. General

i. Crucial homeostatic process, restorative but active process, sleep need accumulates only can be resolved by sleeping

ii. Circadian influences – propensity for sleep is highest 12am-6am, then 3pm
iii. Intrinsic influences: depression, dementia
iv. Good sleep hygiene improves sleep: consistent bed/wake time, slowdown before bedtime, dark, cool, quiet, daily exercise, snack

v. Bad sleep hygine: don’t nap, don’t force yourself to sleep, taking problems to bed, strenuous exercise before, caffeine, tobac/etoh, minimize emotional stress, no TV in bed
b. Sleep stages

i. NREM
1. 3 stages, majority of sleep, homeostatic

2. decreased metabolic rate and bradycardia due to parasympathetic predominance

3. decreased minute ventilation and reduced Tvolume but no change in breath frequency -> hypercapnia

4. Stage 1: classroom sleep, waves are high freq/low amplitude

5. Stage 2: lose environ consciousness (Sleep spindles & K complex)
6. Stage 3: delta sleep, high amplitude low freq waves
7. Relation to ventilation: lower tidal volume (weakened muscles), loss of wakefulness drive to breathe – dependent on chemo/mechanoreceptors

ii. REM

1. similar to EEG of awake state – high frequency, low amplitude
2. dreaming, REMvmts, muscle atonia (except diaphragm, eye musc), instable cardiopulmonary, lose thermoregulation - poikilotherm, erections

3. Relation to ventilation: REM diaphragm not paralyzed, not well studied
c. Sleep architecture

i. Cyclically enter REM, progressively longer REM sleeps as night continues
ii. Changes with age: best at infants/youth where sleep is longer and refreshed during day, phase delay during adolescence (later)
iii. Elderly –  fragmented, less efficient sleep, longer latency, more time in earlier stages, less REM
65. Be aware of how sleep disorders are Dx and classified

a. Sleep disorders are underdiagnosed

i. Ask: how many hrs you sleep? Do you have trouble sleeping? Sleepy during the day? Problems with snoring?

ii. Ask about sleep hygiene

b. Insomnia

i. Definition

1. persistent difficulty in initiating or maintaining sleep – can be a primary (no assoc med condition) or secondary to another underlying pathology

ii. Causes
1. mostly due to inadequate sleep hygiene

2. many possible medical causes

iii. Epidemiology

1. more in women

iv. Types

1. Short-term / Acute – several weeks

2. Chronic – months to years
3. Transient Insomnia, aka “Adjustment Insomnia”

a. a few days you cant sleep well because of a life stress

4. Etiology of Primary Insomnias

a. Psychophysiological Insomnia 

i. Most common primary insomnia

ii. Somatized tension, learned sleep-preventing associations

iii. Sleepy until bedtime routine, racing thoughts in bed, tries forcing sleep, worrys about insomia, sleep better on couch or away from home

b. Hyperarousal theory
i. generalized hyperarousal throughout day, like on caffeine all day, psychologically stressed, cognitively worrying about insomnia
c. Behavioral Insomnia of Childhood

i. Sleep Onset Association – adjustment problem, need mommy/daddy, introduce a teddy bear
ii. Limit Setting Type – parents don’t set limits, can stay awake
v. Pathophysiology

1. excessive mvmts during, snoring, early wake up, poor latency, cant get back to bed, wake up during night, daytime sleepy

2. must have daytime complaints – fatigue during day, problems concentrating

c. Excessive Daytime Sleepiness (Hypersomnias)
i. Definition – you fall asleep when you’re not supposed to (like in the classroom, during driving)

ii. Epidemiology

1. 35% report being sleepy a few months/day, sleepy during mid-afternoon is normal

iii. Etiology

1. Sleep-related breathing disorders (obstructive sleep apnea), chronic insufficient behaviorally-induced sleep (med student)

2. chronic insufficient sleep aka Behaviorally Induced – you’re not getting enough sleep at nighttime

3. Narcolepsy – due to orexin dysregulation

4. limb mvmt disorder (restless leg syndrome), REM behavioral disorder, bruxism

5. Circadian sleep phase disorder

6. Drug effect

iv. Measuring hypersomnia
1. physiologic sleep tendency

a. intrinsic sleep tendency, measured by sleep latency under the best sleeping conditions
b. test used is called Multiple Sleep Latency Test, normal is >15 min(measure time to sleep in dark room in bed)

c. determined by Pt’s sleep quantity/quality/circadian rhythm

d. reduction of stimuli unmasks (not causes) physiologic sleep tendency

2. manifest sleep tendency – dependent on external environ (light, noise, hunger, etc) – can u sleep sleep in a light room?
a. Epworth Scale is quantification of subjective questionnaire looking at effects of various stimuli

d. Circadian Sleep Phase Disorders

i. Sleep Phase Delay – go to bed late, wake up late, not a problem until need to conform to societal norms and cant
ii. Sleep Phase Advance – go to bed early, wake up early, common in aging
iii. Shift work disorder – midnight shift workers, don’t sleep enough during daytime

e. Parasomnias

i. Arousal Disorders – during NREM sleep: sleep walking, sleep terrors

ii. REM Disorders – nightmares, REM behavior disorder (lose paralysis)

iii. Movement Disorders

1. Restless Leg Syndrome, Bruxism (teeth grinding)

66. Sleep Breathing Disorders (Sleep Apnea)
a. Definition: 5 or more apnea events + daytime sleepiness

b. Types: Central (CNS mediated) or Obstructive

c. Obstructive

i. Pathophysiology (How does upper airway narrowing predispose to snoring or obstructive sleep apnea?)
1. Upper airway is vulnerable because it is soft tissue not supported by bone, surrounding pressure effects aperture

2. Reduced aperture is a physiologic consequence of sleeping
a. Reduced activity of dilator muscles, loss of load compensation 
3. Decreased breathing

a. reduced tidal volume, loss of wakefulness drive to breathe only stimulus chemo/mechano receptors

b. result: physiologic hypercapnia, O2 is preserved
4. Closure -> Inc turbulence -> fluttering “snoring”; extreme narrowing -> more closure -> obstructive sleep apnea
d. Central

i. Definition: no airflow for over 10seconds w/o respiratory effort (vs. obstructive where you see effort)

ii. Etiology: Periods of post-hypercapnic hypocapnia is thought to induce central apnea
iii. Pathophysiology: Ventilation during sleep is dependent on CO2, Unmasking of apneic threshold during hypocapnic episode leads to reduced tidal volume, O2 usually preserved
iv. Can occur following periods of hyperventilation (maybe pain, CHF, secretions, following hyperventilory response to obstruction)
v. Occur mainly during lighter sleep stages

e. Mixed

i. Look at polysomnogram for cessation of air flow both w/ and w/o inspiratory effort

f. Pathogenesis
i. Obstructive
1.  predispositions include anatomic dimension (micrognathia, big tonsils), compliance, tone, transmural pressure 
2. A major cause is obesity

g. Consequences

i. Driving accidents, Non-refreshing sleep, morning headache, personality changes, daytime sleepiness, problems with concentration
ii. cardiovascular problems - systemic hypertension, arrhythmia
iii. chronic hypoxia -> pulmonary hypertension, cor pulmonale but is not caused by sleep apnea alone
Thromboembolic Disease
67. Describe risk factors venous thrombo-embolic disease

a. Veshods triad:  vessel injury, hemostasis, hypercoag state

b. Due to iatrogenic complications: immobility, surgery; prior DVT, pregnanc, obesity, hypertension, tobacco, trauma
68. Describe epidemiology of venous thrombo-embolic disease
a. DVT is common, many recurrances, higher mortality than breast cancer/AIDS, #1 death during childbirth, common cause of death
69. Effects of pulmonary embolism on hemodynamics
a. Pulmonary infarction is uncommon due to collateral blood supply, only see peripheral infarcts

b. PE causes reduction in area of pulmonary bed, >50% you see pulmonary hypertension, RV cannot tolerate occlusions >75% of vascular bed -> RV failure -> shock/possible death

i. If you occlude the pulmonary circulation the RV cannot pump against a high resistance, max ~50mmHg (>> implies megaly)
c. Px depends on size of embolism: large may be fatal, small may organize/recanalize

70. Effects of pulmonary embolism on gas exchange 

a. increased dead space
i. inc A-a difference, hyperventilation (-> hypocapnia)

b. hypoxemia 
i. may be mild (sufficient alveolar V/Q exchange)

ii. not usually due to PE but mostly due to vasoconstriction

iii. but may result after forced opening of foramen ovale

71. Natural history of venous thrombo-embolic disease

a. Develop clot in deep vein of lower legs (DVT) -> dislodge, travel to IVC -> RA -> pulmonary artery -> Pul embolism
b. PE is due to DVT, it is not a separate disease; Tx of DVT will prevent PE
72. Outline a physiologically based approach to Dx and management

a. Dx is difficult as clinical Signs, SMx, exams (Xray of PE), and levels of hypoxia are not Dx or mild
b. Clinical classic triad dyspnea, pluritic chest pain, hemoptysis is uncommon

c. Gold Standard: pulmonary angiography but Spiral CT is becoming more popular (not invasive, better resolution)
d. If you suspect PE, D-dimer should be first test (measures fibrin degregation), very sensitive so if neg then rule out PE
e. Ventilation-perfusion lung scanning – looking for dead space as indicator of PE
f. Look for leg clots, treat with anticoagulation therapy
g. Goal: tailor prevention based upon risk factor stratification of patients -> can be very effective prophylaxis
i. Main therapy (heparin -> warfarin) Anticoagulative therapy prevents formation of NEW clots (doesn’t dissolve old)
ii. fibrinolytics in acute PEs (if Pt is going to die)
iii. can use an umbrella-like filter in vena cava
Pulmonary Vascular Disease

73. Understand relationship between flow, pressure, resistance
a. Pulmonary circ is low pressure, low resistance, high compliance system (can expand well under inc demand)
b. Pulmonary circ total pressure is a gradient between pulmonary artery pressure and left atrium pressure, flow is cardiac output

c. Pulmonary vascular resistance = pressure/flow = ( difference in pressure of pul art – left atrium )/cardiac output

74. Pulmonary Hypertension

a. Defined as mean pulmonary artery pressure >25mmHg (>30 w/exercise)

b. do not use pressure to classify severity of pulmonary hypertension, 
i. aggregate classification – cardiac cathereterization, echocardiography, exercise capacity, functional ability

ii. functional classification – type 4 u cant do anything without SMx
c. Disease Categories resulting in pulmonary hypertension (know well)
i. Pulmonary venous hypertension - Heart disease (often CHF) -> weakened left ventricle backs up blood into pulmonary vasculature

1. most common cause of pulmonary hypertension, technically a “secondary” cause (heart disease is the primary disease)
ii. Pulmonary arterial hypertension – non-cardiac cause -> hypoxia -> vasoconstriction -> hypertension in the lungs
1. seen mainly in pre-menopausal women 

2. this is Primary Pulmonary Hypertension – occurs in the context of a normal heart perfusing normal lung parenchyma

a. i.e. random things like portal hypertension, HIV, collagen vascular diseases, drugs

iii. Lung disease (COPD/IPF) or chest wall disease -> hypoxia -> constriction of lung vasculature -> pul hypertension
iv. Thrombo-embolic disease – embolism -> obstruction -> hypoxia -> vasoconstriction -> pulmonary hypertension
d. cor pulmonale – right ventricular heart failure due to a problem in pulmonary circulation, i.e. chronic lung disease 

i. potential pathogenesis: left hrt problem damages the lung resulting in right heart problem

ii. signs involving heart:  accentuated P2, right sided S3 gallop, RV heave, RV hypertrophy
iii. signs of systemic hypertension: prominent jugular pulse, ascities, pleural effusion, systemic edemas

iv. right vs. left heart failure:  right heart failure lacks orthopnia and paraoxysmal nocturnal dyspnea

75. Understand the physiologic determinants of pulmonary vascular resistance: hypoxic vasoconstriction

a. Hypoxia (PAlvolarO2 <60mmHg) is most powerful and most common stimulus for pulmonary vasoconstriction

b. How does hypoxia lead to vasoconstriction?

i. Endothelial cell disruption and Smooth Muscle membrane changes
ii. Mitral stenosis due to back-pressure

c. vasoconstriction -> increased pulmonary vascular resistance -> pulmonary hypertension
d. Smooth muscle and endothelial cell are targets for Tx

e. Most common cause of hypoxic vasoconstriction is COPD
76. Understand the pathologic changes seen in primary pulmonary hypertension

a. EndoCell dysfunctions, reflected by a “plexiform lesion”, aka angiomatoid body – irregular shaped EC outgrowths from pulmonary arteriole
b. Upstream – increased pressure, downstream from plexiform lesion is hypoxemia

Pleural Diseases

77. Pleura

a. Normally is clear with low protein content, normally a balance of hydrostatic/oncotic pressures
78. Differentiate types of pleural effusions
a. Exudative

i. (Covered below)Due to local factors that influence formation/abs of pleural fluid are altered

ii. Due to increased permeability of microvascular circulation (local inflammatory medators), rupture of thoracic duct, iatrogenic

iii. Light criteria: exudate if any of following

1. pleural protein:toal serum protein  >0.5
2. pleural LDH:total serum LDH > 0.6 (2/3 if upper limit of normal LDH is used)
3. quick:   pleural protein >2.9g/dL (w/o 1`phlemb) or pleural LDH >100
4. pleural LDH > 45% serum (w/o phlembotomy)

5. pleural cholesterol >45 mg/dL (w/o phlemb)

iv. exudative pleural effusions should be biopsied, gram stained/cultured, look at cell counts
b. Transudative

i. Due to systemic factors influencing absorption or formation of pleural fluid (these are secondary to another disease)
1. inc hydrostatic pressure (CHF cause pulmonary hypertension -> leakage from visceral pleura), 
2. dec in oncotic pressure (nephritic syndrome); can cause hypercoagulable state -> PE
a. note: right side heart failure -> hepatic disease -> loss of blood proteins -> dec in oncotic pressure

3. a more negative pressure in pleural space (lung collapse)
4. impaired lymphatic drainage

ii. important note: if, after diuresis, blood-pleural albumin difference >1.2 then it is transudate effusion

c. Effusions have common clinical signs: percussive dullness, absence of fremitis/lung sounds

79. Differentiate types of exudative effusions based on cell or chemistry characteristics

a. Parapneumonic
i. associated with pneumonia, important to Tx to prevent fibrosis of pleural space

ii. acute process -> Neutrophils >50%
iii. pH <7.2 or LDH >500
iv. perform thoracentesis if effusion >1cm on lateral decubitus film

v. typical: normal glucose, negative gram stain/culture vs. empyema effusion must be intubated so abscess can be drained
b. Malignant

i. Best for identifying adenocarcinoma (peripheral lung may shed cells into pleura)

ii. Lymphocytes >50%, chronic process

iii. Hct can be 20%

iv. If pH <7.2 or LDH >500 implies poor Px (malignancy look for LDH)
c. Tuberculosis

i. Due to tuberculosis infection

ii. Lymphocytes >50%, a chronic lymphocytosis
iii. If no Tx, effusion itself will resolve but pulmonary/extrapulmonary TB will likely occur, treat Tx and effusion will dissipate
d. Pulmonary Embolism can cause local exudate 
e. pH levels <7.0 or very low glucose indicate complicated effusion that req chest tube, thrombolytics 
80. Discuss Pneumothorax

a. Etiology

i. Pleural space is negative pressure, so open communication will lead to air influx

ii. Iatrogenic – most common form, due to puncture during central line placement

iii. Traumatic – injury to chest

iv. Primary spontaneous pneumothorax – tall, young age, tobacco use Tx w/needle aspiration, recurrent
v. Secondary spontaneous pneumothorax – various causes, especially COPD, AIDS pneumonia
vi. Tension pneumothorax – intrapleural pressure exceeds atmospheric pressure leading to progressive contraction of lung volume

1. clinical picture: Pt w/dropping blood pressure, can barely breathe, loss of chest sounds on one side

2. medical emergency, place large bore needle directly into pleaural space

b. Dx

i. Use X-ray, except if tension pneumothorax is suspected

81. Notes

a. Hemothorax when pleural HCT is at least half the level of blood Hct

b. Chylothorax is white milky effusion with lots of triglycerides due to penetration of lymphatic duct
c. Dx algorhthm

i. Effusions are expected in patients in heart failure, may only need thoracentesis, see if its hrt failure
Anticoagulation Drugs

82. Unfractionated Heparin (UFH)

a. MOA: activates endogenous anti-coagulant antithrombin III to inhibit thrombin and factor X, intrinsic side of pathway
b. Don’t dissolve pre-formed clots, but prevent formation of new clots
c. S/E: heparin-induced thrombocytopenia (HIT)
i. HIT: platelet destruction -> decreased platelets (>50% loss), pro-coagulant condition w/dramatically inc risk of DVT

ii. Immunologically mediated, variable onset, but early onset of thrombocytopenia may just be due to recent exposure to heparin

d. Dosing & Duration Recommendations

i. T1/2 = 60 minutes

ii. Neutralized completely by protamine -> can reverse S/E if needed

e. Patient & Lab Monitoring

i. Reaction well with thrombin, use PTT to measure activity

ii. HIT usually occurs ~day 4, manage by discontinuation of all heparin products, use direct thrombin inhibitor

iii. Hepatically metabolized

83. Low Molecular Weight Heparin (LMWH)

a. Ex: enoxaparin, dalteparin, tinzaparin

b. MOA: activates endogenous anti-coagulant antithrombin III, short chain specific for inhibiting factor X (like Fondaparinux) (not thrombin)
c. S/E: bleeding (due to risk factors), lower chance of heparin-induced thrombocytopenia (HIT)

i. HIT is a smaller problem

d. Dosing & Duration Recommendations

i. Much better subcutaneous bioavailability than unfractionated heparin -> outPt used, bridge therapy
ii. T1/2 = 4 hours (4x longer than UFH), cant be neutralized by protamine
e. Patient & Lab Monitoring

i. Does not react with thrombin, thus cant use PTT to measure, don’t usually need to monitor but major exception is in kidney pts
ii. Renal elimination – contraindicated in kidney Pts

f. Clinical Indications For Use

i. During pregnancy (heparins don’t cross)
84. Vitamin K Antagonist (warfarin/Coumidin)
a. MOA: inhibits synthesis of (liver synth) Vit K dependent factors II, VII, IX, X and endog anticoagulants Protein C, S; i.e. extrinsic pathway
b. S/E:  skin necrosis in Pts w/protein C deficiency
c. DDIs

i. Vit K containing foods (vegetables) decrease effect of warfarin

ii. Soy protein binds to warfarin and prevents gut absorption
iii. Sulfamethoxazole-trimethoprim causes rapid and marked increase in INR (excessively anticoagulant)
d. Dosing & Duration Recommendations

i. Warfarin has long (1.5day) T1/2 -> thus must wait several days before taking INR: true steady state 2wks, can lower 2nd week dose, so start Pt on heparin first
ii. Factor VII, Protein C have very short T1/2 relative to others -> others with large T1/2 remain in system initially and will still be active even though INR will measure a therapeutic benefit (just measures VII)
iii. Dosing is difficult, best indicator is age, see how they do after a few days
iv. Can be used for bridge therapy, allows warfarin effects to diminish while another anticoagulant is temporarily used

v. Immediate reversal is only by fresh frozen plasma (replaces clotting factors), also concurrently give oral VitK
e. Patient & Lab Monitoring

i. Prothrombin Time (PT) no longer used, replaced by standarized International Normalized Ratio (INR)
ii. Certain diseases inc warfarin effects:  liver dysfunction, hyperthyroidism (inc activity), heart failure, protracted diarrhea
iii. Certain diseases decrease warfarin effect: hypothyroidism, short gut (low absorption)

85. Indirect Factor X Inhibitors

a. Drug: fondaparinux
b. MOA: indirectly inhibits factor Xa activity (similar to heparin)
c. Patient & Lab Monitoring

i. Renal elimination, contraindicated in kidney patients

d. Clinical Indications For Use

i. Anything related to DVT, major surgeries (hip/knee fractures) (which can result in DVT), can use in HIT
86. Direct Thrombin Inhibitors

a. Drugs: lepirudin, bivalirudin, argatroban
b. MOA:  bind directly to thrombin and inhibit its action
c. Patient & Lab Monitoring

i. PTT can be used (affects thrombin)
ii. Renal elimination (not argatroban)
d. Clinical Indications For Use

i. Use for Pts who develop HIT
87. Fibrinolytics (not on exam)
a. Drugs: strepto/urokinase, alteplase, reteplase, tenecteplase

b. MOA: lyse thrombi by catalyzing plasminogen to plasmin conversion
c. Clinical Indications For Use

i. Alteplase can be used for pulmonary embolism especially with systemic hypotension
d. Note: don’t use any of  these drugs for ischemic stroke

88. Clinical Duration – DVT with a non-massive PE then warfarin should be used for 3 months

Principles of Aging: Pulmonary Unit
89. Pulmonary Physiologic Changes of Aging
a. Pulmonary mechanics:  Decline in respiratory muscle strength, dec compliance (chest wall stiffening, loss of elastic recoil)

b. Lung volumes

i. TLC stays constant but RV (closing volume) increase
ii. Mechanism:  loss of elastic recoil -> cant keep small airways open
c. Lung Flow Rates:  Decrease in FVC and FEV1 especially during mid-expiration
d. Gas Exchange: Inc V/Q mismatch (due to inc V in lung apex), dec DLCO (less surface area) -> dec PaO2 (3mm/decade)
e. Decline in pulmonary defense mechanisms (cough force, mucociliary clearance, humoral/cellular immunity)
90. Interaction of Aging & Disease
a. Increased vulnerability to disease

i. Decreased pulmonary reserve, burden of disease may accentuate morbidity in elderly, lifetime of environmental exposure to toxins
b. Altered/non-specific presentation may delay Dx

c. Consequences of normal aging may mimic pathology

91. Preventitive Geriatrics
a. Should vaccinate – pneumoccal & influenza

b. Counseling – smoking (dec at any age improves life expectancy), exercise
Respiratory Failure
92. Notes

a. most common problem causing hypoxia is V/Q mismatch (esp a low V/Q), diffusion defects not as significant

b. other causes: Low environmental oxygen, severe hypoventilation (PCO2 going up), shunting

c. High CO2 can displace O2 in alveolus:  calc Aa gradient PaCO2=80,PaO2=40  (ans = 10), use to differentiate causes of low O2, can use this to differentiate airway

d. Can also look for shunt (V/Q = 0) or dead space (V/Q = infinity)

93. Hypercapneic respiratory failure

a. Definition: pt is inadequately ventilating -> low PaO2, HIGH PaCO2
b. Pathophysiology

i. CNS problem – signal commanding respiration depressed or fail, prob either w/tidal volume or resp.rate, 
ii. Chest problem – deformity changes ventilatory ability, (scoliosis, kyphosis), neural innervation, neuromuscular diseases
iii. Airway problem – upper airway obstruction (tumor, inflammation), more common lower obstruction (obstructive lung diseases)
1. COPD: chronic bronchitis type usu have high carpnia

2. Asthma: high PaCO2 is ominous because normal response to hypercapnia is resp stimulation which is absent in late stage
94. Hypoxemic Respiratory Failure

a. largely due to lung or cardiac disease
b. Pt is breathing but not getting enough oxygen, basically everything that causes a problem with perfusion`
c. Pathophysiology

i. Intrinsic Lung Problem (most common)
1. V/Q mismatch (like alveolar destruction) is the answer
2. DLCO 
ii. Various Lung Pathologies

1. Infectious processes

2. Pulmonary edema can cause hypoxia -> hypoxic vasoconstriction

iii. Cardiac Failure
1. Left sided and right sided affect perfusion rates

2. large pulmonary embolism also can affect perfusion
3. shunt cannot be corrected by increased O2

95. Cardiogenic vs. Non-Cardiogenic Pulmonary Edema
a. Cardiogenic

i. left heart failure (MI, cardiomypathy, valvular disease) -> increased hydrostatic pressure -> pulmonary hypertension (can be measured by high pulmonary art. Pressure) -> pul edema
ii. Treatment aimed at cardiac function (like beta1 agonists)

b. Non-cardiogenic

i. ARDS – the most important cause of increased-permeability pulmonary edema

1. Acute widespread injury to endo/epithelium of lung -> inc permeability -> edema

ii. dec in vascular oncotic pressure (liver failure, nephritic syndrome) -> edema

96. Acute Respiratory Distress Syndrome (Diffuse Alveolar Damage)
a. Etiology

i. Infections w/sepsis and shock, pneumonia, aspiration, toxic inhalation, embolism, drugs, panc problems

ii. ARDS, by definition, results from non-cardiac causes

b. Pathology
i. cause -> inflam response -> damage of alveolar capillary membrane -> widespread pulmonary infiltrates -> pulmonary edema

ii. hyaline membranes are common result -> dec compliance, restrictive SMx and reduced DLCO -> hypoxmia

iii. alveolar epithelial disruption -> alveolar infiltrate seen as  bilateral chest infiltrate on X-ray, sparing apicies and costophrenic angles
iv. others: other systemic manifestations are usually apparent -> Px indicator
v. low pulmonary capillary wedge pressure often seen
vi. can lead to BOOP – bronchiolotis obliterans

c. Treatment: supportive with oxygen (mechanical ventilation only if necessary, SaO2<90%) and others, treat underlying cause if possible

97. Mechanic Ventilation

a. Basic Principles

i. Goals: dec work of breathing, improve oxygenation (recruit alveoli, improve V/Q), prevent complications
ii. Indications: hypoxia (like in ARDS), hypercapnia, acidosis, poor resp muscle strength, RRate >40/min, signs of fatigue

iii. Now positive pressure ventilators are used to induce inspiration
1. Volume cycled
a. More common, set volume to be delivered, set limit to pressure

b. Controlled mechanical ventilation – used in comatose/anesthesia, you set everything (rate/vol/FIO2)

c. Assist controlled – machine is triggered by patient’s voluntary efforts

2. Pressure cycled

a. Used in extreme cases, vol delivered until pressure limit is reached, focuses on O2 not CO2

iv. Positive End Expiratory Pressure (PEEP)
1. keeps some pressure in lungs after expiration to maintain patency of alveoli -> improves oxygenation
v. Ventilator can be used to measure resistance & compliance (not on exam)
1. resistance =  (Peak-plateau pressure / ventilator flow rate) = pressure / flow;  high resist see big numerator
2. compliance= (exhaled volume / plateau pressure) = volume / pressure; high compliance see high? plateau pressure?
3. a right shift implies lower compliance (stiffer), left shift (floppier)

b. Complications

i. Mech ventilation is invasive, only used if necessary, wean ASAP
ii. Barotrauma – rupture of alvoli, can cause leakage of air (pneumomediastium/thorax, subcutaneous emphezema)
iii. Cardiovascular – pos pressure can impede venous return to the heart -> dec preload, dec CO, hypotensions
iv. Dynamic Hyperinflation – “auto-PEEP” can occur in obstructive lung disease pts, have insufficient time for expiration, can lead to cardiovascular complications, Tx: relieve the pressure then set a lower respiratory rate
v. Ventilator Associated Pneumonia – loss of defense mechanisms, difficult to Dx, prevent by bed angle 45deg,wash hands be careful, use ABx judiciously, avoid aspiration of gastric contents by close monitoring
Lung Cancer
98. Benign Tumors of the Lung

a. Most lung tumors are malignant (carcinomas) but some are benign

b. Benign pleura neoplasm

c. Hamartoma – cartilage, smooth muscle, non-regulated neoplastic process
99. Major epidemiological risk factors for lung cancer
a. Smoking (carcinogens, not nicotine itself), radon, second hand smoke, asbestos (alone and is synergistic with tobacco), older age
b. Female incidence is increasing, lack of advice from doctor
100. Common Types of Lung Cancer (carcinomas)
a. Small Cell (oat cell)
i. Location: central (along bronchi)
ii. growth rate: fastest

iii. growth pattern is hallmark: metastatic spread is very common -> not a surgical candidate
iv. Metastasis often through lymphangitic spread via hilar lymph node (diff Dx w/sarcoid)
v. Pathology

1. hallmarks: extremely high N/C ratio and proliferative rate (with associated necrosis), grows as sheets of cells, looks like lymphocytes everywhere
vi. arise from neuroendocrine Kulchitsky cells, thus highly associated with endocrinopathies (ADH, ACTH)
b. Non-small cell

i. Squamous cell

1. the lung cancer most highly associated with smoking

2. location: central (endobronchial,i.e. in airways -> helps with sputum Dx)

3. growth rate: medium, grows very large locally and cavitates but rarely metastases (small cell is opposite)
4. normal bronchus pseudostrat epithel -> squamous metaplasia -> dysplasia -> carcinoma in-situ -> invasive carcinoma

a. pathology:  intercellular bridges (desmosomes), keratinization is variable depending on differentiation (tonofilaments), HUGE nuclei and hyperchromatic, look for rings of keratin around tumors
5. endobronchial obstruction may cause post-obstructive pneumonia (commonly lipoid),a presenting clinical manifestation
6. associated with hypercalcemia (due to PTH secretion)

ii. Adenocarcinoma
1. especially in women, assoc w/smoking but less strongly so

2. location: peripheral (i.e. not in main bronchus branching area, aka. distal from carina)
3. growth rate: slow, response to therapy is poor so surgery is only option

4. normal alveoli epithelium -> atypical adenomatous hyperplasia (AAH) -> BAC (in-situ )-> adenocarinomoa (invasive)
5. can invade pleura (may present as Pancoast)

6. pathology

a. some glandular tumors secrete mucus -> look for little green droplets of mucin
b. AAH: some alveolar infiltrate, thickened septae

c. Bronchial Alveolar Carcinoma (BAC): 
i. looks like pneumonia
ii. neoplastic cells crawl along alveoli w/o invasion (carci in situ)
iii. pathology:  malignant columnar cells growing along and replacing epithelium of alveolar septa
iv. low-grade cancer of neuroendocrine origin 
v. found in elderly, smaller association with smoking
d. Adenocarcinoma: stromal invasion, loss of lace-like structure anymore, glandular differentiation
i. intraceulluar lumens filled with mucin, or shared interceullular lumen

iii. Large cell

1. very undifferentiated cells (high grade) and metastasizes early

2. presents as large mass w/cavitation (like squamous), necrosis/hemorrhage common, very poor Px

3. pathology

a. large size, highly undifferentiated cell type

4. Giant cell is a variant, looks like sarcoidosis (multiple nuclei), bizarre appearance with multiple giant cells
iv. Carcinoid Tumors (Bronchial “Adenomas”)
1. form bronchial adenomas – locally aggressive but rarely metastasize

2. location: central (large airways)

3. growth pattern: endobronchially like squamous cell carcinoma
4. often occur young Pts, can cure w/surgery because its only locally invasive
5. lineage: neuroendocrine (Kulchitsky cell) differentiation (basically a low grade version of small cell carcinoma)

6. Pathology: nested growth pattern with rich capillary network, dispursed (salt/pepper) chromatin, looks like small cell
7. can present as post-obstructive pneumonia

v. Malignant Mesothelioma

1. location: periphery, highly associated with asbestos exposure; look for this in Pt history

2. long latent period (decades) due to short prolif -> window for early detection
3. involves pleura encasing the lung (strangled), poor Px

101. Relate pathologic types of cancer to their common clinical presentations

a. Clinical presentation – usually a long preclinical phase, i.e. late Dx -> lung cancers have poor Pxs
b. Signs – cough, sputum change, hemoptysis, chest pain, dyspnea, dysphagia, cachexia (poor Px indicator)

c. Pancoast tumors – due to tumor presence at lung apex: SMx due to impingement on superior cervical SS ganglion eliciting Horners Syndrome, also the brachial plexus can be involved
d. Paraneoplastic Syndromes

i. Endocrinopathies

1. usually from small cell cancers (neuroendocrine derived) 
a. includes ADH (hyponatremia), ACTH (cushings), MSH (pigmentation)
2. small cell cancer, BAC, and carcinoid tumors are all neuroendocrinally derived

3. PTH (calcium changes) seen with squamous cell

ii. Neuromuscular syndromes, dermatologic, clubbing
e. Dx – always try sputum first

102. How is therapy guided by anatomic & functional considerations?

a. Histology (cell type):  Small cell – cant use surgery (try chemo), non-small cell – use surgery

b. Physiologic Status: must consider Pt’s overall health/function (can they survive a surgery?)

c. Stage of disease: if cancer has metastasized surgery is no longer an option
d. Notes: Surgery is best curative option now available, radiation is not curative, chemo sometimes used, palliative Txs, supportive care

103. Px of lung cancers

a. Lung cancers aren’t most common cancers but poor Px due to late Dx and poor Tx, now focus is on targeted screening (low FEV1 Pts)
b. Staging of lung cancers

i. T4 involves tumors invading heart/mediastium can be assoc with malignant effusion

ii. N3 implies contralateral, scalene or supraclavicular nodes, nodes on opposite chest
c. Px is related to staging

i. As tumors increase in size or malignancy, more distal nodes are affected, higher chance of metastasis, higher the stage
ii. Stages I-IIIa can be approached surgically

iii. Stages IIIb and IV are inoperable
d. Stage IV cancers <2yr life expectancy

e. At Dx only 30% of patients are considered surgically resectable

f. With surgery, overall 5 year survival is only 30%

g. Overall survival, all therapies = 13%
Tobacco Cessation

104. Determine a pt’s readiness to quit and provide appropriate smoking cessation counseling for that stage

a. Doctor’s job is to tell Pt to stop smoking, Pt anticipates being told this, if not told they might think smoking is OK

b. What to do when?

i. Stage 1 precontemplation (not ready)
1. if they’re not ready, don’t force them, don’t waste time during that interview, just introduce the topic
2. advise them, provide info, what would u need in this envelop to quit?, empathy, leave decision to the patient (don’t force)

ii. Stage 2 contemplative (ready to quit)

1. praise the Pt’s readiness, assess tobacco use history including past quit attempts, reasons for wanting to quit, their triggers

2. discuss methods for quitting incl pharmacotherapy, set a quit date, tobacco use log, coping stratgies, act as their council to assist, advice about difference between slip/relapse
iii. Stage 3 action (recent quitter)

1. goal is to remain tobacco free for at least 6 mos, recognize W/D may occur, relapse may occur, congratulate

iv. Stage 4 maintenance (quit 6mo ago)

1. remain vulnerable to replase, must help prevent it

105. Smoking cessation therapies
a. General – overall effectiveness in causing quitting is low (<25%), combination is not FDA appropved
b. Nonpharmacologic
i. cold turkey (no S/E if it works), unassisted tapering (fading), assisted tapering (quitkey)
ii. Educate a pt regarding this class of therapy
1. Usually not as successful as using pharmacotherapy
c. Nicotine Replacement Therapy
i. General

1. Contraindicated in Pt with pts with history of cardiac problems

2. not used in children, OTC >18yrs

ii. Gums

1. don’t use in TMJ pts

2. chew each piece slowly, upon tingling should “park” it between cheek/gum

3. does not provide same rapid satisfaction that smoking provides

4. Adv: satisfy oral cravings, delays weight gain, pts can titrate dose

5. DisAdv: not social acceptable always, not with dentures, must use proper chewing technique for use

iii. Lozenge

1. 25% more nicotine than equivalent gum dose, dose on “time to first cigarette”

2. does not provide same rapid satisfaction that smoking provides

3. Adv: satisfy oral cravings, easy to use/conceal, Pts can titrate dose
4. DisAdv: GI side effects (nausea, hiccups, heartburn)

iv. Nasal Spray

1. Adv: can easily titrate therapy
2. DisAdv: nasal/throad irritation, higher dependence potential, contraindicated in Pts with chronic nasal disorders

v. Inhaler

1. Adv: pts can easily titrate therapy, mimics hand-to-mouth ritual

2. Disadv: initial throat/mouth irritation may be bothersome, cant be used in warm/cold conditions, contraindic in pts with bronchospastic disease

vi. Transdermal Patch

1. nicotine is well absorbed across skin, should use area on skin upper body, apply to different areas each day, water does not harm it, highest compliance rates
2. Adv: avoid first pass, consistent nicotine levels, easy to use/conceal, fewer compliance issues

3. DisAdv: cannot titrate dose, allergic reactions may occur, contraindicated in Pts with derm conditions, psychosis due to prolonged use
d. Psychotropics
i. Buproprion
1. MOA: non-nicotine; increases Dopamine & NE, decreases craving
2. Don’t use in Pt with seizure disorder, (anorexia, bulimia)
3. Adv: oral (easy to use), twice a day dosage (easy to use), good in Pts w/depression
4. DisAdv: inc seizure risk, contraindicated in Pts with a seizure disorder, or MAO inhibitors, or eating disorder, pts with cranial trauma
e. Partial Nicotinic Receptor Agonist
i. Varenicline
ii. MOA: partial agonist of nicotinic receptor (alpha2beta4), blocks receptor (blocks smoking effect) but lessens W/D (slight agonism)
iii. Decreases SMx of W/D, reduces craving
iv. Dosing – increase dosing as you go on, reduces chance of nausea
v. Adv: oral formulation w/twice a day dosage (easy to use), new MOA for previous failed attempts
vi. DisAdv: nausea is a very common S/E
f. Clonidine & Nortriptyline are second line
g. Herbal Drugs (lobeline) are available 
i. Select the appropriate therapy for a Pt who is ready to stop smoking
ii. Educate a pt regarding this class of therapy
h. Combination pharmacotherapy may be useful in some Pts
