Hypertension Management: Comprehensive Diagnostic and Therapeutic Guidelines
Diagnostic and Treatment Targets for Hypertensive Patients with Comorbid Disorders
e Diagnostic Targets:

o %@ General population: BP <130/80 mmHg.

o \{Q, Patients with diabetes, chronic kidney disease (CKD), or coronary artery disease: BP <130/80 mmHg to reduce
cardiovascular risk and prevent target organ damage.

o %@ Elderly patients (>65 years): Individualized targets, often <140/90 mmHg, balancing benefits and risks of intensive

ContrOl . ‘ er:’c; ACC/AHA/ASH IHD
4 Treatment Goals . Not addressed | Not addressed

<60 yr 2140/90 | 2140/90
260 yr 2150/90

o @ Prevent complications such as stroke, myocardial infarction, and heart failure.

o @ Tailor therapy to address comorbidities (e.g., heart failure, CKD, diabetes) while minimizing drug interactions and

adverse effects . \ Consi fons for individualizi i tensive therapy Likely to have a favorable effect on symptoms in comorbid conditions
o Alpha blocker
Ce s (major improver

Antihypertensive drugs Benign prostatic
hyperplasia

dependent of blood pressure)

Major Drug Classes and Patient-Speciﬁc Considerations Essential tremor Beta blocker (noncardioselective)

Hyperthyroidism Beta blocker

ion | ACE inhibitor or ARB, beta blocker, aldosterone antagonist

ACE inhibitor or ARB Migraine Beta blocker, calcium channel blocker

Osteoporosis Thiazide diuretic

l.  Thiazide Diuretics:

Beta blocker

8eta blocker

Raynaud phenomenon Dihydropyridine calcium channel blocker

Atrial flutter rate control | Beta blocker, nondihydropyridine calcium channel blocker

O ’@ Mechanism: Reduce plasma volume by inhibiting sodium reabsorption in distal convoluted tubules.
© Indications: Effective for African Americans, elderly patients, and those with isolated systolic hypertension.
O ! Side Effects: Hypokalemia, hyponatremia, hyperglycemia, hyperuricemia.

O . Considerations: Avoid in gout or advanced CKD. —= unless on allopur: nol
2. Calcium Channel Blockers (CCBs):

O Z@ Mechanism: Inhibit calcium influx in vascular smooth muscle, leading to vasodilation.



O Indications: Effective in African Americans and for isolated systolic hypertension.

O |

! Side Effects: Peripheral edema, dizziness, constipation (non-dihydropyridines).

O . Considerations: Avoid non-dihydropyridines in heart block or heart failure with reduced ejection fraction (HFrEF).
3. Renin-Angiotensin-Aldosterone System (RAAS) Inhibitors:

O Angiotensin-Converting Enzyme (ACE) Inhibitors:

= 30 Mechanism: Block conversion of angiotensin I to angiotensin II, reducing vasoconstriction and aldosterone
release.

Side Effects: Dry cough, angioedema, hyperkalemia.

= Indications: Preferred in diabetes, CKD, and heart failure.

O Angiotensin IT Receptor Blockers (ARBs):
= Similar indications and benefits as ACE inhibitors but without cough.

O Aldosterone Antagonists (e.g., spironolactone):
. Used in resistant hypertension and heart failure.

4. Beta-Blockers:

AAS blockers new reaomwMAeA

* © Contraindications: Avoid in pregnancy and biateral-renal-artery-stenosis. R.K bilecterad, ennd sctery shemasis

Diuretics— Eplerenone

50-100

12 + Preferred agents in primary aldosteronism and
resistant

aldosterone

antagonists Spironolactone

. . . \-ada:ne:)
Side Effects: Hyperkalemia, gynecomastia. WWW’ \e «”

impo+encc

25-100

* Spironolactone associated with greater risk of
gynecomastia and impotence compared to
eplerenone

« Common add-on therapy in resistant hypertension

« Avoid use with K+ supplements, other K+-sparing
diuretics or significant renal dysfunction

- Eplerenone often requires twice daily dosing for
adequate BP lowering

U‘ALQ

ZO Mechanism: Decrease heart rate and cardiac output by blocking beta-adrenergic receptors.

© Indications: Secondary hypertension management, particularly in heart failure, angina, or post-myocardial

infarction.

O |

O . Considerations: Avoid in asthma and heart block.
5. Direct Vasodilators:

! Side Effects: Bradycardia, fatigue, depression, bronchospasm (in non-selective agents).

ard digbedfics

O  # Examples: Hydralazine, minoxidil.

O 0 Mechanism: Directly relax vascular smooth muscle.
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© /1 Side Effects: Reflex tachycardia, fluid retention. gl R relex

© . Considerations: Often combined with diuretics or beta-blockers to counteract compensatory mechanisms. | 4o
6. Centrally Acting Agents (e.g., clonidine, methyldopa): Clonidine

prasynaptic o-2 agonists ARAS Cardiec o e
s dai . (consciousness) Center (J\‘ %
O  3© Mechanism: Reduce sympathetic outflow. Respiratory Vasomotor Qi\é' |
) Center Center & V= WM & F"\g
. . . . reuptake '+, " ”‘wj
O Indications: Resistant hypertension, pregnancy (methyldopa). NEL

¢NE MAO  inactivates brug Class

Labetalol Combined alpha and beta
blocker

O ! Side Effects: Sedation, dry mouth, rebound hypertension upon abrup

Pharmacologic Mechanisms by Pathogenesis of Hypertension

Peripheral vasodilator

* #_ Volume Overload: Targeted by thiazide diuretics and aldosterone antagonists. H
i Increased Systemic Vascular Resistance: Addressed by CCBs, ACE inhibitors, ARBs, and vasodilators.

e | Calcium channel blocker

. Sympathetic Overactivity: Managed by beta-blockers and centrally acting agents.

Stepped-Care Approach in Hypertension e

1. Step 1: \= Lifestyle modifications (dietary sodium reduction, weight loss, exercise) with a single agent (e.g., thiazide diuretic,
ACE inhibitor, or CCB).
INITIAL TREATMENT RECOMMENDATIONS

2. Step 2: + Combine tWO ﬁrst_line agents from different Classes (e.g.’ ACE inhibitor + CCB). : In the absence of specific compelling indications: ACE-I or ARB, CCB, and thiazide diuretic.

General non-black population, including those with diabetes, initial pharm treatment should
include: ACE-l or ARB, CCB, and thiazide diuretic.
. ’ 1 M 5 = - * General black population, initial treatment should include: CCB and thiazide diuretic.
3. Step 3: g&J Triple therapy, often adding a diuretic or aldosterone antagonist. © Aot it (X0 T, el e s ACE o A3 > mprove iy otcomes
o Inall hypertensive patients, if goal BP is not reached within a month of initiating treatment, you may
(1) increase the dose of the initial drug OR (2) add a 2" drug from a different class OR

4. Step4: ~/ Referral to a hypertension specialist for resistant hypertension. () discontinue 1 dug and seectacrug from adfferen clss

5 & recommendations for treatment & follow-up ]

Drug Interactions i

Stage 1 hypertension
(BP 130-139/80-89

Stage 2 hypertension

mmitie) (BP =140/90 mm Hg)

* %> Beneficial: ACE inhibitors + thiazide diuretics (synergistic BP lowering).

Clinical atherosclerotic
CVD or estimated 10-y CVD
risk 210%*

rNo VeSj i

Nonpharmacologic
theray therapy & therapy &
Gt BP-lowering medication | | BP-lowering medicationt
(Class ) (Class 1)

Reassess in Reassess in
3-6 mo 1 mo
(Class 1) (Class 1)
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. ! Adverse: NSAIDs reduce efficacy of RAAS inhibitors; potassium-sparing diuretics increase risk of hyperkalemia with
ACE inhibitors.

Management of Newly Diagnosed Hypertension

*  Non-Pharmacologic: @ DASH diet, weight loss, increased physical activity, limiting alcohol intake.

*  Pharmacologic: € Initiate monotherapy with a first-line agent, adding medications based on BP response and comorbid
conditions.

Hypertensive Emergencies and Urgencies

*  Emergencies: E Require IV medications (e.g., nitroprusside, labetalol) to rapidly reduce BP.

*  Urgencies: z Managed with oral agents (e.g., clonidine, captopril) to gradually lower BP over 24-48 hours.

Comorbid Conditions and Antihypertensive Choices

39 Heart Failure: ACE inhibitors, ARBs, beta-blockers, aldosterone antagonists.
5?' CKD: ACE inhibitors or ARBs (unless contraindicated).
. @ Diabetes: ACE inhibitors/ARBs to protect against nephropathy.

ﬁ Pregnancy: Methyldopa, labetalol, or nifedipine; avoid ACE inhibitors and ARBs.

& Stroke: Gradual BP reduction with labetalol or nicardipine.

Population Subgroups

INITIAL TREATMENT RECOMMENDATIONS

. . . . ..
6 African Americans: ThlaZldGS, CCBs. e In the absence of specific compelling indications: ACE-l or ARB, CCB, and thiazide diuretic.

° (s 3) . P e General non-black population, including those with diabetes, initial pharm treatment should
4 Elderly CCBS’ th1a21des. include: ACE-I or ARB, CCB, and thiazide diuretic.

e General black population, initial treatment should include: CCB and thiazide diuretic.

e All patients with CKD and HTN, initial tx should include: ACE-I or ARB = improve kidney outcomes

e In all hypertensive patients, if goal BP is not reached within a month of initiating treatment, you may
(1) increase the dose of the initial drug OR (2) add a 2" drug from a different class OR
(3) discontinue 1%t drug and select a drug from a different class.



5 & recommendations for treatment & follow-up ]

[

Stage 1 hypertension
(BP 130-139/80-89

Stage 2 hypertension

(BP =140/90 mm Hg)

mm Hg)

. () Renal Failure: Adjust dosages of renally excreted drugs.

Clinical atherosclerotic
CVD or estimated 10-y CVD
risk 210%*

Non-Pharmacologic Modalities | v
(é‘;;asp{) BP-Iowe(r(\:r;agss 2 ‘ BP-Iowe;E\Igass 2
*  Diet: & DASH diet reduces BP by ~11 mmHg. ¥ -
*  Exercise: _«, Regular aerobic activity decreases BP by ~5-8 mmHg. [ o=l ] ol

*  Stress Management: /. Reduces sympathetic overactivity.

Indication or

Antihypertensive drugs
contraindication P 9

Compelling indications (major improvement in outcome independent of blood pressure)

Heart failure with ACE inhibitor or ARB, beta blocker, diuretic, aldosterone antagonist™
reduced ejection fraction

Postmyocardial infarction | ACE inhibitor or ARB, beta blocker, aldosterone antagonist

Proteinuric chronic ACE inhibitor or ARB
kidney disease

Angina pectoris Beta blocker, calcium channel blocker

Atrial fibrillation rate Beta blocker, nondihydropyridine calcium channel blocker
control

Atrial flutter rate control Beta blocker, nondihydropyridine calcium channel blocker

Likely to have a favorable effect on symptoms in comorbid conditions

Benign prostatic Alpha blocker

hyperplasia

Essential tremor Beta blocker (noncardioselective)
Hyperthyroidism Beta blocker

Migraine Beta blocker, calcium channel blocker
Osteoporosis Thiazide diuretic

Raynaud phenomenon Dihydropyridine calcium channel blocker

Contraindications

Angioedema Do not use an ACE inhibitor
Bronchospastic disease Do not use a non-selective beta blocker
Liver disease Do not use methyldopa

Pregnancy (or at risk for) Do not use an ACE inhibitor, ARB, or renin inhibitor (eg, aliskiren)

Second- or third-degree Do not use a beta blocker, nondihydropyridine calcium channel blocker
heart block unless a functioning ventricular pacemaker

Drug classes that may have adverse effects on comorbid conditions

Depression Generally avoid beta blocker, central alpha-2 agonist

Gout Generally avoid loop or thiazide diuretic

Hyperkalemia Generally avoid aldosterone antagonist, ACE inhibitor, ARB, renin
inhibitor

Hyponatremia Generally avoid thiazide diuretic

Renovascular disease Generally avoid ACE inhibitor, ARB, or renin inhibitor



Anti-Anginal Drugs

€. Nitrates

ZQ Characteristics and Pathogenesis:

*  Unstable Angina: Helps improve coronary blood flow and oxygen supply.

\ Mechanism of Action:

Dilates vascular smooth muscle (primarily venous dilation). I

*  Reduces preload and myocardial oxygen demand. a

Mildly decreases afterload and dilates coronary arteries to improve oxygen supply. < .
! Adbverse Effects:

Stable Angina: ﬁ Reduces oxygen demand by dilating veins and decreasing preload.

Vasospastic Angina: © Relieves coronary artery spasm by dilating coronary arteries.

pO, / Hgb coronary coronary 0,
micro- .
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Nitrates

a. Mechanism of Action
(1) dilation of epicardial coronary vessels
(2) venodilation
- decreases preload

- decreases ventricular filling pressures

- p. 4
o @D (Vs
PN &
*  Headache 3<, flushing *, tachycardia @ . 1 l
. . . . . /@ |2, e \

*  Tolerance (tachyphylaxis) if used continuously without a nitrate-free period. [ /‘ o

\ AL [ca"] 1
. Severe hypotension in patients with right ventricular (RV) MI or concurrent use of PDE-5 inhibitors. /! \\\

# Hemodynamic Actions:

*  Venous dilation reduces preload significantly. l G
*  Mild arterial dilation reduces afterload. G

v
Increased arterial
ial mViow

(Erection )




*  Coronary artery dilation improves myocardial oxygen supply. @ .

Effects on Myocardial Oxygen Consumption and Supply:

*  Decreases oxygen demand (reduced preload and afterlk&@j\l@osorbide dinitrate)
* ISMO & Imdur (isosorbide mononitrate)

*  Increases supply (coronary dilation). < Gs‘

@3 Actions on Arterial and Venous Circulation:

*  Predominantly venous dilation — reduces ventricular preload. o
*  Mild arterial dilation reduces afterload. a

=4 Routes of Administration, Biotransformation, and Excretion:

* Routes: Sublingual (rapid onset) < ~, oral (sustained) Q , transdermal (prolonged)
*  Biotransformation: Hepatic metabolism (first-pass effect for oral). 'f(
i Excretion: Renal. ()

f Onset and Duration of Action:

*  Sublingual: Onset in 1-5 minutes, lasts ~30 minutes. @
i Oral: Slower onset, lasts 4—6 hours. \/
i Transdermal: Onset ~30 minutes, lasts ~24 hours.

@ Dose Intervals and Tolerance:

b. Short-Acting Nitrates (Sublingual & Translingual NTG)

« immediate prophylaxis

« treatment of acute attack

NITRATES DOSAGE DUI.QATION O.NSEI' USUAL
FORM (minutes) | (minutes) DOSE
NTG SL 10-30 min 1-3min | 0.4-0.6 mg
NTG Translingual 10-30 min 2-4 min |0.4 mg/spray
NTG \Y 3-5 min 1-2 min_| 5 mcg/min
NITRATES DOSAGE DURATION O.NSET USUAL
FORM (hours) (minutes) DOSE
NTG SR capsule 4-8 hrs 30 min | 6.5-9mg g8h
NTG ointment 4-8 hrs 30 min | 0.5-2 in g6h
NTG patch B-l2wrs 30 min | 2.5-20mg qd
ISDN oral 2-6 hrs 15-40 min | 5-60mg g6h
(isosorbide) SR 4-8 hrs 15-40 min [40-80mg q8h
ISMO oral 3-6 hrs 30-60 min | 20mg bid
Imdur oral 8-12 hrs 30-60 min |60-120mg qd

* ISDN (isosorbide dinitrate)
* ISMO & Imdur (isosorbide mononitrate)

*  Continuous use (e.g., transdermal) leads to tolerance due to reduced vascular responsiveness. @

*  Solution: Nitrate-free intervals (10-12 hours/day). ()
’@ First-Pass Effect:

Note: Imdur
and NTG
patches are
dosed once

daily.




*  Sublingual Nitrates: Avoid hepatic first-pass metabolism, ensuring rapid action. - .
*  Oral Nitrates: Significant first-pass metabolism, requiring higher doses. Q

*  Transdermal Nitrates: Bypass first-pass effect, providing sustained plasma levels.
@ Beta-Blockers
’@ Characteristics and Pathogenesis:

*  Stable Angina: @ Reduces myocardial oxygen demand by lowering heart rate and contractility.
*  Unstable Angina: Prevents reflex tachycardia from nitrates.
*  Vasospastic Angina: © Not typically used for this type.

. Mechanism of Action:

*  Reduces heart rate, contractility, and blood pressure, thereby decreasing myocardial oxygen demand. Q
*  Prevent reflex tachycardia from nitrates. x
! Adverse Effects:

° Bradycardia s , fatigue (;Z , cold extremities @ .
i Exacerbation of asthma or COPD (non-selective beta-blockers). - .
*  Masking of hypoglycemia symptoms in diabetic patients. @

Hemodynamic Actions:

o Decrease afterload (via blood pressure reduction). O

*  No significant direct effects on preload or coronary blood flow. ()



Effects on Myocardial Oxygen Consumption and Supply:
*  Reduces oxygen demand by decreasing heart rate, contractility, and blood pressure. Q
\J?r Actions on Arterial and Venous Circulation:

*  Primarily reduce cardiac work but no significant vascular effects. g

=4 Routes of Administration, Biotransformation, and Excretion:

N Routes: Oral or IV. Q #

Metabolism: Hepatic (some are renally excreted, e.g., atenolol). :f(
__.”:' Onset and Duration of Action:

Onset: Varies (30 minutes to hours); duration depends on the half-life (e.g., atenolol ~6 hours). f
’O First-Pass Effect:

*  Minimal first-pass effect for most oral beta-blockers.

‘ Calcium Channel Blockers (CCBs)

Mechanism of Action

1 Characteristics and Pathogenesis: « calcium channel blockers inhibit calcium entry in

myocardial and smooth muscle

*  Stable Angina: 9 Improves coronary blood flow by dilating arteries. X“# ~ dilation of coronary vessels
*  Unstable Angina: <~ Helps reduce myocardial oxygen demand. 1\‘“.;3(‘ > relief of vasospasm in vasospastic angina
. . a . . \4 -> ipheral ial ilation - fterl
*  Vasospastic Angina: g Effective in treating coronary artery spasm. o peripheral arterial vasodilation l afterload
Q . . .‘,’-v‘ A {9 negative inotropic effect (esp. verapamil) similar
W Mechanism of Action: 8‘\,( (.r to beta-blockers
0



*  Dihydropyridines (e.g., amlodipine): [ Peripheral and coronary vasodilation — reduce afterload and improve coronary
oxygen supply.
*  Non-Dihydropyridines (e.g., verapamil, diltiazem): % Reduce heart rate and contractility.

! Adverse Effects:
whedipint
. periphera N L oins
*  Dizziness (g, headache (-2, hypotension a eAc'o’«-a awm‘”“‘fi
*  Non-DHP CCBs: /. Worsened heart failure in reduced ejection fraction (HFrEF), consti f"-‘(" o=

Hemodynamic Actions:

(V¢f°l’°"""l>

*  DHP CCBs: Peripheral vasodilation reduces afterload and improves coronary blood flow. < .
*  Non-DHP CCBs: Decrease myocardial oxygen demand via reduced heart rate and contractility. Q
Effects on Myocardial Oxygen Consumption and Supply:

*  DHP CCBs: Increase oxygen supply (coronary vasodilation). LAY
*  Non-DHP CCBs: Reduce oxygen demand (negative inotropy and chronotropy). a

{5 Actions on Arterial and Venous Circulation:

*  DHP CCBs: Arterial dilation — significant reduction in afterload. a
*  Non-DHP CCBs: Minor arterial effects. {(p .,ng_)

=4 Routes of Administration, Biotransformation, and Excretion:

. Routes: Oral or IV. \\,
*  Metabolism: Hepatic via CYP enzymes. Q’

i Excretion: Renal and fecal. ()
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Onset and Duration of Action:

Immediate-release: Rapid onset (~1 hour), lasts 4-6 hours. @
Sustained-release: Longer duration. £
First-Pass Effect:

Oral CCBs: Significant first-pass metabolism, requiring higher doses.
Sodium Channel Blockers (e.g., Ranolazine)
Characteristics and Pathogenesis:

Stable Angina: [ Reduces diastolic wall tension, improving myocardial efficiency.
Unstable Angina: Not typically used for acute management.
Vasospastic Angina: © Not typically used.

Mechanism of Action:

Inhibits late sodium currents, reducing intracellular calcium overload and diastolic wall tension. &&

Adverse Effects:

QT interval prolongation f .
Dizziness (:3), constipation ] .

Hemodynamic Actions:

No significant hemodynamic effects but reduces diastolic wall tension.

Ranolazine (Ranexa) — Sodium-Channel Inhibitor

* MOA: inhibits the late phase of the Na current (Late I,)
- reduces intracellular Na & Ca - improves diastolic
function > decreases O, demand - decreases angina

* used alone or in combination w/ other traditional meds

» most often used in patients who have failed other anti-
anginal meds

» extensively metabolized by liver - source of drug-drug
interactions: i.e., inducers (phenytoin) and inhibitors
(antifungals) of Cytochrome P450 enzyme system

» SE: constipation, headache, edema, dizziness, QT
interval prolongation




Effects on Myocardial Oxygen Consumption and Supply:

*  Improves efficiency of oxygen utilization. &

\ﬁﬁ Actions on Arterial and Venous Circulation:

i No significant effects on arterial or venous circulation. ®

=4 Routes of Administration, Biotransformation, and Excretion:

/\ clv‘u-g— 4.-‘.,5

¢ Metabolism: Hepatic via CYP3A4/2D6” ¥ it Cracstiens
i Excretion: Renal and fecal. ()
f Onset and Duration of Action:
v

* Onset: ~2 hours, duration ~12 hours (sustained-release). I

’O First-Pass Effect:

*  Oral: Hepatic first-pass metabolism.

Treatment Algorithm for Improving Symptoms in Stable Angina

Sublingual

Stable Ischemic Heart Disease = Angm;:es!er:{: foms == nitroglycerin for
immediate relief
l Note: beta blockers (BB) are 1st-line
Guideline-directed medical agents in angina pectoris
therapy including emphasis on _—
lifestyle modifications for B-blocker

cardiovascular risk reduction Ifinadequate relief

Beta Blocker after titration

(e.g. metoprolol)
ADD

l ADD

Calcium Channel Blocker Calcium channel

(e.g. diltiazem) blocker OR  Long-acting nitrate
Long-Acgsg Nitrate B ' Ifinadequate relief
(Imdur, NTG patch) ADD
lADD l
Ranolazine

Ranolazine




Antiplatelets/ACS ———3 5ee nesl paj=

@ Differentiate between unstable angina, non-ST-elevation myocardial infarction (NSTEMI), and ST
elevation myocardial infarction (STEMI)

. uj& Unstable Angina:

NSTE-ACS
UA NSTEMI o ): Characteristics: Chest pain that occurs at rest or with minimal exertion. It is more severe and prolonged than
stable angina and is unpredictable. There is no permanent damage to the myocardium.
nocell somecell o }@ Pathophysiology: Caused by the rupture of an atherosclerotic plaque, leading to platelet aggregation and partial

death death

/

no increased © 7 ECG: Typically normal or shows nonspecific ST-segment depression or T-wave inversion.
troponin troponin

thrombus formation, reducing blood flow intermittently.

o 4 Biomarkers: No significant elevation of cardiac biomarkers like troponin.
. NSTEMI:

o ): Characteristics: A type of heart attack where there is partial blockage of a coronary artery, leading to reduced
oxygen supply to the heart muscle. The pain may be severe and persistent, and there may be evidence of heart muscle

injury.
o 1@ Pathophysiology: Similar to unstable angina but with some myocardial damage due to more prolonged ischemia.
o 7 ECG: May show ST-segment depression or T-wave inversion.

o 4 Biomarkers: Troponin levels are elevated, indicating myocardial injury.
« @ STEMI:

o oC Characteristics: Full blockage of a coronary artery, leading to significant damage to the heart muscle.

o ’@ Pathophysiology: A complete rupture of an atherosclerotic plaque with thrombosis leading to total occlusion of a
coronary artery. The lack of blood flow leads to myocardial infarction.

o 7 ECG: ST-segment elevation in leads corresponding to the affected region of the heart.



ACUTE CORONARY SYNDROME (ACS)

 ACS incudes unstable angina (UA) and acute Patient Assessment With Suspected ACS
myocardial infarction (AMI). g =
AMI is divided into: re s A W H
by [} CPR/shock
1) STEMI: ST segment elevation Ml
‘) 9 w A 4 FE
(2) NSTEMI non_ST Segment MI () Normal ECG ST depression (mild) ST depression |ST elevation
oty - /] + [ frer
e NSTE-ACS (Non-ST segment elevation-ACS) . Topmn
(within
includes: (1) UA and (2) NSTEMI: Lotk
Triage decision Rule-out MI
e NSTEMI: There is partial thrombotic occlusion | st Noncardlac Unstable Ottr st svew_
NSTE-ACS . . Image courtesy of Twerenbold R, et al. J Am Coll Cardiol, 2017;70(8):996-1012.
and the presence of biomarkers (troponins) P e Tral Hhrembetic
UA NSTEMI ) ] ] o Fbeinalysis e e, siomn > @O (5
va occlusiewnn —2 h
associated with necrosis of myocardial fibers. — 54 +roponin
nocell some cell ] ] o - BN\GSTEMI) '
death delath e Unstable Anglna (UA) There is sufficient E ﬁ#z;gﬁﬁlglargﬁlmffarcti‘on, eg STSEMI
S 200 [:7M Troponin (small infarction, e.g. NSTEMI
no increased coronary blood flow to sustain myocardial cells 2 | o
troponin troponin £
and prevent necrosis - absence of troponins. 3 |
N B2(nsTeM)
e STEMI: There is total and persistent thrombotic RN/ NS Y111
0 1 2 3 4 5 6 7 8
occlusion = necrosis of myocardial fibers Days atter onset of AMI
- elevated trOponin EMS assessment and care and hospital preparation*
e STEMI is a medical ? }f W 1 (‘
emergency requiring ,,,fsff”"“ | S T e
w .
|mmed|ate |ntervent|on Wlth ConcurrentED/Cath Lab fTEMl’_‘PQ| Immediate ED general/Cath “{'CHS'VQ

assessment (<10 minutes) Lab treatment
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(2) non-pharmacologic | T - :

ECGInterpretatlon** Continous Monitoring:

interventions (PCl & A l \ ECG and serial troponins
®
CABG). ”*“"‘&‘:F'SRPN;?ZJ.?“ B / (Lo et aAs| "//
Start adjunctive therapie: PCI Consider admission to ED chest pain unit
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of symptoms. RN . EREEEE
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e NTG (s L/IV) :
e Morphine @
¢ Beta Blockers —
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o ACEi / ARB : - me— P noninvasive imaging or  |d
+ ( ) side d physiologictesting?
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. Door-to-needle {fibrinalysis) —'Fbr"“l 5is Admitto monitored bed. Assessrisk status. Continue
o Stat| ns goal of 30 minutes 7 ASA, heparin, and other therapies asindicated
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o # Biomarkers: Significant elevation of troponin and other cardiac enzymes.

-7 Identify ECG changes and biomarkers (e.g., troponin) associated with the diagnosis of acute coronary
syndrome (ACS)

. 2 ECG Changes:

o ng, Unstable Angina: May show nonspecific ST-segment depression or T-wave inversion but typically no significant
changes in comparison to baseline.

o NSTEMI: ST-segment depression and T-wave inversion are commonly seen.
o @ STEMI: Prominent ST-segment elevation is the hallmark of STEMI, localized to specific regions of the heart.
. ;ﬁf Biomarkers:

o 4 Troponin: Troponin is a key biomarker for diagnosing myocardial injury. It is released when myocardial cells are
damaged and is elevated in both NSTEMI and STEMI but remains normal in unstable angina.

o & Other Biomarkers: CK-MB and myoglobin may also be elevated, but troponin is more specific to myocardial
injury.

3@ Describe the pathophysiology involved in ACS

. 3@ Pathophysiology: ACS is characterized by the rupture of an atherosclerotic plaque in a coronary artery, leading to

thrombosis and partial or complete occlusion of the artery. This disrupts blood flow to the heart muscle, resulting in ischemia
and varying degrees of myocardial injury. The thrombus can form acutely, causing unstable angina or complete occlusion,
leading to NSTEMI or STEMI.

3% Describe the secondary complications associated with ACS



. Arrhythmias: Common in the acute phase of STEMI, particularly ventricular arrhythmias like ventricular tachycardia or
fibrillation, which can be life-threatening.
. @ Heart Failure: Results from significant myocardial injury or loss of contractile tissue. —> puwp Faidure

. ! Cardiogenic Shock: Occurs when the heart is unable to pump effectively, often due to large infarctions.
. gf‘; Pericarditis: Inflammation of the pericardium may occur post-infarction.

. ’:\ Mechanical Complications: Rupture of the heart wall, papillary muscle rupture, or septal defects can occur, especially in
STEMI.

Q Describe the primary and secondary treatment strategies for NSTEMI, STEMI, and unstable angina

RAAS /2 Unstable Angina:
l

Anj-'nd’l asin IC
o € Primary Treatment: Antiplatelet therapy (e.g., aspirin, P2Y12 inhibitors), nitrates for pain relief, beta-blockers to

vasecsustriction reduce oxygen demand, and anticoagulants.

Raldesterone o 7 Secondary Treatment: Coronary angiography for possible PCI if indicated, lifestyle modifications, and long-term
Wl{ o antiplatelet therapy.

Fetentio NSTEMI:
total pesighecsl

res T'M“ o Q_ Primary Treatment: Similar to unstable angina but with the addition of more aggressive anticoagulation and

' "‘/wwzl consideration for early PCI if indicated.

0, demen

o 7 Secondary Treatment: Antiplatelet therapy, beta-blockers, ACE inhibitors, statins, and possible CABG if the
coronary anatomy requires.
« @ STEMI:

o ’\\ Primary Treatment: Immediate PCI (if available within 90 minutes) or fibrinolysis if PCI is not feasible.

o 7 Secondary Treatment: Dual antiplatelet therapy (DAPT) with aspirin and P2Y 12 inhibitors, beta-blockers, ACE
inhibitors, statins, and aldosterone antagonists.




‘ Discuss the role of PCI and fibrinolytics in the management of STEMI, including the risks and benefits
associated with timing and complications

. PCI:
o [l Benefits: PCI restores blood flow rapidly, improving outcomes, especially when performed within the first 90
minutes of symptom onset.
o I Risks: Bleeding, vascular complications, contrast-induced nephropathy, and restenosis.
*  # Fibrinolytics:
o [l Benefits: Can be used when PCI is not available or when time to PCI exceeds 90 minutes. It can dissolve the

thrombus and restore flow. and angice dema

o ! Risks: Increased bleeding risk, including intracranial hemorrhage. Contraindicated in patients with recent surgery,
active bleeding, or history of hemorrhagic stroke.

7 Discuss the inclusion and exclusion criteria of fibrinolytics

. G Inclusion Criteria:
o) @ STEMI with symptoms lasting 30 minutes to 12 hours.
o % Chest pain consistent with ACS and ECG findings of STEMI (ST-segment elevation).

. 6 Exclusion Criteria:

o Active bleeding, hemorrhagic stroke, recent surgery, or major trauma.
o  History of intracranial hemorrhage or any significant bleeding disorder.

g Pa‘("icw‘f's a“‘h‘CoQﬂw(‘{"l on we farin (1N2>I.7) and DoACs
€. Describe the pharmacologic mechanisms of action, contraindications, adverse effects, and risk factors

COPE*‘L‘.‘I .-‘.vqwoxabaa) wt“Hﬂ""\ 8 hours .

associated with the use of fibrinolytics, anticoagulants, and antiplatelet agents in the treatment of ACS



*  # Fibrinolytics (e.g., alteplase):

o) 30 Mechanism of Action: Activate plasminogen to plasmin, which breaks down fibrin clots.

o ! Adverse Effects: Bleedlng co Jphcations , including intracranial hemorrhage, hypotension.
ema
o © Contralndlcatlons Actlve bleedmg, history of stroke, recent major surgery, or trauma. T ——

. ‘ Anticoagulants (e.g., heparin):

o ZQ Mechanism of Action: Inhibit thrombin formation, preventing clot propagation.
o ! Adverse Effects: Bleeding, thrombocytopenia. (HLT)
o ® Contraindications: Active bleeding, severe hypertension, recent stroke.

* ~# Antiplatelet Agents (e.g., aspirin, P2Y 12 inhibitors):

o }0 Mechanism of Action: Inhibit platelet aggregation by blocking various pathways such as COX-1 (aspirin) or ADP
receptors (P2Y 12 inhibitors).

o ! Adverse Effects: Bleeding, gastrointestinal irritation, allergic reactions (e.g., aspirin-induced asthma).

o (© Contraindications: Active bleeding, hypersensitivity, gastrointestinal ulcers.

30 Discuss the preventative measures used to prevent reocclusion in coronary circulation following
reperfusion with PCI or fibrinolytic therapy imgt : 2% hours after Fibrindlysis .

* € Dual Antiplatelet Therapy (DAPT): Aspirin and P2Y 12 inhibitors (e.g., clopidogrel, ticagrelor) are used to prevent
platelet aggregation and rethrombosis.

. ‘ Anticoagulants: Heparin or low molecular weight heparin may be used during PCI to prevent clot formation.

. % Statins: Statins are used to stabilize atherosclerotic plaques and reduce future events.



@ Describe the therapeutic actions and benefits of beta-blockers, nitrates, RAAS blockers, statins,
aldosterone antagonists, analgesics, and other supportive agents in ACS

. € Beta-Blockers: Reduce heart rate, myocardial oxygen demand, and the risk of arrhythmias.

* — .~ Nitrates: Relieve chest pain by decreasing preload and afterload.

. 3@ RAAS Blockers (e.g., ACE inhibitors): Prevent cardiac remodeling and improve long-term outcomes.
. ) Statins: Lower cholesterol and stabilize plaques to reduce future events.

. [@ Aldosterone Antagonists: Improve outcomes in heart failure following STEMI.

* Lp~ Analgesics: Morphine for pain relief and reducing sympathetic nervous system activation.

., Discuss the short-term and long-term mortality and morbidity benefits of the pharmacologic agents used

in the management and treatment of ACS

. @ Short-term benefits: Reduction in mortality from arrhythmias, prevention of reocclusion, pain relief, and stabilization of
myocardial function.
. Long-term benefits: Prevention of recurrent infarction, reduction of heart failure progression, and improvement in overall

cardiovascular health through medications like statins



Hyperlipidemia Management

1. TE' Mechanism of Action of Statins

*  Statins inhibit HMG-CoA reductase, the key enzyme in cholesterol synthesis.

e This leads to reduced hepatic cholesterol production, upregulating LDL receptors.

e Increased LDL receptor expression enhances LDL clearance from the bloodstream.

*  Impact on LDL: Statins lower LDL cholesterol (LDL-C) by 30-50% .

*  Common Side Effects: Myopathy, increased liver enzymes, and, in rare cases, rhabdomyolysis.

2.1 | Role of Ezetimibe in Cholesterol Absorption

*  Mechanism: Inhibits NPC1L1 transporter, reducing dietary cholesterol absorption in the intestine.
*  Use in Combination: Often used with statins to further lower LDL-C (~15-20%) when statin monotherapy is insufficient.

3. # PCSKY9 Inhibitors and LDL Clearance

*  Mechanism: Monoclonal antibodies that block PCSK9, preventing LDL receptor degradation.
*  Effect: Increases LDL receptor availability, leading to enhanced LDL clearance.
e Indications: Used in high-risk hyperlipidemia, including familial hypercholesterolemia and statin-intolerant patients.

4. Bile Acid Sequestrants

. Mechanism: Bind bile acids in the intestine, preventing their reabsorption.
e Effect: Increases bile acid synthesis from cholesterol, leading to reduced LDL-C.
. Gastrointestinal Side Effects: Constipation, bloating, and nausea.

5. )L Fibrates and PPAR-Alpha Activation

. Mechanism: Activate PPAR-alpha, increasing lipoprotein lipase (LPL) activity.
*  Effect: Reduces triglycerides (T'G) and increases HDL-C.

*  Indications: Used in hypertriglyceridemia and mixed dyslipidemia.

*  Risks: Gallstones, myopathy (especially with statins).



6. (J: Niacin and Its Effects on Lipids

*  Mechanism: Inhibits hepatic VLDL production, reducing LDL-C and triglycerides.
e Effect on HDL: Increases HDL cholesterol by reducing its catabolism.

7. <2« Omega-3 Fatty Acids in Triglyceride Reduction

*  Effect: Lower hepatic triglyceride synthesis.
*  Indications: Used in severe hypertriglyceridemia.
*  Risks: Bleeding tendency (especially in high doses).

8. Il Current Guidelines for Lipid Management

e LDL-C Targets:
o  High-risk patients (ASCVD): <55 mg/dL
o  Moderate-risk patients: <70 mg/dL
e Triglyceride Targets:
o  Normal: <150 mg/dL
o  Severe Hypertriglyceridemia: >500 mg/dL (increased risk of pancreatitis).



% Heart Failure with Reduced Ejection Fraction (HFrEF) vs. Heart Failure with Preserved Ejection
Fraction (HFpEF)

HFTrEF (Systolic HF): Characterized by a reduced ejection fraction (<40%), often due to myocardial dysfunction caused by
ischemic heart disease, hypertension, or cardiomyopathy. It involves decreased contractility and cardiac output, leading to
compensatory mechanisms like SNS activation and RAAS overactivity, which ultimately worsen cardiac remodeling.

HFpEF (Diastolic HF): Ejection fraction is preserved (>50%), but there is impaired ventricular relaxation and increased filling
pressures. It is often associated with aging, obesity, hypertension, and diabetes. Management focuses on controlling
comorbidities and symptoms rather than targeting contractility.

Q Mechanisms of Action and Adverse Effects of Drugs in Heart Failure Management

1.

ACE Inhibitors (ACEIs) & ARBs:

0 MoA: Reduce angiotensin II levels, leading to vasodilation, reduced preload and afterload, and decreased cardiac
remodeling.
o0 Adverse Effects: Hyperkalemia, renal dysfunction, dry cough (ACEIs), angioedema.
Beta-Blockers:

0  MoA: Decrease SNS overstimulation, slow heart rate, reduce myocardial oxygen demand, and prevent remodeling.
o Adverse Effects: Bradycardia, fatigue, worsening acute decompensated HF if not used appropriately.
Diuretics:

0 MoA: Reduce fluid overload by increasing sodium and water excretion, alleviating pulmonary congestion and edema.
o0 Adverse Effects: Electrolyte imbalances, hypotension.
Aldosterone Antagonists:

0 MoA: Block aldosterone effects, preventing sodium retention and myocardial fibrosis.
o0 Adverse Effects: Hyperkalemia, gynecomastia (spironolactone).
Vasodilators (Hydralazine & Isosorbide Dinitrate):

0 MoA: Reduce afterload (hydralazine) and preload (isosorbide dinitrate).
o0 Adverse Effects: Headaches, hypotension, drug-induced lup@yérchzin)
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6. Neprilysin Inhibitor (Sacubitril/Valsartan - ARNI):

,,,,,,

0  MoA: Enhances natriuretic peptide levels while blocking RAAS
o Adverse Effects: Hyperkalemia, hypotension, angioedema.
7. Digoxin:

uuuuuuuu

O  MoA: Inhibits Na+/K+ ATPase, increasing intracellular Ca2+ and enhancing myocardial contractility.
o0 Adverse Effects: Bradycardia, arrhythmias, nausea, digitalis toxicity.
8. Inotropic Agents (Dobutamine, Milrinone - PDE Inhibitors):

O MoA: Increase cardiac contractility and output in acute decompensated HF.
0 Adverse Effects: Arrhythmias, hypotension.

Q Role of Adrenoceptor Agonists, Antagonists, Vasodilators, Diuretics, and ACEIs in Acute and Chronic
HF

*  Adrenoceptor Agonists (Dobutamine, Milrinone): Used in acute decompensated HF to improve cardiac contractility.

*  Adrenoceptor Antagonists (Beta-Blockers - Carvedilol, Metoprolol, Bisoprolol): Used in chronic HF to reduce mortality
and prevent disease progression.

J Vasodilators (Hydralazine/Isosorbide Dinitrate): Used in patients intolerant to ACEIs/ARBs or with African American
ethnicity.

*  Diuretics (Loop - Furosemide, Bumetanide, Torsemide): Used for symptomatic relief of congestion.

. ACEIs/ARBs: First-line agents in chronic HF to reduce afterload, improve cardiac function, and decrease mortality.

@ Effects of Beta-Blockers and ACEIs on Cardiac Function and Ventricular Remodeling

*  Beta-Blockers: Prevent SNS-induced myocardial stress, slow HR, reduce arrhythmias, and reverse maladaptive cardiac

remodeling. and preloadd
*  ACEIs/ARBs: Decrease afterload, prevent fibrosis, reduce LV hypertrophy, and improve myocardial efficiency.

g?‘; Effects of Digoxin on Myocardial Contractility and Conducting Tissue

* Increases myocardial contractility: By inhibiting Na+/K+ ATPase, leading to higher intracellular Ca2+.
*  Slows conduction through the AV node, making it useful in atrial fibrillation.



. Risk of digitalis toxicity, which can cause bradycardia, vision disturbances, and arrhythmias.

:f,' Use of Digoxin in Congestive HF and Atrial Arrhythmias

In HF: Not a first-line therapy; used for symptomatic relief in HFrEF when standard treatment is inadequate.
In Atrial Arrhythmias: Helps control ventricular rate in atrial fibrillation/flutter by slowing AV nodal conduction.

Positive Inotropic Effects of -Adrenoceptor Agonists and Phosphodiesterase Inhibitors (PDE)

() Use of Atrial Natriuretic Peptide Agonists in Acute Severe HF

f-Adrenoceptor Agonists (Dobutamine): Increase cAMP, enhancing Ca2+ influx and myocardial contractility.
PDE Inhibitors (Milrinone): Prevents cAMP breakdown, increasing contractility and vasodilation.

*  Neprilysin Inhibitors (Sacubitril/Valsartan): Increase natriuretic peptide levels, promoting vasodilation and natriuresis.

e  Used in HF resistant to conventional therapy to improve outcomes in severe HF cases.

lil MOA, Benefits and Risks of HF Medications

Medication Mechanism of Action Benefits

Reduce SNS activity, slow HR, prevent

Beta-Blockers ekl ‘ O demman d

Reduce mortality, prevent remodeling

Digoxin Inhibits Na+/K+ ATPase, increases Enhances contractility, slows AV

g Ca2+ — T comtractility conduction
i e Inhibit RAAS, reduce afterload awd Reduce afterload, prevent remodeling
ARBs Prg\oq.é rq_l“g Pl‘glo“A
Neprilysin Increase natriuretic peptides, block o
Inhibitors RAAS L; A"\/P, BN P Improve survival in HFrEF
Vasodilator: Reduce preload/afterload Benefit in Afrlcan RRNERESNS, Impave
Hydralazina [Isesorbide hemodynamics
Aldoster?ne Block aldosterone, prevent fibrosis Prevent fibrosis, reduce mortality
Antagonists

Risks
Bradycardia, hypotension

Digitalis toxicity,
arrhythmias

Hyperkalemia, angioedema

Hypotension, angioedema

 witrde G sesarbida)
Headache, lupus-like

reaction Gohydrelaz ine
Hyperkalemia, (spironelactons [epral anons)
gynecomastia (spirous lactams)



Diuretics Increase sodium/water excretion Symptom relief by reducing congestion

Heart Failure Pharmacological Management Algorithm (Easy Study Format)

Start: Patient with Heart Failure

Q Stage A — At Risk for Heart Failure

f Criteria:

*  No structural heart disease or symptoms but high risk (HTN, diabetes, smoking).
« Management:

Control BP (antihypertensive therapy).
Diabetes management (SGLT?2 inhibitors if T2DM).
Lifestyle changes (smoking cessation, diet, exercise).

=% Next Step: Monitor for progression to structural heart disease.

Q Stage B — Structural Heart Disease (No Symptoms)

f Criteria:

Electrolyte imbalance,
hypotension

. LVD (Left Ventricular Dysfunction), prior MI, or other structural abnormalities without symptoms.



Q Management:

ACE inhibitor (Lisinopril) OR ARB (Losartan).

Beta-Blocker (Carvedilol, Metoprolol succinate) (especially post-MI).
Manage comorbidities (HTN, diabetes).

=% Next Step: Regular follow-up for symptom development.

Q Stage C — Symptomatic Heart Failure (NYHA Class I1-1V)

f Criteria:

e Structural heart disease with NYHA Class II-IV symptoms.
Q Management:

NYHA Class II-IIT (Mild-Moderate Symptoms)

Preferred: ARNi (Sacubitril/Valsartan) over ACEi/ARB.

Beta-Blocker (Bisoprolol, Carvedilol, Metoprolol succinate).

Aldosterone Receptor Antagonist (ARA) (Spironolactone, Eplerenone) if LVEF =< 40% and renal function allows.
SGLT2 Inhibitor (Dapagliflozin, Empagliflozin) regardless of diabetes status.

Loop Diuretics as needed for symptom relief.

NYHA Class IV (Severe Symptoms)



Initiate ARNi (Sacubitril/Valsartan).
Continue Beta-Blocker if tolerated.
Aggressive Loop Diuretics for fluid overload.

= Next Step: Monitor response to therapy and adjust medications.

Q Stage D — Advanced Heart Failure (Refractory Symptoms)

f Criteria:

*  Persistent, severe symptoms despite optimal medical therapy.
Q Management:
Maximize GDMT (Guideline-Directed Medical Therapy).
Consider advanced therapies:

. Heart transplant evaluation.
*  Mechanical circulatory support (LVAD).
*  Palliative care options if appropriate.

=% Next Step: Multidisciplinary team approach for comprehensive care.

€9 Summary of Algorithm

. Stage A: Risk factor modification, BP and diabetes control.

*  Stage B: ACEi/ARB + Beta-Blocker for structural heart disease without symptoms.
e Stage C: ARNi + Beta-Blocker + ARA + SGLT?2i tailored to NYHA classification.
e Stage D: Consideration of heart transplant, LVAD, or palliative care.



). 4 Algorithm for Adding Additional Medications (Ivabradine, Digoxin) to GDMT in
HFrEF

Step 1: Start with First-Line GDMT

of Al patients with HFrEF (EF <40%) should be on:

ARNI (Sacubitril/Valsartan) OR ACEI/ARB (if ARNI not tolerated).
Beta-Blocker (Carvedilol, Metoprolol Succinate, Bisoprolol).
SGLT?2 Inhibitor (Dapagliflozin, Empagliflozin).

Aldosterone Antagonist (Spironolactone, Eplerenone).

Step 2: Assess for Persistent Symptoms or NYHA Class Progression

Q Does the patient still have symptoms (NYHA Class II-1V) despite GDMT?
Q Yes — Proceed to Step 3
Q No — Continue monitoring & optimize GDMT

Step 3: Identify the Clinical Scenario and Add Medications as Needed

O When to Add Ivabradine?

Indications:



*  HFrEF (EF <35%)
e NYHA Class II-111
*  Sinus Rhythm with HR =70 bpm on max-tolerated Beta-Blocker

© Contraindications:

*  Decompensated HF
e HR <60 bpm
*  SA Block, 3rd-degree AV Block

G When to Add Digoxin?

Indications:

*  Persistent symptoms despite optimal GDMT
e Recurrent HF hospitalizations
. HF + Atrial Fibrillation (for rate control)

@ Contraindications:

*  Bradycardia or AV Block
. Renal failure (Risk of Digoxin toxicity)
*  Ventricular Arrhythmias

X Final Checkpoint Before Adding Medications

/ Is GDMT optimized (ARNI, BB, SGLT2i, MRA)?
V/ Is the patient still symptomatic despite GDMT?

V/ Does the patient meet the criteria for Ivabradine or Digoxin?

Q If YES — Add therapy & monitor HR, BP, electrolytes, renal function Q



Antiarrhythmic Drugs

@; 1. Classification of Antiarrhythmic Drugs (Vaughan-Williams System)

. e Class I (Sodium Channel Blockers)
o  IA: Procainamide, Disopyramide, Quinidine
o  IB: Lidocaine, Mexiletine "¢ £
o IC: Flecainide, Propafenone G U

@ Class II (Beta-Blockers): Metoprolol, Esmolol, Propranolol X, ®

@ Class IV (Calcium Channel Blockers): Verapamil, Diltiazem A [=]
@ Miscellaneous: Adenosine, Digoxin @ ¢

2. Electrophysiological Effects of Antiarrhythmic Drugs

e Class I: Blocks Na+ channels — affects:ll:z_lase 0 depolarization
* @ Class I1: Blocks [-receptors — reduces sympathetic activity, slows Phase 4 depolarization

. Class III: Blocks K+ channels — prolongs Phase 3 repolarization

* @ Class I'V: Blocks Ca2+ channels — slows AV node conduction, prolongs action potential

e 3. Mechanism of Class I Sodium Channel Blockers

. IA (Moderate Blockade): Slows Phase 0, prolongs AP (e.g., Procainamide, Quinidine)
e IB (Weak Blockade): Shortens Phase 3 repolarization (e.g., Lidocaine, Mexiletine)

Class III (Potassium Channel Blockers): Amiodarone, Dronedarone, Sotalol, Ibutilide, Dofetilide \JG

Cardiac Action Potential

[ Na* channels close

Phase1

—>—

~Lerouseiz
Phase 0

\

ABsoLuTe ReFRACTORY Phase 4
Perion —
RESTING POTENTIAL

Membrane potential (mV)

Time (msec)

J IC (Strong Blockade): Markedly slows Phase 0, no effect on repolarization (e.g., Flecainide, Propafenone)
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@ 4. Effects of Class II (Beta-Blockers) g L 4 | o
%E’ - Class IA Class 1B Class IC
o \’\ Decreases heart rate (SA node automaticity) l l \L
* @ Slows AV node conduction — prolongs PR interval G;::;é::h:w L lideenine. ";;:‘;Fciie
¢ © Reduces sympathetic activity, lowering excitability disopyrant: da- mexile

5. Role of Class III in Prolonging Repolarization

* ) Blocks K+ channels — delays Phase 3 repolarization

. G Increases action potential duration and refractory period
Q Example: Amiodarone (1st line for VI/VF), Sotalol (AF, VT, VF)

@ 6. Mechanism of Class IV Drugs (Calcium Channel Blockers)

. © Blocks L-type Ca2+ channels — slows SA/AV node conduction

. f Prolongs action potential duration — used for atrial arrhythmias

. « Example: Verapamil, Diltiazem

| 8. Indications & Contraindications

. Indications:

Procainamide: Acute AF, VT, VF

Amiodarone: VT, VF (acute & chronic), AF rate control

Flecainide/Propafenone: PSVT, AF in patients without structural heart disease
Beta-blockers: Rate control in AF, AVNRT, AVRT, prevention of sudden cardiac death

O 0O OO



. © Contraindications: A\%
o QT prolongation risk: Avoid Procainamide, Quinidine, Sotalol, Dofetilide
o Heart failure: Avoid Disopyramide, Flecainide, Propafenone, Sotalol, Dronedarone
o Asthma/COPD: Avoid Beta-blockers and Propafenone

gf& First-Line Medications for Arrhythmias (Acute & Chronic Management)

: : & ;
Arrhythmia Acute Treatmeggjﬂemodynamlcally;)p Chronic Management (Long-Term Control)
Atrial Fibrillation (AFib) - Stable: IV 3-blockers (Metoprolol, )
with RVR Esmolol) or Non-DHP CCBs (Diltiazem, - Rate.Control: Oral B-blockers or Non:DHP CCBs
B P A T B o

- Rhythm Control (if indicated): Flecainide,
Propafenone, Amlodarone, Sotalol, Dofetilide,

- It HF Present: IV Digoxin or Amiodarone

Atrial Flutter (AFL) - Stable: IV B-blockers or Non-DHP CCBs - Rate Control: Oral $-blockers or Non-DHP CCBs
- Unstable: Synchronized Cardioversion - Rhythm Control: Amiodarone, Dofetilide

Paroxysmal Vagal Manewver
- sa Vﬂ. MAU\Q\A - -
ﬁu raventricular PW T Stable: Adenosine (1st line) Valsalv v¢r B-blockers or Non-DHP CCBs

- If Adenosine Fails: -blockers, Non-DHP

CCBs, or Cardioversion - Catheter Ablation (Definitive Treatment)

AV Reentrant Tachycardia - Catheter Ablation (Preferred for Long-Term

- Stable: P_ro_c_ainamide (1st line), Ibutilide

(AVRT - WPW Syndrome) Management)
(e aveid AV Redal Yad: Avoid f3-blockers, CCBs, Digoxin (Can - If Pharmacologic Control Needed: Flecainide,
blocking 4"‘55 worsen WPW) Propafenone, Sotalol, Amiodarone

Monomorphic Ventricular - IV Amiodarone or 1V Procainamide (1st - Implantable Cardioverter Defibrillator (ICD) if
Tachycardia (VT) - Stable line) indicated

- If refractory: IV Lidocaine - B-blockers, Amiodarone, or Sotalol for
Pglxn}grghic VI (Torsades IV Magnesgum Suifa té (1; t line) - COFrec.t und.erlying. cause (electrolytes,
de Pointes) i at medications, ischemia)




- If unstable: Defibrillation

Yentricular Kibrillation (VF) Immediate Defibrillation + CPR

/ Pulseless VT

- Epinephrine + Amiodarone if refractory
- Symptomatic: Atropine (1st line),

Sisas iAo Epinephrine, or Dopamine if refractory

1st Degree & 2nd Degree

Type I (Wenckebach) AV - Asymptomatic: No treatment

- Symptomatic: Atropine (1st line)

2nd Degree Type II & 3rd - Temporary Pacing + Atropine (if
Degree (Complete) Heart unstable)

+~ Key Takeaways

- Long QT Syndrome: f3-blockers, ICD if high risk
- ICD for secondary prevention

- Amiodarone or 3-blockers for suppression

- Pacemaker if persistent symptomatic
bradycardia

- No intervention needed unless symptomatic
- Pacemaker if symptoms persist

- Permanent Pacemaker (Definitive Treatment)

Afib & Aflutter — Rate control (-blockers, CCBs), Rhythm control (Amiodarone, Flecainide, Sotalol)

SVT (AVNRT, AVRT) — Adenosine first, avoid [-blockers in WPW

VT (Stable) — Amiodarone or Procainamide, Torsades — IV Magnesium

VF/Pulseless VT — Defibrillation + CPR, Epinephrine, Amiodarone
Bradycardia & Heart Blocks — Atropine first, pacemaker if needed

1 9. Adverse Effects of Antiarrhythmic Drugs

vj& Antiarrhythmic Drugs: Indications, Adverse Events & Contraindications



Drug

Procainamide
(IA)

Quinidine (IA)

Disopyramide
(IA)

Lidocaine (IB)
Mexiletine (IB)

Flecainide (IC)

Propafenone
Ic)

Metoprolol (IT)

Esmolol (IT)
Propranolol
y
Amiodarone
(I

Dronedarone
(I1ID)

Sotalol (I1I)
Ibutilide (IIT)
Dofetilide (III)

Adverse Events

TdP, drug-induced lupus, hypotension

TdP, cinchonism (tinnitus, headache), diarrhea
TdP, anticholinergic effects, HF exacerbation
CNS toxicity (seizures, tremors), bradycardia
CNS effects, GI upset, proarrhythmia

Proarrhythmia, QRS prolongation, dizziness

Bronchospasm, proarrhythmia, metallic taste
R R B BT

Bradycardia, hypotension, fatigue, depression
Iizyotension, bradycardia

Hypotension, fatigue, bronchospasm

Pulmonary fibrosis, hepatotoxicity, thyroid dysfunction, corneal

deposits, bradycardia

TdP, HF exacerbation

TdP, bradycardia, HF exacerbation

TdP, QT prolongation
TdP, QT prolongation

Contraindications
Prolonged QT, heart block

Prolonged QT, heart block,
thrombocytopenia

Heart failure, prolonged QT

Severe heart block, allergy to amide
anesthetics

Severe hepatic dysfunction

HF, CAD, prior MI (risk of sudden

death) strwchural
heart

HF, CAD, asthma/COPD abnoramalitres
or defecks

Severe asthma, bradycardia, é_y

Severe asthma, bradycardia
Asthma/COPD, bradycardia

Severe lung disease, prolonged QT

HF, prolonged QT, liver disease

HF, prolonged QT, renal impairment
Prolonged QT, HF, hypokalemia

Prolonged QT, renal failure
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Adverse Effects

A

Procainamide EI:, HF, hypotension (1V), drug inggggg Igw; Prglonggg Qr _)
\
Disopyramide TdP, HF, anticholinegic sxmgtoms Prolonged QT, HF, glaucoma % |a
oH, B T
Quinidine TdP, HF, cinchonism (headaches, tinnitus), diarrhea Prolonged QT‘ diarrhea ,\
k.3 ST
Lidocaine Seizures
RSP
Mexiletine Tremor, leukopenia Tremor
\‘3 o
! Flecainide HF blurre'd vision, conduction disturbances, ventricular HE, CAD § L W r"‘"
arrhxthmlas ey avL®", kO ‘)(.
i i l a° 5‘
Propafenone HF, bronchospasm, l?radycardla, worse atrial flutter or HE CAD asthma J \*( »
reentrant tachycardia o
f“ TdP, PFTs, LFTs, TFTs, blue-gray skin discoloration, corneal w sinus or AV node dysfunction, Iung
Amiodarone mamm ) ) Flrosi :
deposits, hypotension (1V), bradycardia, pultouer ¢brosis || disease
| asisanm
Dronaderone TdP, HF Prolonged
B y
Sotalol ITdP, HF, bradycardia, bronchospasm / \ Prolonged Qr
Ibutilide A1dp W‘ / Prolonged QT
B O R A
\_ Dofetilide ITdP g \L Prolonged QT




Verapamil (IV) Bradycardia, hypotension, constipation HF, severe bradycardia, AV block

Diltiazem (IV) Bradycardia, hypotension, edema HF, severe Eradycardia, AV block
Adenosine Transient asystole, flushing, hypotension Heart block, WPW + AF (risk of VF)
Digoxin Nausea, vision changes, arrhytilmias (toxic}i&y) WPW, renal failure, hypokalemia
Key Abbreviations

. AF: Atrial fibrillation

*  VF: Ventricular fibrillation

e VT: Ventricular tachycardia

*  PSVT: Paroxysmal supraventricular tachycardia

*  AVNRT: Atrioventricular nodal reentrant tachycardia
*  AVRT: Atrioventricular reentrant tachycardia

. TdP: Torsades de Pointes

e HF: Heart failure

e WPW: Wolff-Parkinson-White syndrome

uj@, Cardioversion: Indications & Guidelines
9 When to Perform Cardioversion

Hemodynamically Unstable Patients (Hypotension, Altered Mental Status, Chest Pain, Heart Failure Symptoms)

Arrhythmia Cardioversion Indication First-Line Treatment

Unstable Afib — Immediate Synchronized Shock first! If stable, use pharmacologic

Atrial Fibrillation (Afib) with RVR . . ) :
Cardioversion cardioversion.



Consider cardioversion for rhythm control if

Atrial Flutter (AFL) i Amiodarone or Dofetilide (if stable)
symptomatic

Supraventricular Tachycardia (SVT - R —— Adenosine first; cardioversion if

AVRT, AVNRT) refractory

Ventricular Tachycardia (VT) with a If unstable, synchronized cardioversion Amiodarone, Procainamide, or

Ventricular Fibrillation (VF) / Pulseless Defibrillation (NOT synchronized) CPR + Shock ASAP

€ Pharmacologic Cardioversion (Stable Patients Only)

For stable Afib & AFL (Rhythm Control Approach):
€. Class IC (No Structural Heart Disease) — Flecainide, Propafenone

€ Class ITI (Prolong Repolarization) — Ibutilide, Dofetilide, Amiodarone

;J& Outpatient "Pill-in-Pocket" Strategy — Flecainide, Propafenone

x When NOT to Perform Cardioversion

@ Afib >48 hours without anticoagulation (Risk of embolism — Need 3 weeks of anticoagulation first)
@ Multifocal Atrial Tachycardia (MAT) (Does not respond to cardioversion)

@ Chronic Afib (Permanent AF) (Rate control is preferred)
& Afys-lv(e /PEA (?ufse (ess e[cdf‘l‘(cnl adhﬁ’(‘/)

+~ Key Takeaways for Quick Review

**Unstable Afib, AFL, VT — Synchronized Cardioversion
SVT unresponsive to adenosine — Cardioversion

**Pulseless VI/VF — Defibrillation (NOT synchronized)



**Stable Afib — Try Pharmacologic Cardioversion First
x Avoid Cardioversion if Afib >48h without anticoagulation

2 Cardioversion: Indications & Guidelines
@ When to Perform Cardioversion

Hemodynamically Unstable Patients (Hypotension, Altered Mental Status, Chest Pain, Heart Failure Symptoms)

Arrhythmia Cardioversion Indication First-Line Treatment
le Afib — I i hroni ! i
Atrial Fibrillation (Afib) with RVR Unstz}b e . b mmediate Synchronized Shogk ﬁrs.t. If stable, use pharmacologic
Cardioversion cardioversion.

Consider cardioversion for rhythm control if

Atrial Flutter (AFL) symptomatic

Amiodarone or Dofetilide (if stable)

Supraventricular Tachycardia (SVT - Adenosine first; cardioversion if

If unstable or unresponsive to adenosine

AVRT, AVNRT) refractory
Ventricular Tachycardia (VT) with a If unstable, synchronized cardioversion Amiodarone, Procainamide, or
Ventricular Fibrillation (VF) / Pulseless Defibrillation (NOT synchronized) CPR + Shock ASAP

€ Pharmacologic Cardioversion (Stable Patients Only)

For stable Afib & AFL (Rhythm Control Approach):
Q Class IC (No Structural Heart Disease) — Flecainide, Propafenone

€ Class I1I (Prolong Repolarization) — Ibutilide, Dofetilide, Amiodarone
QJ& Outpatient "Pill-in-Pocket" Strategy — Flecainide, Propafenone



x When NOT to Perform Cardioversion

® Afib >48 hours without anticoagulation (Risk of embolism — Need 3 weeks of anticoagulation first)
@ Multifocal Atrial Tachycardia (MAT) (Does not respond to cardioversion)
® Chronic Afib (Permanent AF) (Rate control is preferred)

+~ Key Takeaways for Quick Review

**Unstable Afib, AFL, VT — Synchronized Cardioversion
SVT unresponsive to adenosine — Cardioversion
**Pulseless VI/VF — Defibrillation (NOT synchronized)
**Stable Afib — Try Pharmacologic Cardioversion First
x Avoid Cardioversion if Afib >48h without anticoagulation
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QUICK STUDY GUIDE... NOT COMPREHENSIVE
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Study Guide

Hypertension Management
Diagnostic Targets

. gfg, General Population: BP <130/80 mmHg

* gg, Diabetes, CKD, CAD: BP <130/80 mmHg to reduce cardiovascular risk

. %Q, Elderly (>65 years): Individualized targets, often <140/90 mmHg
Treatment Goals

. @ Prevent complications such as stroke, MI, and HF
®* @ Tailor therapy to comorbidities while minimizing side effects

Major Drug Classes

1. Thiazide Diuretics

. Z@’ Mechanism: Inhibit sodium reabsorption — decrease plasma volume
. Indications: African Americans, elderly, isolated systolic HTN
. ! Side Effects: Hypokalemia, hyperglycemia, hyperuricemia

. . Considerations: Avoid in gout, advanced CKD
2. Calcium Channel Blockers (CCBs)

. 3@ Mechanism: Inhibit calcium influx — vasodilation

i Indications: Effective in African Americans, isolated systolic HTN



! Side Effects: Peripheral edema, dizziness, constipation

Considerations: Avoid non-dihydropyridines in heart block, HFrEF

3. RAAS; Inhibitors (ACEIs, ARBs, Aldosterone Antagonists)

Z@ Mechanism: Reduce vasoconstriction, aldosterone release
Indications: Diabetes, CKD, heart failure
! Side Effects: Dry cough (ACEIs), hyperkalemia, angioedema

© Contraindications: Pregnancy, bilateral renal artery stenosis

4. Beta-Blockers

1@ Mechanism: Decrease HR, CO by blocking beta-receptors
Indications: HF, post-MI, angina
! Side Effects: Bradycardia, fatigue, bronchospasm

Considerations: Avoid in asthma, heart block

5. Direct Vasodilators (Hydralazine, Minoxidil)

3@’ Mechanism: Direct vascular smooth muscle relaxation
! Side Effects: Reflex tachycardia, fluid retention

Considerations: Combine with beta-blockers or diuretics

6. Centrally Acting Agents (Clonidine, Methyldopa)

1@ Mechanism: Reduce sympathetic outflow
Indications: Resistant HTN, pregnancy (Methyldopa)
! Side Effects: Sedation, dry mouth, rebound HTN on withdrawal

Stepped-Care Approach in Hypertension



W= Step 1: Lifestyle modifications + single first-line agent (Thiazide diuretic, ACEI, ARB, or CCB)
= Step 2: Two first-line agents from different classes (ACEI + CCB)
@ Step 3: Triple therapy (adding diuretic or aldosterone antagonist)

A W N =

~/ Step 4: Referral for resistant hypertension

Acute Coronary Syndrome (ACS) and Antiplatelets

Types of ACS

. gfg, Unstable Angina: No troponin elevation, transient ischemia

. NSTEMI: Troponin elevation, partial occlusion
. @ STEMI: Complete occlusion, ST-elevation on ECG
Management of ACS

1. Primary Treatment

. « Aspirin + P2Y12 Inhibitors (Clopidogrel, Ticagrelor)
. ‘ Anticoagulation (Heparin, LMWH)

N G PCI (Preferred) or Fibrinolysis (STEMI if PCI unavailable)
2. Secondary Treatment

. Beta-Blockers: Reduce myocardial oxygen demand
y ACEIs/ARBs: Prevent cardiac remodeling

. Statins: Reduce atherosclerosis progression

. Aldosterone Antagonists: Reduce HF risk post-MI



PCI vs. Fibrinolytics in STEMI

. L. PCI (Preferred): Best if within 90 minutes

i ! Fibrinolytics: Use if PCI unavailable; contraindicated in active bleeding, recent stroke

Hyperlipidemia Management

Major Drug Classes

1. Statins (HMG-CoA Reductase Inhibitors)

. 1@ Mechanism: Inhibit cholesterol synthesis, increase LDL clearance
. Indications: First-line for LDL reduction

. ! Side Effects: Myopathy, hepatotoxicity
2. Ezetimibe

. Z@ Mechanism: Inhibits dietary cholesterol absorption

. Indications: Add-on therapy to statins
3. PCSKY9 Inhibitors

. ’f@ Mechanism: Prevent LDL receptor degradation

. Indications: Severe hyperlipidemia, statin intolerance
4. Fibrates

. Z@ Mechanism: Activate PPAR-alpha, increase lipoprotein lipase

. Indications: Hypertriglyceridemia



. ! Side Effects: Myopathy, gallstones
5. Bile Acid Sequestrants

* }@ Mechanism: Bind bile acids, increasing cholesterol excretion

. Indications: LDL lowering in statin-intolerant patients
6. Omega-3 Fatty Acids

. ’@ Mechanism: Reduce hepatic triglyceride production

. Indications: Severe hypertriglyceridemia

Antiarrhythmic Drugs
Key Takeaways for Arrhythmias

° Afib/Aflutter:

o Acute Stable: Rate control (BBs, CCBs)
o Acute Unstable: Immediate synchronized cardioversion
o  Chronic: Rhythm control (Amiodarone, Flecainide), anticoagulation as needed

. SVT:
o Acute Stable: Adenosine first; avoid BBs in WPW

o Acute Unstable: Synchronized cardioversion
o  Chronic: BBs or CCBs for suppression

« VT

o Acute Stable: Amiodarone or Procainamide

o Acute Unstable: Synchronized cardioversion

o  Chronic: ICD placement if high-risk, BBs for suppression
y VF/Pulseless VT:

o Immediate defibrillation + CPR



o  Epinephrine, Amiodarone as adjunct therapy

* Bradycardia/Heart Block:

o Acute Stable: Observation or atropine
o Acute Unstable: Transcutaneous pacing or dopamine/epinephrine
o  Chronic: Permanent pacemaker if symptomatic

Heart Failure Management
Types of Heart Failure
« @ HFrEF (Systolic HF): EF <40%, impaired contractility
. @ HFpEF (Diastolic HF): EF >50%, impaired relaxation
First-Line Medications for HFrEF
. € ACEIs/ARBs: Reduce afterload, prevent remodeling
* Q Beta-Blockers (Carvedilol, Metoprolol): Reduce mortality
i Q Aldosterone Antagonists: Prevent fibrosis, reduce mortality
. € Diuretics: Symptom relief (loop diuretics for congestion)
* Q ARNI (Sacubitril/Valsartan): Enhances natriuretic peptides
. < Digoxin: Increases contractility, used in refractory HF

Acute vs. Chronic Treatment



Acute HF Management
*  £% Loop Diuretics: Reduce pulmonary congestion
. &= Vasodilators (Nitroglycerin): Decrease preload and afterload

* &= Inotropes (Dobutamine, Milrinone): Used in cardiogenic shock

Chronic HF Management
i ’l Lifestyle modifications (low-sodium diet, weight monitoring)
i Q Medications: ACEIls, BBs, aldosterone antagonists, ARNI

* € Device therapy: ICD for EF <35%, CRT for conduction delays

Anti-Anginal Drugs

1. Nitrates
. Z@ Mechanism: Venous dilation — reduced preload & myocardial oxygen demand
. Indications: Stable angina, vasospastic angina
i ! Side Effects: Headache, hypotension, reflex tachycardia

. © Contraindications: PDE-5 inhibitors, right ventricular MI



2. Beta-Blockers

’@ Mechanism: Decrease HR, contractility, and myocardial oxygen demand

Indications: Stable angina, post-MI prophylaxis
i ! Side Effects: Bradycardia, fatigue, bronchospasm

. . Considerations: Avoid in vasospastic angina

3. Calcium Channel Blockers (CCBs)

3@ Mechanism: Vasodilation and myocardial oxygen supply improvement

Indications: Vasospastic angina, hypertension
i ! Side Effects: Peripheral edema, dizziness, constipation
. . Considerations: Avoid non-dihydropyridines in HFrEF
4. Ranolazine (Sodium Channel Blocker)
. }@ Mechanism: Reduces diastolic wall tension, improves myocardial efficiency
y Indications: Chronic stable angina

. ! Side Effects: QT prolongation, dizziness, constipation



