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The Physician Pharmacist: Cardiology

Embryology:
● Defect in left-right Dynein → Dextrocardia (Kartegeners)
● Chamberation:

○ 1. Septum primum grows to endocardial cushions
○ 2. Ostium secundum forms in septum primum
○ 3. Septum secundum develops
○ 4. Septum secundum expands and covers most o ostium secundum (residual foramen is Foramen ovale)
○ Remaining portion of septum primum forms one-way valve of foramen ovale
○ 6. Septum primum closes against septum secundum, sealing the foramen ovale soon after birth b/c of increased Left

Atrial pressure and decreased RA pressure
○ 7. Septum secundum + septum primum fuse during infancy/early childhood forming atrial septum

● Aortic Arch Derivatives:
○ 1 = maxillary a. (1st arch is MAXimal)
○ 2 = Stapedial a. And hyoid a. (Second for Stapedial)
○ 3 = Common Carotid a (“C” is the 3rd letter in alphabet)
○ 4 = Left aortic arch, right subclavian a. (4 limbs)
○ 6 = Proximal pulmonary a. + ductus arteriosus

● Shunts:
○ 1. Ductus Venosus = blood entering fetus through umbilical vein passes through ductus venosus into IVC,

bypassing hepatic circulation (BYPASSES LIVER)
○ 2. Foramen Ovale = highly oxygenated blood reaching heart via IVC id directed through ovale into the LEFT atrium

(attempting to bypass lungs)
○ 3. Ductus Arteriosus = Deoxygenated blood from the SVC passes through the RA → RV → Main pulmonary artery

→ Ductus Arteriosus → Descending Aorta (due to high fetal pulmonary resistance)
■ First breath → decreases resistance → increased left atrial pressure vs. Right atrial pressure → FOramen

ovale closes
■ Decreased PGs leads to closure of Ductus Arteriosus
■ Indomethacin (“Endomethacin ends PDA”)

● Anatomy;
○ Left atrium (LA) is the most posterior portion of heart, RV is most anterior part
○ Ortner Syndrome = enlargement of LA (mitral stenosis) leading to compression of esophagus (Dysphagia) + left

recurrent laryngeal nerve compression (Hoarseness)
○ RCA supplies AV node and SA node (infarct causing Bradycardia, Heart block)
○ Dominance:

■ Right-Dominant Circ (most common)
● PDA arises from RCA

■ Left-dominant Circ = PDA arises from Left Circumflex
● Physiology:

○ SV:
■ Impacted by COntractility, Afterload, Preload (CAP)
■ Increased SV seen w/ ; Increased contractility, increased preload, decreased afterload

○ Contractility:
■ Increased w/

● Catecholamine stimulation of B1 (activation of PKA signaling)
● Increased intracellular Ca2+
● Decreased extracellular Na+
● Digoxin (blocks Na/K pump → increased intracellular Na+ → decreasing Na/Ca exchanger activity

→ higher intracellular Ca2+
■ Decreased:

● B1 blockade (lower cAMP)
● HF w/ systolic dysfunction
● Acidosis
● hypoxia/hypercapnia
● non-DHP CCBs

○ Preload:
■ Predicted w/ Ventricular end-diastolic volume (EDV) = dependent on venous tone + vol blood
■ Vasodilators (Nitroglycerin) → decrease Preload (less return)
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○ Afterload:

■ Approximated by MAP
■ Increased wall tension → increased pressure → increased afterload
■ LV compensates for increased afterload by thickening (Hypertrophy) in order to decrease well stress
■ Arterial Vasodilators (HydrAlazine) → decreases Afterload
■ ACEI/ARBs also decrease preload + afterload
■ Chronic HTN (High MAP) → LV hypertrophy

○ Myocardial Oxygen Demand:
■ Increased by;

● Contractility
● Afterload (proportional to arterial pressure)
● HR
● Increased diameter of ventricle (higher wall tension)

● Equations:
○ SV = EDV - ESV
○ EF = SV / EDV     or     EF = [EDV - ESV]/ EDV

■ EF is an index for ventricular contractility
○ CO = SV x HR

■ Early stages of exercise, CO is maintained by increased HR and increased SV
■ Later stages CO is maintained by increased HR ONLY
■ Diastole is shortened w/ increased HR (V. tach) → decreased diastolic filling time → further decreases in SV

→ lower CO
○ Pulse Pressure (PP) = SBP - DBP

■ Proportional to SV
■ Inversely proportional to arterial compliance
■ Increased PP:

● Hyperthyroidism, aortic regurg, aortic stiffening, sleep apnea, anemia, exercise (transiently)
■ Decreased PP:

● Aortic stenosis, cardiogenic shock, cardiac tamponade, advanced HF
○ MAP = CO x TPR:

■ MAP = ⅔ DBP + ⅓ SBP
○ Capillaries have highest total cross-sectional area + lowest flow velocity
○ Arterioles account for most of TPR

Cardiac Function Curves

● Intersection point of curves = Venous Return is equivalent to CO
● Inotropy:

○ Changes in contractility → altered SV → altered CO/VR and RA pressure (RAP)
○ 1. Catecholamines, dobutamine, Milrinone, digoxin, exercise
○ 2. HF w/ reduced EF, narcotic OD, sympathetic inhibition

● Venous Return:
○ Changes in Circulating volume → altered RA pressure → altered SV → changes in CO
○ 3. Fluid infusion, sympathetic activity
○ 4. Acute hemorrhage, spinal anesthesia

● Total PeripheraL Resistance (TPR):
○ Changes in TPR → altered CO
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○ Changes in RAP are unpredictable
○ 5. Vasopressors
○ 6. Exercise, AV shunt

Pressure Volume Loops:
● 1. Isovolumetric contraction = period btw mitral valve closing and aortic valve

opening (period of highest O2 consumption)
● 2. Systolic ejection = period btw aortic valve opening and closing
● 3. Isovolumetric relaxation = period btw aortic valve closing + mitral valve

opening
● 4. Rapid Filling = period just after mitral valve opening
● 5. Reduced filling = period just before mitral valve closing
● Heart Sounds:

○ S1 = mitral + tricuspid Valve closure (Loudest at mitral area)
○ S2 = Aortic/Pulmonary valve closure 9loudest at left upper sternal border)
○ S3 = Early diastole, during rapid ventricular filling phase

■ Best heart at apex w/ pt in Left lateral decubitus position
■ Associated w/ Elevated Filling

Pressures (MR, AR, HF,
Thyrotoxicosis) + Dilated
Ventricles

● Normal finding in
Children, young
adults, athletes,
pregnancy

■ Caused by Blood from LA
mixing w/ increased ESV

○ S4 = Late diastole (“Atrial Kick”)
■ Turbulence caused by blood

entering stiffened LV
■ Best heard at apex w/ patient

in left lateral decubitus
position

■ High atrial pressure
■ Associated w/ Ventricular

Noncompliance
(Hypertrophy)

● Jugular Venous Pulse (JVP):
○ A wave = atrial contraction (absent in

Afib)
○ C wave = Rv contraction (closed

tricuspid valve bulging into atrium)
○ X Descent = atrial relaxation +

downward displacement of closed
tricuspid valve during rapid ventricular
ejection phase

■ Reduced or absent in
tricuspid regurg, and Right
HF b/c pressure gradients
reduced

○ V wave = increased RA pressure due
to increased Vol against closed
tricuspid valve

○ Y descent = RA emptying into RV
■ Prominent in constrictive

pericarditis, absent in cardiac
tamponade
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● SASMR
● DARMS
● Aortic Stenosis: “Narrowing”

○ Increased LV pressure
○ Increased ESV
○ No changed in EDV (if mild)
○ Decreased SV
○ Ventricular Hypertrophy → decreased ventricular compliance

→ Increased EDP for given EDV
● Aortic Regurgitation:

○ No true isovolumetric phase
○ Increased EDV
○ Increased SV
○ Loss of dicrotic notch

● Mitral Stenosis:
○ Increased LA pressure
○ Decreased EDV b/c of impiared ventricular filling
○ Decreased ESV
○ Decreased SV

● Mitral Regurgitation:
○ No true isovolumetric phase
○ Decreased ESV due to decreased resistance + increased regurg into

LA during systole
○ Increased EDV due to Increased LA vol/pressure form regard →

increased ventricular filling
○ Increased SV (forward follow into systemic cir + backflow into LA)

Splitting S2:
● Physiologic Splitting:

○ Inspiration → drop in intrathoracic pressure → increased venous return → increased RV filling
→ increased RV stroke vol → increased RV ejection time → delayed closure of pulmonic
valves

● Wide Splitting:
○ Conditions that delay RV emptying (Pulmonic Stenosis, RBBB)
○ Delayed pulmonic sound (especially w/ inspiration)
○ “An exaggeration of normal splitting”

● Fixed Splitting:
○ ASD → left-to-right shunt → increased RA and RV volumes → increased flow through

pulmonic valve → delayed pulmonic valve closure (Independent of Respiration)
● Paradoxical Splitting:

○ Heard in conditions that delay aortic valve closure (Aortic stenosis, LBBB)
○ Normal order of Semilunar valve closure is reversed (P2 occurs before A2 = Think PAradoxical

for P before A)
○ On inspiration, P2 closes later and moves closer to A2 “paradoxically” eliminating the split
○ Expiration, the split can be heard (opposite of physiological splitting)



5
Murmurs:

● Maneuvers: ?
○ Standing Valsalva (Strain phase):

■ Decreases preload (decreases LV volume) = decreases most murmurs
○ Squatting = increases preload, increases afterload → most murmurs increases

● SASMR, DARMS
● Systolic:

○ Aortic Stenosis:
■ Crescendo-decrescendo systolic ejection murmur w/ soft S2 (ejection

click may be present)
■ LV > > Aortic pressure during systole
■ Loudest at heart base; radiates to carotids
■ SAD = syncope, angina, dyspnea on exertion
■ Caused by age-related calcification in older pts (> 60yo

○ Mitral/Tricuspid Regurg:
■ Holosystolic, high pitched, “Blowing murmur”
■ Mitral = usually due to ischemic heart dx (Post-MI), MVP, LV dilation
■ Rheumatic fever/infective endocarditis can cause either

○ Mitral Valve Prolapse:
■ Late systolic crescendo murmur w/ midsystolic click (MC) due to sudden

tensing of chordae tendineae as mitral leaflets prolapse into the LA
● “Chordae cause Crescendo w/ Click”

■ Usually benign - can predispose to infective endocarditis
■ Seen w/ myxomatous degeneration (Marfan or Ehlers-Danlos Syndrome),

and Rheumatic fever, cordea rupture
○ VSD:

■ Holosystolic, harsh-sounding murmur
■ Loudest at tricuspid area
■ Larger VSDs have a lower intensity murmur than smaller VSDs

● Diastolic:
○ Aortic Regurgitation:

■ High-pitched “blowing” early diastolic Decrescendo murmur
■ Long diastolic murmur, hyperdynamic pulse, head bobbing when

severe and chronic
■ Causes =BEAR Bicuspid aortic valve, Endocarditis, Aortic root

dilation, Rheumatic fever
■ Progresses to Left HF

○ Mitral Stenosis:
■ Follows opening snap (OS = due to abrupt halt in leaflet motion in

diastole, after rapid opening due to fusion at leaflet tips)
■ Delayed - mid to late diastolic murmur (decreased interval btw S2

and OS correlates w/ increased severity)
■ LA >> LV pressure during diastole
■ Cause = Rheumatic Fever

● Continuous:
○ Patent Ductus Arteriosus:

■ Continuous machine-like murmur
■ Left infraclavicular area - loudest at S2
■ Cause = congenital rubella or prematurity

● Speed of conduction:
○ His-Purkinje > Atria > Ventricles > AV node
○ P wave = atrial depolarization
○ PR interval = time from start of atrial depolarization to start of ventricular depolarization
○ QRS complex = ventricular depolarization
○ QT interval = ventricular depolarization, mechanical contraction of ventricles, ventricular repolarization
○ T wave = ventricular repolarization. T-wave inversion may indicate ischemia or recent MI
○ J point = junction between end of QRS complex and start of ST segment
○ ST segment = isoelectric, ventricles depolarized



6
○ U wave = prominent in HYPOkalemia + bradycardia

● ANP:
○ Atrial natriuretic peptide = released from atrial myocytes in response to higher blood vol/pressure
○ Acts via cGMP → vasodilation and decreased Na+ reabsorpiton in renal collecting tubule
○ Dilated afferent renal arterioles + constricts efferent arterioles → promoting filtration/diuresis

● B-type (Brain) Natriuretic Peptide:
○ Released from ventricular myocytes in response to Tension
○ Similar response as ANP, w/ longer halflife
○ BNP used for ddx heart failure

● Baroreceptors/Chemoreceptors:
○ Receptors:

■ Aortic Arch = transmit via vagus nerve to Solitary nucleus of medulla (responds to changes in BP)
■ Carotid Sinus = (via Glossopharyngeal n. IX) - prior to bifurcation of carotid arteries, travels to solitary

nucleus to respond to BP
○ Chemoreceptors;

■ PeripheraL = carotid + aortic bodies stimulated by PCO2 increase + decreased pH of blood, and decreased
PO2 (< 60 mmHg)

■ Central = stimulated by changes in pH and PCO2 of brain interstitial fluid (which in turn is influenced by
arterial CO2 as H+ cant cross the BBB)

● DOES NOT directly respond to PO2
● Become less responsive w/ chronically elevated PCO2 (COPD) → increased dependence on

peripheral chemoreceptors to detect decreases in O2 to drive respiration
○ Baroreceptors:

■ Hypotension → decreased arterial pressure → decreased stretch → decreased afferent baroreceptor firing
→ increased efferent SNS firing + decreased Efferent PSNS stimulation → vasoconstriction + increased HR
+ Increased COntractility + Increased BP

● Important in response of hemorrhage
■ Carotid Massage = increased pressure on carotid sinus → increased stretch → increased afferent

baroreceptor firing → increased AV node refractory period → decreased HR
● Pulmonary Capillary wedge pressure (PCWP) = good approximation of LA pressure

○ Mitral stenosis = PCWP > LV EDP
● Hypoxia in organs/tissue generally causes vasodilation (to improve blood flow)

○ Exception = Lungs which cause VASOConstriction;
■ Alveolar hypoxia causes vasoconstriction so that only well-ventilated areas are perfused

○ Skeletal Muscle = CHALK
■ CO2, H+, Adenosine, Lactate, K+

● Edema = excess fluid outflow into interstitiuiom commonly caused by;
○ 1. Increased capillary pressure = aka higher capillary hydrostatic pressure (HF)
○ 2. Increased capillary permeability = toxins, infections, burns
○ 3. Increased interstitial fluid oncotic pressure = lymphatic blockage
○ 4. Decreased plasma proteins = aka low capillary oncotic pressure (nephrotic syndrome, liver failure, protein

malnutrition)
Pathology

● Congenital Heart Dx:
○ 1. Right to Left Shunts:

■ “Blue babies”
■ 5 T’s

● 1. Truncus arteriosus (1 vessel)
● 2. Transposition (2 switched vessel)
● 3. Tricuspid atresia (3 is Tri)
● 4. Tetralogy of Fallot (4 = tetra)
● 5. TAPVR (5 letters long)

■ 2. Transposition of Great Vessels:
● Aorta leaves RV and pulmonary trunk leaves LV → leads to separation of

systemic and pulmonary circulations
● Not compatible w/ life = unless accidental shunt present (VSD, ASD, PFO)
● CXR = egg on a spring appearance

■ 3. Tricuspid Atresia;
● No tricuspid valve - requires both ASD and VSD for viability
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■ 4. Tetralogy of Fallot:

● Most common cause for early childhood cyanosis
● 1. Pulmonary infundibular stenosis (prognostic factor)
● 2. Right Ventricular Hypertrophy (RVH)
● 3. Overriding aorta
● 4. VSD
● Pulmonary stenosis forces R-to-L flow across VSD → RVH
● “Tet Spells” = often caused by crying, fever, and exercise due to

exacerbation of RB outflow obstruction
● “PROVe”
● Squatting = increases SVR → decreased Right to left shunt →

improves cyanosis
● Associated w/ 22q11 syndromes (DiGeorge)

■ Ebstein Anomaly:
● Lithium exposure in utero
● Displacement of tricuspid valve downward into RV
● “Atrialized RV” → tricuspid regurg + right-sided HF

○ 2. Left to Right Shunts:
■ Acyanotic at presentation; cyanosis may occur years later

● R-to-L = eaRLy cyanosis
● L-to-R = LateR cyanosis

■ VSD (most common)  > ASD > PDA
■ VSD:

● Asymptomatic at birth but manifests within weeks (can be asymptomatic in life)
● Most self-resolve (if larger lesions → LV overload + HF)
● O2 saturation increases in RV + pulm artery

■ ASD:
● Wide, Fixed Splitting of S2
● Ostium secundum defects (Most common)

○ Ostium primum defects are more rare + usually come w/ other cardiac anomalies
● NOT the same as PFO b/c we are missing tissue here (not just “unfused”)
● Paradoxical emboli
● Down Syndrome**

■ PDA:
● Shunt is R to Left while a fetus (normal)
● Decreased pulmonary vascular resistance → shunt becoming Left to right → progressive RVH / HF
● “Machine Like” murmur
● Patency maintained by PGE synthesis + Low O2 tension

○ Give Indomethacin to Tx (NSAID)
● Uncorrected PDA can eventually result in late cyanosis in lower extremities

■ Eisenmenger Syndrome:
● Uncorrected L-to-R shunt (VSD, ASD, PDA) → increased pulmonary blood flow → pathologic

remodeling of vasculature --. Pulmonary arterial HTN
● RVH occurs to compensate → shunt becomes R-to-L
● Causes late cyanosis, clubbing, and polycythemia

○ Coarctation of Aorta:
■ Aortic narrowing → near insertion of ductus arteriosus (Juxtaductal)
■ Associated w/ bicuspid aortic valve + Turner Syndrome (45 X)
■ HTN in upper extremities + weak/delayed pulses in lower extremities

(brachial-Femoral delay)
■ Notched Ribs = seen on CXR due to enlargement of intercostal arteries (serving

as chronic collateral circulation)
■ Complications = HF, increased risk of cerebral hemorrhage (berry aneurysms),

aortic rupture, and endocarditis
● Congenital Cardiac Defect Associations:

○ Fetal ALcohol Syndrome = VSD, PDA, ASD, Tetralogy of Fallot
○ Congenital Rubella = PDA, Pulm artery stenosis, septal defects
○ Down Syndrome = AV Septal defect (Endocardial Cushion defect) + VSD/ASD
○ Infantile DM/Gestational DM w/ mother = Transposition of Great Vessels, VSD
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○ Marfan Syndrome = MVP, Thoracic aortic aneurysm and dissection, aortic regurgitation
○ Lithium In Utero = Ebstein anomaly
○ Turner Syndrome (45 X) = Bicuspid Aortic Valve + Coarctation of Aorta
○ Williams Syndrome = Supravalvular aortic stenosis
○ 22q11 Syndromes = Truncus Arteriosus + Tetralogy of Fallot

● Hypertension:
○ ≥ 130/80
○ Urgency = ≥ 180/120 w/o acute endo organ damage
○ Emergency = severe HTN w/ evidence of acute end-organ damage (encephalopathy, stroke, retinal hemorrhages,

exudates, papilledema, MI, HF, aortic dissection, kidney injury, microangiopathic hemolytic anemia, eclampsia)
○ Fibromuscular Dysplasia (“string of Beads”) appearance of renal artery = causes secondary HTN)

● Monckeberg Sclerosis:
○ “Medial calcific sclerosis” - “Arteriolosclerosis” (Not atherosclerosis)
○ Affects “Medium” sized arteries
○ Calcification of internal elastic lamina + media of arteries = vascular thickening w/o obstruction
○ “Pipestem” appearance on CXR
○ Does NOT obstruct blood flow; intima not involved

● Atherosclerosis:
○ Abdominal aorta > Coronary Artery > popliteal a. > carotid a. > circle of willis
○ Modifiable RF = HTN, Tobacco use, dyslipidemia, DM
○ Non-mod RF = age, male, postmenopausal status, family hx
○ Pathogenesis:

■ Endothelial cell dysfunction → macrophage + LDL accumulation → foam cell formation → fatty streaks →
smooth muscle cell migration (involves PDGF/FGF), proliferation, extracellular matrix deposition → Fibrous
Plaque → Complex atheromas → Calcifications (Calcium content correlates w/ risk of complications

● Aortic Aneurysm:
○ Localized pathology dilation of aorta
○ AAA:

■ Assoccated w/ Atherosclerosis
■ RF = tobacco use, increased age, male sex, family hx
■ May present w/ palpable pulsatile abdominal mass + partial crescent-shape nonopacification of aorta due to

flap/clot
■ Most often infrarenal (distal to origin of renal arteries)

○ Thoracic AA:
■ Cystic medial degeneration association + Tertiary Syphilis (Obliterative endarteritis of the vasa vasorum)

● Aortic Dissection:
○ Longitudinal intimal tear forming false lumen
○ Associated w/ HTN, Bicuspid Aortic Valve, inherited connective tissue disorders (Marfan Syndrome)
○ Sxs = tearing, sudden-onset chest pain radiating to the back

■ +/- unequal BP in arms
■ CXR shows mediastinal widening

○ Stanford Classifications:
■ Type A = (Proximal) involving Ascending aorta (may extend over arch

to descending)
● Can cause acute aortic regurgitation or cardiac tamponade
● Tx = surgery

■ Type B = (Distal); involves only descending aorta (Below Left
Subclavian a.)

● Tx = B-blockers, then vasodilators
● Subclavian Steal Syndrome:

○ Stenosis of subclavian a. Proximal to origin of vertebral a. → hypoperfusion
distal to stenosis

○ Reversed blood flow in ipsilateral vertebral a. → reduced cerebral perfusion on
exertion of affected arm

○ Sxs = arm ischemia, pain, paresthesia, vertebrobasilar insufficiency
(Dizziness, vertigo)

■ >15 mmHg difference in systolic BP btw arms
○ Associated w/ Arteriosclerosis, Takayasu's Arteritis, Heart Surgery
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Ischemic Heart Dx Manifestations:
● Angina:

○ Chest pain due to ischemic myocardium secondary to coronary artery narrowing or spasm; No necrosis:
○ 1. Stable Angina:

■ Usually secondary to atherosclerosis ( ≥ 70% occlusion)
■ Exertional chest pain in classif distribution (usually w/ ST depression on ECG)
■ Resolves w/ rest or nitroglycerin

○ 2. Vasospastic (Prinzmetal/Variant Angina):
■ Occurs AT rest secondary to coronary artery spasm
■ Transient ST elevation on ECG
■ RF = smoking

● Surprisingly HTN and Hypercholesterolemia are NOT RFs
● Triggers = cocaine, alcohol, triptans

■ Tx = CCBs, Nitrates, smoking cessation
○ 3 Unstable Angina:

■ Thrombosis w/ incomplete coronary artery occlusion; +/- ST depression and/or T-wave inversion on ECG but
no cardiac biomarkers in blood (unlike NSTEMI)

■ Increased frequency or intensity of chest pain or any chest pain at rest
● Coronary Steal Syndrome:

○ Distal to coronary stenosis, vessel are already maximally dilated at baseline
■ Meaning administering vasodilators will NOT cause further dilation of the ischemic vessels….

○ Administration of vasodilators (Dipyramidole, Regadenoson) dilates normal vessels → blood is shunted toward
well-perfused areas → leading to further ischemia in myocardium perfused by stenosed vessels

○ Principle behind pharmacologic stress tests w/ coronary vasodilators
● Sudden Cardiac Death (SCD):

○ Often due to lethal arrhythmia (V. fib)
○ Associated w/ CAD, Cardiomyopathy (Hypertrophic, dilated), hereditary ion channelopathies (Long QT syndrome,

brugada Syndrome)
○ Prevent w/ ICD (defib)

● Chronic Ischemic Heart Disease:
○ Progressive onset of HF over many years due to chronic ischemic Myocardial damage
○ Myocardial Hibernation = potentially reversible LV systolic dysfunction in setting of chronic ischemia
○ Myocardial Stunning = transient LV systolic dysfunction after a brief episode of acute

ischemia
● MI:

○ Often due to rupture of coronary artery atherosclerotic plaque → acute thrombosis
○ Increased Biomarkers (CK-MB, Troponins) = often diagnostic
○ NSTEMI:

■ Subendocardial infarcts
■ Subendocardium (Inner ⅓) especially vulnerable to ischemia
■ ST depression on ECG

○ STEMI:
■ Transmural Infarcts
■ Full thickness of Myocardial Wall involved
■ ST elevation w/ pathologic Q waves on ECG

○ Evolution of MI:
■ 0-4 hrs = No changes seen
■ 4-12 hrs = wavy fibers w/ narrow, elongated myocytes
■ 12-24 hrs = myocyte hypereosinophilia w/ pyknotic (Shrunken) nuclei
■ 1-3 days = coagulation necrosis (loss of nuclei/striations) PMN infiltration
■ 3-7 days = Dead PMNs cleared w/ Macrophage infiltration at borders
■ 7-10 days = robust macrophage phagocytosis + granulation tissue formation
■ 10-14 days = well-developed granulation tissue w/ neovascularization
■ 2-8 weeks = progressive collagen deposits + scar formation

○ Ddx:
■ ≤ 6 hrs = ECG is gold standard
■ Troponin 1 = rises after 4 hrs (peaks at 24 hrs) + stays elevated for 7-10 days
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■ CK-MB = 6-12 hrs to rise (peaks at 16-24 hrs) + is predominantly found in myocardium but also released

from skeletal muscle (less specific for MI)
● Good for ddx of reinfarction following acute MI b/c levels return to normal after 48 hrs**

○ ECG localization of STEMI: “Leads w/ ST-segment elevations or Q waves”
■ LAD = V1-V2
■ Distal LAD = V3-V4
■ Anterolateral LAD or LCX (Circumflex) = V5-V6
■ Lateral (LCX) = 1, aVL
■ InFerior (RCA) = II, III, aVF
■ Posterior (PDA) = V7-V9, ST depression in V1-V3 w/ tall R waves

● Paroxysmal Supraventricular Tachycardia (PSVT):
○ Narrow QRS complex Tachycardia
○ Often due to AV nodal reentrant tachycardia
○ Sxs = sudden onset palpitations, diaphoresis, lightheadedness
○ Tx = slow AV nodal conduction (Vagal Maneuvers, IV Adenosine)
○ Electrical cardioversion is hemodynamically unstable

■ Definitive Tx w/ Catheter Ablation of Re-entry tract
● Torsade de Pointes:

○ Polymorphic ventricular tachycardia (v. tach) = characterized by shifting sinusoidal waveforms on ECG
■ Can progress to v. fib

○ RF = Long QT interval
■ Drugs that decrease K+, decrease Mg2+, decrease Ca2+, or congenital issues (Congenital Long QT

syndrome)
■ ABCDEF:

● Anti-Arrhythmics (Class IA, III - Amiodarone)
● anti-Biotics = Macrolides, Fluroquinolones
● anti-C-ychotics = Haloperidol, Ziprasidone
● anti-Depressants = TCAs
● anti-Emetics = Ondansetron
● anti-Fungals = Azoles

○ Tx = Magnesium
● Hereditary Channelopathies:

○ Inherited mutations of cardiac ion channels → abnormal myocardial APs
○ Increased risk for Ventricular tachyarrhythmias + SCD
○ Brugada Syndrome:

■ Autosomal dominant
■ Loss of Na+ channels
■ Increased prevalence in Asian Males
■ ECG = Pseudo-Right BBB + ST-segment elevations in leads V1-V2
■ Prevent SC w/ implantable cardioverter-defibrillator (ICD)

○ COngenital Long QT Syndrome:
■ Loss of function mutation of K+ channels (affecting repolarization)
■ Romano-Ward Syndrome = autosomal dominant, pure cardiac phenotype (no deafness)
■ Jervell and Lange-Nielsen Syndrome = autosomal recessive, sensorineural deafness
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● Wolff-Parkinson-White Syndrome (WPW):

○ Most common ventricular pre-excitation syndrome
○ Abnormal fast accessory conduction pathway from atria to ventricle (Bundle of Kent)

bypassing the rate-slowing AV node → ventricles begin to partially depolarized earlier
○ ECG = Delta Wave w/ Widened QRS complex + shortened PR interval
○ May result in reentry circuit causing Supraventricular Tachycardia

ECG Tracings:

● Atrial Fibrillation:
○ No P-WAVE + irregularly spaced QRS complexes (measure

distance btw each and it will be different)
○ “Irregularly irregular rhythm”
○ RF = HTN + CAD, rarely excessive alcohol consumption

(Holiday-Heart-Syndrome)
○ Complications = thromboembolic events (Stroke) from

embolization of contents commonly stored in left-atrial
appendage

○ Tx = Anticoagulation necessary, rate + rhythm control,
Cardioversion

■ Definitive Tx = catheter ablation
● Atrial Flutter:

○ Rapid succession of IDENTICAL, back-to-back atrial depolarizations
waves

○ ECG = Sawtooth of flutter waves
○ Tx = same as afib

● Ventricular Fibrillation (V. fib):
○ Completely erratic rhythm w/ no identifiable waves
○ Fatal arrhythmia without immediate CPR + defibrillation (one of the 2

shockable rhythms - other is V. tach)

● Heart Blocks:
○ “If the R is far from P, then you have 1st degree.
○ Longer Longer Longer, drop! Then you have Wenckebach.
○ If some P’s don’t get through, then you have Mobitz II.
○ If P’s and Q’s Don't agree, then you have 3rd degree”
○ 1st-Degree AV Block:

■ PR interval prolonged > 200 msec
■ Benign + asymptomatic = no Tx needed

○ 2nd-Degree AV Block:
■ Mobitz I (Wenckebach)

● Drop drop wenckebach - progressive lengthening of PR
interval until beat is dropped (a P-WAVE is not followed by
a QRS complex)

● Usually asymptomatic
● Variable RR internal w/ a pattern (Regularly Irregular)

■ Mobitz II:
● “Randomly dropped beats”
● Dropped beats that are NOT preceded by a change in

length of the PR interval
● May progress to 3rd-degree
● Tx = pacemaker
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○ 3rd-Degree AV Block

■ “Complete Block” = Atria + ventricles beat independently
■ P waves and QRS

complexes are NOT
rhythmically associated

■ Atrial rate > Ventricular
■ Tx w/ Pacemaker
■ Associated w/ Lyme Dx

MI Complications:
● Cardiac Arrhythmia = occurs within first

few days after MI (most common cause
of death)

● Postinfarction Fibrinous Pericarditis = 1-3 days; friction rub
● Papillary muscle rupture = 2-7 days; posteromedial papillary muscle rupture (increased risk due to single blood supply from

posterior descending a.)  → severe mitral regurgitation
● Interventricular Septal Rupture = 3-5 days; macrophage-mediated degradation → VSD → increased O2 saturation and

pressure in RV
● Ventricular Pseudoaneurysm FOrmation = 3-14 days; free wall rupture contained by adherent pericardium or scar tissue

○ Decreased CO, irks of arrhythmia, embolus from mural thrombosis
● Ventricular Free Wall rupture = 5-14 days; Free wall rupture → cardiac tompnoade

○ LV hypertrophy and previous MI protect against free wall rupture
○ Acute form leads to sudden death

● True Ventricular Aneurysm = 2 weeks-several months (outward bulge w/ contraction (Dyskinesia) associated w/ fibrosis)
● Dressler Syndrome:

○ Several weeks - autoimmune phenomenon resulting in fibrinous Pericarditis
● LV failure and Pulmonary Edema = occurs secondary to LV infarction, VSD, Free wall rupture, papillary muscle rupture w/

mitral regurgitation
Acute Coronary Syndrome Tx:

● Unstable Angina/NSTEMI:
○ Anticoag (Heparin), ANtiplatelet (ASA), + ADP receptor inhibits (CLopidogrel), BBs, ACEI, STains
○ Sxs control w/ Morphine + Nitroglycerin

● STEMI:
○ All the above + reperfusion therapy (PCI prefered over Fibrinolytics)
○ RV affected? (RCA occlusion) → support venous return/preload to maintain cardiac output (IV fluids, Avoid Nitro)

Cardiomyopathies:
● Dilated Cardiomyopathy:

○ Most common (90% of cases)
○ Cause = idiopathic or familial (TTN mutation encoding Sarcomeric Protein Titin)

■ Other = Drugs (Alcohol, cocaine, Doxorubicin), Infection (Coxsackie B, Chagas dx), Ischemia (CAD),
Systemic dx (Hemochromatosis, Sarcoidosis, Thyrotoxicosis, We BeriBeri), Peripartum Cardiomyopathy

○ Findings = HF, S3, systolic regurgitant murmur, dilated heart on ECHO, balloon on CXR
■ Displays Eccentric Hypertrophy (Sarcomeres added in series)
■ “Ventricles get BIGGER in size/volume”

○ Tx = Na+ restriction + ACEI, + BBs + Sacubitril, + Diuretics + Mineralocorticoid Receptor Blockers (Spironolactone),
Digoxin, ICD, Heart transplant

○ Results = leads to systolic dysf.
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○ Takotsubo Cardiomyopathy:

■ Broken heart syndrome ⇒ ventricular apical ballooning liked due to increased SNS stimulation (Stressful
situations)

● Hypertrophic Cardiomyopathy:
○ 60-70% of familial, autosomal dominant

■ Due to mutations Sarcomeric Proteins (Myosin-Binding Protein C and B-myosin Heavy Chain)
■ HTN
■ Friedreich ataxia

○ Sxs = syncope during exercise + may lead to sudden cardiac death (due to ventricular arrhythmia)
■ Commonly Young Athletes who drop dead on the field

○ Findings = S4, systolic murmur, +/- mitral regurg
○ Tx = cessation of high-intensity athletics, BBs or ndp-CCBs (Verapamil)

■ ICD if syncope occurs
■ Avoid drugs that decrease preload = Diuretics, Vasodilators)

○ Results = DIASTOLIC dysfunction ensues
■ Marked ventricular concentric hypertrophy (Sarcomeres added in parallel)
■ Often septal predominance, myofibrillar disarray and fibrosis

● Restrictive/Infiltrative Cardiomyopathy:
○ “PLEASe Help”

■ Postradiation Fibrosis
■ Loeffler Endocarditis
■ Endocardial Fibroelastosis (thick fibroelastic tissue in endocardium of young children)
■ Amyloidosis
■ Sarcoidosis
■ Hemochromatosis

○ Diastolic dysfunction ensues
○ Low-voltage ECG despite thick myocardium (esp w/ Amyloidosis)
○ Loeffler Endocarditis:

■ Associated w/ hypereosinophilic syndrome
■ Histo = eosinophilic infiltrates into myocardium

Heart Failure:
● Clinical syndrome of cardiac pump dysfunction → congestion + low perfusion
● Sxs = SOB, orthopnea, fatigue
● S3 Heart sound, Rales, Jugular venous distention (JVD), pitting edema
● Systolic Dysf = reduced EF, Increased EDV, decreased contractility often secondary to

Ischemia/MI or dilated cardiomyopathy
● Diastolic Dysf = preserved EF, normal EDD; decreased compliance (Increased EDP) often

secondary to myocardial hypertrophy
● “Most common cause of Right-Sided HF is left-sided HF”

○ Cor Pulmonale refers to isolated right HF due to pulmonary cause
● Tx =

○ Decrease mortality = ACEI or ARB, BBs (except in acute decompensated HF),
Spironolactone

○ Loop and Thiazide diuretics are used mainly for symptomatic relief
○ Hydralazine w/ nitrate therapy improves both sxs and mortality in select pts

● Left Heart Failure:
○ Orthopnea:

■ SOB when supine - increased venous return from redistribution of blood
(immediate gravity effect) + exacerbates pulmonary vascular congestion

○ Paroxysmal Nocturnal Dyspnea:
■ Breathless awakening from sleep = increased venous return from redistribution of blood, reabsorption of

peripheral edema
○ Pulmonary Edema:

■ Increased pulmonary venous pressure → pulmonary venous distention + transduction of fluid
■ Presence of hemosiderin-laden macrophages (HF Cells)

● Right-Sided Heart Failure:
○ Hepatomegaly:

■ Increased central venous pressure → increased resistance to portal flow
■ “Cardiac cirrhosis”
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■ Associated w/ Nutmeg Liver (mottled appearance) on gross exam

○ JVD = increased venous pressure
○ Peripheral edema = increased venous pressure → fluid transudation

Shock:  “Inadequate organ perfusion”
● Hypovolemic Shock:

○ Cause = hemorrhage, dehydration, burns
○ Skin = cold, clammy
○ Preload (PCWP) = decreased
○ CO = decreased
○ SVR (Afterload) = increased
○ Tx = IV fluids

● Cardiogenic Shock:
○ Cause = Acute MI, HF, Valvular dysf, arrhythmia
○ Skin = cold, clammy
○ Preload (PCWP) = up or down
○ CO = very decreased
○ SVR (Afterload) = increased
○ Tx = Inotropes, Diuresis

● Obstructive Shock:
○ Cause = Cardiac tamponade, pulmonary embolism, tension pneumothorax
○ Skin = cold, clammy
○ Preload (PCWP) = up or down
○ CO = very decreased
○ SVR (Afterload) = increased
○ Tx = Relieve obstruction

● Distributive Shock:
○ Cause = sepsis, anaphylaxis, CNS Injury
○ Skin = Warm, Dry
○ Preload (PCWP) = decreased
○ CO = up or down
○ SVR (Afterload) = decreased a lot
○ Tx = IV fluid, pressors, epinephrine (Anaphylaxis)

Cardiac Tamponade:
● Compression of the heart by fluid (blood, effusions) → decreased CO
● Equilibrium of diastolic pressure in all 4 chambers
● Beck Triad = Hypotension, Distended Neck Veins, Distant Heart Sounds
● Findings = Increased HR, pulsus paradoxus
● ECG = shows low-voltage QRS + electrical alternans (due to “swinging” movement of heart in large effusion)
● Tx = pericardiocentesis or surgical drainage
● Pulsus Paradoxus:

○ Decreased amplitude of systolic BP by > 10 mmHg during Inspiration
○ Pea COAT:

■ Constrictive Pericarditis
■ Obstructive Pulmonary Dx (Croup, OSA, Asthma, COPD)
■ Cardiac Tamponade

Bacterial Endocarditis:
● Acute = Staph Aureus (high virulence)

○ Large vegetations on previously normal
○ Rapid onset

● Subacute = viridans streptococci (low virulence)
○ Smaller vegetations on congenitally abnormal or diseased valves
○ Sequelae of dental procured. Gradual onset

● Sxs = FROM JANE w/ Love
○ Fever
○ Roth spots (round white spots on retina surrounded by hemorrhage)
○ Osler Nodes (ouchy raised lesions on finger or toe pads due to immune complex deposition)
○ Murmur
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○ Janeway Lesions (small, painless, erythematous lesions on palm or sole)
○ Anemia
○ Nail-bed hemorrhage
○ Emboli

● Associated w/ Glomerulonephritis, Septic Arterial or Pulmonary Emboli
● May be nonbacterial (Marantic/Thrombotic) secondary to malignancy, hypercoagulable state, or lupus
● Requires multiple blood cultures for ddx
● If culture negative = most likely Coxiella Burnetii, Bartonella spp
● Mitral valve is most frequently involved
● Tricuspid valve endocarditis = IV drug use

○ Staph aureus, pseudomonas, candida
● Strep bovis (gallolyticus) is present in colon cancer, Strep epidermidis on prosthetic valves
● Native Valve endocarditis = due to HACEK:

○ Haemophilus, Aggregatibactor , Cardiobacterium, Eikenella, Kingella
Rheumatic Fever:

● JONES Criteria:
○ Joint (Migratory Polyarthritis)
○ Carditis
○ Nodules in Skin (SQ)
○ Erythema Marginatum (Evanescent rash w/ ring margin)
○ Sydenham Chorea (Involuntary irregular movements of limbs and face)

● Consequence of pharyngeal infxn w/ Group-B Strep
● Late sequelae include rheumatic heart dx (which affects heart valves) = Mitral > Aortic >> Tricuspid (high-pressure valves

affected most)
● Aschoff bodies = granuloma w/ giant cells + Anitschokow cells (Enlarged macrophages w/ ovoid, wavy, rod-like nucleus)

increased antistreptolysin O (ASO), and Increased Anti-DNase B Titers
● Immune Mediated = HSR Type II

○ NOT a direct effect of bacteria
○ Antibodies to M-protein cross-react w/ self antigens, often Myosin (molecular Mimicry)

● Tx/PPx = Penicillin

Acute Pericarditis:
● Inflam of pericardium
● Sxs = sharp pain, aggravated by inspiration, relieved by sitting up and leaning forward

○ Friction rub
● ECG = widespread ST-segment elevation + PR depression
● Causes = Idiopathic (most common- usually predisposing viral), Confirmed Infxn (Coxsackievirus B), Neoplasia, Autoimmune

(SLE, Rheumatoid arthritis), Uremia, Cardiovascular (acute STEMI, Dressler Syndrome), Radiation Therapy
● Tx = NSAIDs, Colchicine, GC, DIalysis (Uremia)

Myocarditis:
● Inflam of Myocardium → global enlargement of heart and dilation of all chambers
● Major cause of SCD in adults < 40 years old
● Sxs (highly variable) = SOB, chest pain, fever, arrhythmias (persistent tachycardia out of proportion to fever)

Cardiac Tumors; Most common cardiac tumor is a metastasis (Melanoma)
● Myxomas:

○ Most common primary cardiac tumor in adults
○ 90% occur in atria (LA most common)
○ “Ball valve” = obstruction in LA
○ IL-6 = commonly produced by tumor → constitutional sxs (fever, weight loss)

● Rhabdomyomas:
○ Most common primary tumor in CHILDREN (associated w/ Tuberous Sclerosis)
○ Hiso = Hamartomatous growths
○ More common in ventricles

● Kussmaul Sign:
○ Paradoxical increase in JVP on inspiration (normally, inspiration --. Negative intrathoracic pressure → increased

venous return → decreased JVP)



16
○ Impaired RV filling = blood backs up into vena cava → decreased venous return as negative intrathoracic pressure is

insufficient to bring blood to right heart → Kussmaul sign
○ Seen w/ constrictive pericarditis, restrictive cardiomyopathy, Right heart failure, massive pulmonary embolism, RA or

Ventricular tumors
● Hereditary Hemorrhagic Telangiectasias:

○ Osler-Weber-Rendu Syndrome:
■ Autosomal dominant disorder of BVs
■ Findings = blanching lesions (Telangiectasias) on skin and mucous membranes, Recurrent epistaxis, skin

discolorations, AV malformation (AVMs), GI bleeding, Hematuria

HTN Treatment:
● BBs = use w/ caution in decompensated HF (contraindicated in Cardiogenic Shock) + can also mask hypoglycemia sxs

(sweating is preserved tell)
○ Avoid non-selective BBs in Asthma (bronchoconstriction)

● ACEI = unproductive cough
● Pregnancy? = Nifedipine, Methyldopa, Labetalol, Hydralazine

● CCBs:
○ DHP CCBs = Amlodipine, Clevidipine, Nicardipine, Nifedipine, Nimodipine

■ Act on vascular smooth muscle
○ nDHP-CCBS = Verapamil, Diltaizaem

■ Act on heart
○ Mech:

■ Block voltage-dependent L-type CCBs of cardiac and smooth muscle → decreased muscle contractility
■ Vascular Smooth muscle = Amlodipine/Nifedipine > Dilt > Verapamil
■ Heart = Verapamil > Dilt > Amlodipine/Nifedipine

○ Use:
■ DHPs = HTN, angina (also vasospastic), Raynaud phenomenon
■ Nimodipine = Subarachnoid hemorrhage (cerebral vasospasm prevention)
■ Nicardipine, Clevidipine Hypertensive emergency/urgency
■ nDHPs = HTN, angina, Afib/Flutter

○ Sxs:
■ Gingival Hyperplasia
■ DHP = peripheral edema, flushing, dizziness
■ nDHP = cardiac depression, AV block, Hyperporlactinemia (Verapamil), Constipation

● Hydralazine:
○ Mech = increases cGMP → smooth muscle relaxation

■ Vasodilates Arterioles > veins
■ AFTERLOAD reduction

○ Use = severe HTN/acute, HF
■ Commonly given w/ BB to prevent reflex tachy
■ Safe in pregnancy

○ Sxs = compensatory tachycardia (contraindicated in angina/CAD), Fluid retention, HA, angina, drug-induced Lupus
(DILE)

● Hypertensive Emergency: tx w/ labelol, cleviprex, fenoldopam, nicardipine, nitroprusside
○ Nitroprusside:

■ Short acting Vasodilators (Arteries = Veins) = increases cGMP via direct release of NO
■ Cyanide Toxicity risk

○ Fenoldopam:
■ Dopamine D1 receptor agonist = coronary, peripheral, renal, splanchnic vasodilation

● Decreases BP, Increases Natriuresis
■ Can be used post-op as antihypertensive
■ Sxs = hypotension, tachycardia, flushing, HA, nausea

● Nitrates:
○ Nitroglycerin, Isosorbide Dinitrate, Isosorbide Mononitrate
○ Mech = vasodilate by increasing NO in vascular smooth muscle → increased cGMP and smooth muscle relaxation

■ Veins > > > Arteries (Decreasing preload)
○ Use = angina, ACS, pulmonary edema
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○ ADRs = Reflex tachycardia (Tx w/ BBs), Hypotension, flushing, HA, “Monday Dx” = industrial nitrate exposure

(development of tolerance for the vasodilating action during work week but loss of tolerance over weekend →
tachycardia, dizziness, HA upon reexposure)

○ Contraindications = right ventricular infar tion, hypertrophic cardiomyopathy, and concurrent PDE-5 inhibs
● Ranolazine:

○ Mech = inhibits late phase of inward sodium current thereby reading diastolic wall tension + oxygen consumption (NO
effect on HR or BP)

○ Use = refractory angina
○ ADRs = constipation, dizziness, HA, nausea

● Sacubitril:
○ Mech = neprilysin inhibitor; prevents degradation of bradykinin, natriuretic peptides, AngII, Substance P → increased

vasodilation + decreased ECF vol
○ Use = HFrEF
○ ADRs = Hypotension, Hyperkalemia, cough, dizziness
○ Contraindicated w/ ACEI due to Angioedema (both increase Bradykinin)
○ Often given as combo product w/ ARB (Valsartan)

Lipid Lowering Agents:
● Statins:

○ HMG-CoA Reductase Inhibitors = prevents production of Mevalonate (cholesterol precursor)
■ Decreased intrahepatic cholesterol, increased LDL receptor recycling, Increased LDL catabolism
■ Decreased mortality in pts w/ CAD

○ ADRs = Hepatotoxic, Myopathy (esp. If used w/ Fibrates or Niacin)
○     LDL
○  HDL
○  Trigs

● BAS: (Cholestyramine, Colestipol, Colesevelam)
○ Mehc = prevent intestinal reabsorption of Bile acids; liver must use cholesterol to make more
○ Sxs = GI upset, decreased fat absorption (ADEK loss)
○   LDL
○  HDL (slightly)
○  Trig (slightly)

● Ezetimibe:
○ Mech = prevents cholesterol absorption at small intestine brush border
○ Sxs = rare increase in LFTs, Diarrhea
○   LDL
○  HDL/none
○  Trig/none

● Fibrates: (Gemfibrozil, Fenofibrate)
○ Mech = activate PPAR-a → upregulates LPL → increased Trigs clearance (FFA can be stored)

■ Also induces HDL synth via PPAR-a



18
○ Sxs = Myopathy (increased risk w/ statins) + Cholesterol Gallstones (7a-Hydroxylase inhibition)
○  LDL
○  HDL
○    Trigs

● Niacin:
○ Mech = inhibits lipolysis (Hormone-Sensitive Lipase - HSL) in adipose tissue → reducing VLDL synth

■ Can’t mobilize fatty lipids from adipose tissue
○ Sxs = flushed face (PG mediated - decreased w/ NSAIDs and chronic use)

■ Hyperglycemia
■ Hyperuricemia

○   LDL
○   HDL
○  Trigs

● PCSK9 Inhibs: (Alirocumab, Evolucumab)
○ Mech = inactivation of LDL-receptor degradation → increased removal of LDL form blood
○ Sxs = myalgias, delirium, dementia, neurocognitive effects
○    LDL
○  HDL
○  Trigs

● Fish oil/ Omega-3 Fatty Acids:
○ Mech = decrease FFA delivery to liver + decrease activity of TG-synthesizing enzymes
○ Sxs = nausea, fish-like taste
○  LDL (slightly)
○  HDL (slightly)
○  Trigs (high levels)

● Digoxin:
○ Mech = direct inhib of Na/K ATPase → indirect inhibition of Na/Ca Exchanger → increased intracellular conc of Ca2+

→ increased contraction → Positive Inotropy
■ Stimulates vagus nerve → decreases HR (negative Chronotropy)

○ Use = HF (increased contractility); Afib (decreased conduction at AV node, and depression os SA node)
○ ADRs:

■ Cholinergic = nausea, vomiting, diarrhea, blurry yellow (halo) vision
■ Drugs that displace digoxin from tissue-binding sites, and decreased clearance

● Verapamil, Amiodarone, Quinidine
○ Antidote = slowly normalize K+, cardiac pacer, Anti Digoxin Fab Fragments, Mg2+

● Class I (Na+ channel Blockers)
○ Slow or block conduction (esp in depolarized cells)
○ Decreases slope of phase 0 depolarization
○ Increased action at faster HR
○ State dependent increase in HR → shorter diastole, Na+ channels spend less time in resting state (drugs dissociated

during this state) → less time for drug to sidosate from receptor
○ Effect most pronounced in IC > IA > IB due to relative binding strength
○ IA:

■ Quinidine, Procainamide, Disopyramide
■ Mech = moderate Na+ blockade

● Increased AP duration,  effective refractory period
(ERP) in ventricular AP,  QT interval, some K+
blocking effects

■ Sxs = Cinchonism (HA, tinnitus w/ quinidine), Reversible SLE
(procainamide), HF (disopyramide), Thrombocytopenia

● Thrombocytopenia
● Torsade de pointes = increased QT interval

○ IB:
■ Lidocaine, Phenytoin, Mexiletine
■ Mech = weak Na+ channel blockade

● Decreases AP duration
● Preferentially affect ischemic or depolarized purkinje +

ventricular tissue
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■ Use = Best for Post-MI, or digoxin induced arrhythmias

○ IC:
■ Flecainide, Propafenone
■ STRONG Na+ blockers

● Significantly prolongs ERP in AV node and accessory
bypass tracts (no effect on ERP in Purkinje + Ventricular
tissue)

● Minimal effect on AP duration
■ Sxs = proarrhythmic, especially post-MI (contraindicated)

● Contraindicated in Structural and Ischemic heart dx
● BBs (Class II):

○ Metoprolol, Propranolol, Esmolol, Atenolol, Timolol, Carvediolol
○ Mech = decrease SA and AV nodal activity via  cAMP,  Ca2+ currents

■ Suppresses abnormal pacemakers by  slope of phase 4
■ AV node particularly sensitive →  PR interval
■ Esmolol is very short acting

○ Sxs:
■ Impotence, exacerbation of COPD/asthma, Cardiovascular (bradycardia, AV block, HF), CNS  (sedation,

sleep alterations), Masks Hypoglycemia
■ Metoprolol = dyslipidemia
■ Propranolol can worsen vasospasm
■ BBs (except nonselective a and B antags - Carvedilol + Labetalol) cause unopposed a1-agonism if given

alone for pheochromocytoma or cocaine toxicity
○ OD? = tx w/ Saline, Atropine, Glucagon

● Class III (K+ channel blockers):
○ Amiodarone, Ibutilide, Dofetilide, Sotalol = (AIDS)
○ Mech = increase AP duration,  ERP,  QT interval
○ Sxs:

■ Stoalol = torsades de pointes, excessive Beta-blockade
■ Ibutilide = torsades
■ AMiodarone: (has Class I, II, III, IV effects)

● Pulmonary fibrosis
● Hepatotoxic
● hypo/hyperthyroidism
● Hapten (Corneal deposits, blue/gray skin deposit causing photodermatitis)
● Neurologic changes
● Constipation
● Bradycardia, Heart block, HF

● CCBs (IV):
○ Diltiazem, Verapamil
○ Decreases velocity,  ERP,  PR interval
○ Sxs = constipation, flushing, edema, HF, AV block, sinus node depression

● Others;
○ Adenosine:

■ Increases K+ out of cells → hyperpolarizing the cell and  ICa → decreasing AV node conduction
■ DOC for terminated PSVTs
■ Very short acting (15 sec)
■ Effects blunted by theophylline/ caffeine (both are adenosine receptor antagonists)
■ ADRs = flushing, hypotension, chest pain, sense of impending doom, bronchospasm

○ Magnesium:
■ Effect in torsades de pointes and digoxin toxicity

○ Ivabradine;
■ Prolongs slow depolarization (phase IV) by selectively inhibiting “Funny” sodium channels (If)
■ Use = chronic stable angina in pts who cannot take BBs, Chronic HFrEF

● Pts need higher HR to tolerate
■ Sxs = luminous phenomena/visual brightness, HTN, bradycardia
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