Ischemic heart disease

Ischemic heart disease (IHD) is one of the major causes of death worldwide. Moreover, it
is considered one of the major diseases of the heart.
Classification of heart diseases:
o IHD
o Heart failure (HF)
o Cardiomyopathies
o Arrhythmias
o Infective heart diseases
The heart is a muscle that weighs 300-400 grams. The heart needs to function
continuously; this is why it needs a good blood supply and a good amount of energy.
The blood supply of the heart comes from the coronaries. There are three major coronary
arteries; two on the left, one on the right:
o Left main:
= Avrises from the left coronary sinus
= Divides into:

e Circumflex: supplies the lateral wall, and sometimes the inferior
wall. Injury is reflected on the ECG with changes on lead I, aVL,
lead VV5-V6

e Leftanterior descending (LAD): LAD is the major supply of the
left ventricle. Any injury in the LAD is reflected as ECG changes
on the precordial leads (mainly V1-V4)

e If the disease involves the ostium of the LAD or the left main, the
changes will affect all the leads from V1-V6 (extensive antero-
lateral changes)

o Right coronary artery:
= Arises from the right coronary sinuses
= Supplies the right ventricle
= changes in this area are reflected on lead I, I1l, and aVF.

A collateral circulation normally exists between these arteries; however, it is
nonfunctional. To make these collaterals functional, you need ischemia. The most potent
stimulus for collateralization is transient ischemia. This is why people with a history of
angina have open collateral circulation.

The flow of the blood to the heart is about 70-80 mL/min/100gm. This flow can increase
up to eight times with exercise.

The heart muscles are characterized by high oxygen extraction (75%). This means that
the oxygen extraction is fixed even with high amounts of exertion. If the myocardium



needs more oxygen during exercise, this need is met by increasing blood flow to the
coronaries. To have this increase in blood flow, you need a healthy patent coronary
artery. If the coronaries are diseased (stenosed), this need will not be met and the heart
will suffer from shortage of oxygen supply. In other words, the muscle will suffer from
ischemia.

- 80% of the blood supply to the coronaries comes during diastole. Other organs are
supplied during systole. The heart’s blood supply decreases during diastole because,
during the systolic phase, the pressure is high which causes less blood to flow through the
coronaries (increased jet flow through the left ventricle through the aorta).

- If the patient develops tachycardia, the diastolic phase is shortened; thus, decreasing the
flow of the blood to the heart. Therefore, patients with IHD should avoid tachycardia.

- Ischemic heart disease develops when there is a mismatch between supply and demand of
oxygen.

- Factors affecting oxygen demand:

o Heart rate (the most important)
o Myocardial contractility

= Beta blockers work through decreasing heart rate and contractility
(negative inotropic and chronotropic effects).

Left ventricular wall tension (more tension more oxygen requirement)

Muscle mass: (patients with the following diseases have a higher oxygen demand.

Therefore, they are liable to demand-supply mismatch)
= LV hypertrophy
= HOCM
= HTN
= Aortic Stenosis

- Factors affection blood supply:

o Patency of the coronary arteries: a clinically significant stenosis is between 50-
70%
o Hemoglobin levels” Anemic patients are at higher risk of angina. Anemia can
cause angina without the presence of coronary artery disease
Fixed cardiac output states
o Decreased oxygen saturation
= Hypoxia
= Shock
o Coronary artery disease)

- One common cause of IHD is CAD; and the most common cause of CAD (95% of the
cases) is atherosclerosis. The rest of the cases are caused by a variety of disorders
including, but not limited to: vasculites, autoimmune diseases, amyloidosis, or coronary
artery anomalies (coronary arteries arising from the pulmonary trunk instead of the aortic
root).
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Risk factors for atherosclerosis:

o Modifiable
= HTN
= Smoking
= Hyperlipedemia (high LDL, low HDL, high triglycerides)
= Diet
= Sedentary lifestyle
= DM

= hyperurecemia
o Non-modifiable
= Family history:
e Male side less than 45 years of age
e Female side less than 55 years of age
e previous stroke
e Male gender
o Age
e Post-menopause female
Atherosclerosis is a disease that affects all arteries. If a territory is affected, there is a
higher chance that other territories will be affected, as well.
95% of our patients have at least one risk factor.
Risk factors coalesce in an exponential fashion
o HTN: 3-fold increase
o Hyperlipedemia: 4-fold increase
o Both of the aforementioned conditions: 9-fold increase
Endothelial cell dysfunction represents the first step towards developing atherosclerosis.
This happens in cases of HTN, DM, and hyperlipedemia. The endothelium has many
functions in our body (anticoagulation, and vasodilator release). LDL goes through the
endothelium to the subentimal layer where it is engulfed by macrophages forming foamy
cells. Accumulation of foamy cells leads to the formation of plagues.
Atherosclerosis usually starts early in childhood, and it is affected by both environmental
and genetic factors.
Types of atheromatous plagues:
o Stable
= Strong, not liable for rupture
= Strong fibrous capsule
= High number of smooth muscle cells
= Few inflammatory cells
= Small lipid core
o Unstable



= Liable for rupture, erosion and fissuring. This leads to the formation of a
thrombus which leads to ACS

= Thin fibrous capsule

= Abundant inflammatory cells

= Few smooth muscle cells

= Large lipid core.
The mainstay of treatment for unstable plaques is to convert them to stable plaques. For
this, we use statins (all patients with IHD are on statins).The goal of statin therapy is to
keep LDL as low as 70. Moreover, these patients should be on antiplatelets such as
aspirin.
Stages of plaque development:

o At first the plaque is confined to the intimal and subentimal layers. After a while,
the wall cannot withhold the pressure, and the plaques start to move towards the
lumen of the artery. Symptoms usually develop when the lumen’s diameter is
decreased to 50%. Angina develops when stenosis reaches 70%.

o Stages of atheroma:

=  Foamy cell

= Fatty cell

= Extracellular fatty streaks
= Lipid core

= Plaque formation (stable and unstable)
Usually, it takes patients many years to develop the symptoms. When the patient reaches
the symptomatic stages, it is too late. This is why managing the disease should be started
as early as possible.
Manifestations of atherosclerosis depend on the site of the lesion:
o Coronaries (ACS)
o Cerebral circulation (TIA’s and CVA’S)
o Peripheral arteries (PVD)
o Renal arteries (renal artery stenosis)
o Mesenteric arteries (mesenteric ischemia)
The symptoms can range from asymptomatic to sudden death.
Other manifestations of IHD:
o HF
o Angina
= Stable (More on this later in the lecture)
= Unstable (more on this in the next lecture)
=  Variant:
e Coronary artery spasm at rest
e Troponin negative
e Females > males



e Patients usually have signs of other vasospastic diseases
(Raynaud’s, migraine)

e During the attack patients might suffer from arrhythmias which
might lead to sudden death.

e Treatment is by CCB’s and nitrates. These patients should avoid
beta blockers as these leave alpha receptors unopposed causing
more vasospasm.

e Good prognosis

o Arrhythmias

o Acute coronary syndrome
Unstable angina and MI happen when the plaque is unstable. The difference between
these two is subtotal or total occlusion of the artery respectively.
In chronic IHD, the plaque is stable.

Stable angina:

o The most common presentation of IHD, and it results from an imbalance between
supply and demand.
o Itis characterized by retrosternal chest pain or left precordial pain (less common
sites are: left shoulder, left arm, left forearm, neck, throat, epigastrium)
o Itis usually precipitated by exertion or anything that increases the myocardial
oxygen demand or heart rate such as walking.
o Relieved by rest.
o Diagnosis of stable angina is made through history.
o If the angina is more than 8 weeks old, it is stable (less than that, it is termed
unstable)
o Itisaheavy, squeezing, crushing, or burning pain.
o The pain usually lasts 5-10 minutes, and is relieved by nitrates.
o Sometimes, patients might complain of nausea and sweating; however these
symptoms are less common (more common with MI)
o Grades of angina:
= Grade 1: No symptoms (no limitation on daily activities)
= Grade 2: Symptoms with ordinary activity (slight limitation)
= Grade 3: symptoms with minimal exertion (sever limitation)
= Grade 4: pain at rest (severe limitation)
o Diagnosis:
= On examination, there is no specific sign for angina; however, you should
look for signs of risk factors despite normal findings. You need to look for



o O O O

HTN and signs of atherosclerosis in other arteries (pulses, and bruits such
as mesenteric bruit).
= You should ask about signs of atherosclerosis in lower limbs, such as
intermittent claudication.
= Symptoms of TIA;s and strokes.
= Signs of peripheral artery disease
Some patients might have grade 3 angina; however, when catheterized those
patients might have normal catheterization results. This can be explained by
valvular heart disease, HOCM, or any other non-atherosclerotic cause of IHD.
Differential diagnosis:
= Respiratory diseases:
e Pleurisy
e pulmonary HTN
e pneumonia
= GERD
= Cardiac syndrome X:
e Typical angina with a positive exercise test
e Normal coronary arteries.
e The defect is usually at the level of the arterioles which have a
decreased diffusion capacity.
e Affects females more than males
e Happens in young patients.
Usually patients come when they are pain free. However, if they come when in
pain, you might find S4.
ECG is normal.
= A normal ECG does not rule out any form of IHD.
= You might find slight ST depression
= Stress ECG (increase the heart rate and increase demand inducing certain
ischemic changes) causes changes in the ECG e.g. (ST segment depression
or chest pain)
Stress echocardiogram shows less contractility in the affected region of the heart
CT angiograms to look for area of stenosis
= Angiograms are performed to locate the region of the lesion and to
evaluate the extent of the disease.
Lipid profile
Glucose check
CBC (to rule out anemia)
Stress test modalities:
= Exercise testing
= Chemical exercise e.g. dobutamine



o Coronary artery ultrasound
o Treatment and management:
= Goal: to improve prognosis and decrease mortality
= Statins
= Aspirin
= ACE-I
= Revascularization (if needed)
= Correction of risk factors.
= Treat angina symptoms:
e Increase supply
e Decrease demand
=  GTN, when needed (symptomatic) sublingual.

e |f symptoms occur more than three times every week, patients
should be started on a sustained (long acting) form of GTN (Oral
sustained, or patch)

e If symptoms occur, the patient can take up to 3 GTN tablets 5
minutes apart.

e If symptoms do not subside after the third tablet, the patient must
present to the hospital because it is most likely to be an infarction.

e Beta blockers

e CCB’s

o Prognosis depends on the amount of stenosis, site of stenosis, and number of
vessels affected.



Acute coronary syndrome

Acute coronary syndrome is divided into:
o Myocardial infarction
= ST segment elevation (Q wave) (STEMI)
= Non-ST segment elevation (non-Q wave) (NSTEMI)
o Unstable angina
In STEMI, the artery is totally occluded, while in NSTEMI and unstable angina the artery
is subtotally occluded.
The difference between unstable angina and NSTEMI is the presence of cardiac markers
in NSTEMI
The aforementioned conditions are characterized by the same pathophysiological process,
which is plaque rupture (non-intact plaque)
An important element in the pathogenesis of ACS is platelet function. When we have a
plaque rupture, the subendothelial layer is exposed to the circulation. The platelets will
interact with the exposed subendothelial surface via the von Willebrand factor (a ligand
found on the subendothelial layer). Then, platelet adhesion will happen. More platelets
will adhere via platelet adhesion mediators including thromboxane A2, thrombin, and
ADRP. Platelets coalesce together to form a platelet plug (fibrinogen). After that, a clot
will be formed (coagulation).
Pathophysiology in steps:
o Plaque rupture
Thrombosis, which starts by primary hemostasis
Platelet adhesion, activation, and aggregation
Formation of platelet plug (fibrinogen rich, white thrombus)
Activation of secondary hemostasis, which will lead to the formation of the red
thrombus (fibrin rich thrombus)
Here, we have a dynamic interaction between the platelets and the subendothelial layers
which leads to this cascade of events which will occlude the arteries and this is
manifested as symptoms (NSTEMI, STEMI, unstable angina)
Acute M1 is the most common clinical cause of death.
Symptoms:
o Chest pain at rest, usually in the early hours of the morning. This is due to high
thrombotic activity along with low thrombolytic activity.
o The pain is usually persistent and lasts for more than 30 minutes
o Retrosternal pain, left precordial pain
= Can be referred to the same areas as angina.
= Epigastric pain is common especially in inferior wall M.
= Severe jaw pain
= Severe intrascapular pain
= Severe shoulder pain
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Associated with nausea vomiting and sweating more than angina

15% of patients can present with painless MI. Painless MI’s are more common in
diabetic and elderly patients

Some patients present with unexplained hypotension as the only sign for Ml

Examination:
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There is no specific sign on examination.
The patient looks anxious, in pain, or irritated
Vital signs depend on the infarction time:
= Blood pressure might be elevated due to pain (increased catecholamines);
however, it can be low
Shock
Pulse: tachycardia (usually)
= Sometimes, patients present with bradychardia due to complete heart
block (more common with inferior Ml)
Temperature: usually normal
= Some patients might suffer from a low grade fever 24 hours after the
infarction
Auscultation:
=S4 due to ventricular stiffness.
= S3is a bad sign indicating impending systolic heart failure which carries a
bad prognosis
= Look for murmurs. Murmurs usually presents later on, and usually come
as a complication after the MI due to muscle rupture or VSD
= Look for friction rub to exclude pericarditis. Pericarditis might produce
similar symptomatology. Moreover, pericarditis is a common
complication of an Ml

ECG is used to differentiate between STEMI and NSTEMI

o

Hyperacute T wave is one of the earliest signs on ECG. These last for a few
minutes.
ST segment elevation
Formation of Q waves

= (Q waves can be seen as an early or a late manifestation.
NSTEMI is usually accompanied with T wave inversion and ST segment
depression

A normal ECG does not rule out an MI. 10-15% patients with MI present with normal

ECG

Cardiac markers:
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Troponin
= Troponinland T
= Troponin I and T are usually elevated 4-6 hours after an MlI.



= Peak in 24 hours
= Back to normal in 10-14 days
o CK-MB (two main isoforms, 1 and 2)
= CK-MB2: CK-MB1 ratio more than 1.5 is highly suggestive of Ml
= Rises after 4-6 hours
= Peak in 24 hours
= Back to normal in 72 hours.
o Although highly sensitive, troponin can be elevated in other causes:
= Tachycardia
=  Pulmonary embolism
» Renal failure
= Post PCI
= Open heart surgery
= Heart failure
= Strenuous exercise
=  Amyloidosis
= Critically ill patients
= Sepsis
o We do not need to perform tests to detect for both markers, unless we want to
determine the age of the infarct.
- ECG changes will give you an idea of the site of the infarction:
o ST segment elevation is considered significant only if present in 2 or more
adjacent leads (this applies to most ECG abnormalities)
ST elevation is significant when the elevation is more than 1 mm in limb leads
and 2 mm in precordial leads
o ST elevation in anterior and lateral leads: the artery most probably involved is
LAD or left main.
o ST elevation in Lead I, I1l, aVF: inferior infarct (right coronary artery)
o ST elevation in Lead I, aVL, V5, and V6: lateral wall infarct (left circumflex)
O
O
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ST elevation in V2-V4: anteroseptal infarct
Prominent R wave and ST segment depression in leads V1-V2: posterior wall
infarct
- Other investigations:

o CBC: mild lymphocytosis

o Elevated glucose in non-diabetic patients (bad prognostic factor)

o High ESR

o Lipid profile (4-6 weeks after MI)

o Echocardiogram to look for changes (hypokinesia or dyskinesia)




Management:

o Revascularization: (definitive measure)

The sooner the better.

This is to decrease the amount of myocardial necrosis and preserve the

function of the muscle.

o Management should be ideally started at home (calling an ambulance and giving

aspirin
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in case of suspected Ml)

The patient should be given aspirin as soon as they arrive to the hospital.

GTN will not benefit the patient.

The patient should be transferred to the nearest hospital with proper equipment
The most common cause of death in M1 patient is arrest due to ventricular

fibrillation
o Inthe emergency room,

Quick history
Quick physical exam
ECG immediately
Take vitals
Start with MONAH (Morphine, Oxygen, Nitrogen, Aspirin, and Heparin
(unless one of them is contraindicated)
e Morphine is given 25 mg IV preceded by antiemetics.
e If the patient has bradychardia, avoid morphine. Give pethidine
instead
Give other antiplatelet agents such as clapidogrel

o Prepare patient for PCI as soon as possible

If you are in a periphery hospital where PCI is not readily available,
administer thrombolytics and schedule for PCI as soon as possible
The patient should be taken from the ER to the catheterization lab within
10 minutes of presentation
The aim of treatment is to restore normal flow. This can be achieved with
a success rate of 95% in PCI. With thrombolytics this percentage drops to
55-60%. With thrombolytics, you probably can open the artery. But, the
flow remains abnormal. If the artery was opened, but the flow was still
sluggish, the prognosis is as bad as an occluded artery.
Contraindications for thrombolytics:

e Cardiogenic shock post Ml

e Post CABG Ml
Indications of thrombolytics:

e ST segment elevation

e New onset bundle branch block




- Thrombolytics are divided into several generations. The best are 3 generation
thrombolytics such as tenecteplase. Tenecteplase can be given as an IV bolus. Older
generations need to be given as infusions.

- With thrombolytics, there is a high risk for an anaphylactic reaction

- Do not give thrombolytics in patients with active bleeding, CVA, CPR, ST depression

- One of the worst complications of thrombolytics is the creation of emboli:

- MDI’s can be complicated with formation of thromboemboli which can be lodged
anywhere in the body. Due to stagnation of blood in the left ventricle, a clot might form.
There is a high risk that this clot can cause a CVA.

- Management:

o The patient stays in the CCU for 24-48 hours post Ml for observation.

o Ondischarge, the patient is kept on lifelong aspirin. Moreover, the patient should
be kept on clapidogrel for at least a year. Statins lifelong. ARB’s, beta blockers if
there is no contraindication. The patient should revisit in 4 weeks or whenever
complications arise.

- Complications of MI:

o Electrical:

= Arrhythmias (benign or malignant):
e sinus tachycardia (benign)
e Persistent sinus tachycardia (malignant). It can lead to heart
failure, shock or hypotension
e PVC (benign)
e Ventricular tachycardia (malignant)
e Atrial fibrillation (malignant)
= Atrial and AV blocks...
o Mechanical:
= Heart failure:
e It means that the patient lost a significant amount of muscle (more
than 20%)
e If the patients lose 40% of the muscle, they would develop a
cardiogenic shock
= Myocardial rupture
= Papillary muscle rupture
= Early pericarditis (1-3 days after Ml)
= Late pericarditis (weeks to months later, usually called Dressler’s
syndrome)
= Aneurysm

- Differential diagnosis:

o Aortic dissection:

= Severe tearing pain
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=  Mimics pain of MlI, especially if it involves the ascending aorta (type A
dissection).
=  The difference between MI pain and dissection pain is that the peak of the
dissection pain is right from the start. While in Ml, the pain usually
progresses
= Dissection type B: usually the pain is in the back (interscapular)
Massive pulmonary embolism
Acute pericarditis
Pneumonia

- High mortality rate in Ml up to 20%
- The commonest cause of death outside the hospital is ventricular fibrillation
- The commonest cause of death inside the hospital is cardiogenic shock

- Prognosis:
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TIMI score to assess risk of mortality in MI:

= DM history, hypertension or history of chest pain. (1 point)

= Systolic blood pressure < 100 mmHg (3 points)

= Heart rate greater than 100 BPM (2 points)

= Killip class -1V (2 points)

= Body weight less than 150 Ibs (I point)

= >75 years old (3 point)

= 65-74 years old (2 points)

= Less than 65 years old (0)
TIMI risk score : 0 points (0.8%); 1 point (1.6%); 2 points (2.2%); 3 points
(4.4%); 4 points (7.3%); 5 points (12%); 6 points (16 %); 7 points (23%); 8
points (27%); 9-14 points (36.0%).

- Unstable angina:

o
o
o
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Any new onset angina is unstable angina.
Angina at rest or minimal exertion is unstable angina
Crescendo angina: (worsening angina) angina increasing in frequency, duration,
severity, or a change in the pattern of chest pain.
Any angina after an MI (in a period of two weeks is considered unstable angina).
It is usually caused by a plaque rupture (causing subtotal occlusion of the artery.)
Normal ECG
Normal cardiac enzymes
Classification:
= Primary (no secondary causes, absence of extracardiac causes)
= Secondary (secondary causes presence , presence of extracardiac
conditions that increase the risk of angina)




o Patients with primary angina are considered low risk patients. While patients with
secondary angina, are considered high risk patients.
o Low risk patients are treated as patients with chronic stable angina
High risk patients are treated like NSTEMI patients
Signs of increased risk:
= |f the pain lasts for more than 20 minutes
= Pain has an accelerated pattern
= Pain changes in character (from on exertion to at rest)
= The patient has signs of heart failure during the attack (lower limb edema
for example)
= S3
=  Murmurs
= Hypotension
= Transient ST segment changes (dynamic changes; ST depression is more
dangerous than ST elevation during an episode of unstable angina)
= Diabetes
o TIMI classification (more objective classification of high and low risk patients)
= Age 65 orolder (1 point)
= At least three risk factors for CAD (1 point)
= Prior coronary stenosis of 50% or more (1 point)
= ST-segment changes on ECG (more than 0.5 mm) (1 point)
= Use of aspirin prior 7 days (1 point)
= At least 2 anginal events in prior 24 hours (1 point)
o If the patient scores more than 4, the patient is at high risk.
o Management of high risk patients:
= CCU admission, treat as Ml
= NO thrombolytics
= Aspirin
Clapidogrel
Anticoagulants
Statins
Consider a treatment strategy:
e Invasive (better, usually done within 24 hours of presentation)
e Conservative



Hypertension

Blood pressure is the product of cardiac output (CO) and systemic vascular resistance
(SVR). Cardiac output is the product of stroke volume (SV) and heart rate (HR). each of
these factors is further controlled by other factors, mainly the sympathetic and
parasympathetic nervous systems.

o Systemic vascular resistance = vasoconstriction and vasodilation under control of
nervous system

o Stroke volume is regulated by venous tone which controls venous return.

o Stroke volume is further controlled by certain hormones such as the RAAS
system (rennin angiotensin system), aldosterone, and antidiuretic hormone
(ADH).

Hypertension: is one of the most common chronic diseases that we have to deal with on
daily basis. It is defined as systolic blood pressure of 140 or above, and/or diastolic blood
pressure of 90 or above.
Females usually have lower blood pressure than males. It is quite common to find a
female with blood pressure lower than 120/80.
Classification of HTN:
o Pre-hypertension:
= Systolic120-139
= Diastolic 80-89
= These patients require lifestyle modifications
o Stage1HTN
= Systolic: 140-159
= Diastolic: 90-99
o Stage?2
= Systolic: abovel60
= Diastolic: abovel00
Isolated systolic HTN is common in people after the age of 50. This happens due to
arterial calcification
Starting at 115/75, each increment of 20/10 increases your cardiovascular risk by double
Classification according to etiology:
o Primary:
= is of unknown etiology
= Most of the cases are primary (90-95% of all HTN cases)
o Secondary HTN
= The etiology is known (5-10% of all HTN cases)
= |f we treat the cause, we treat the HTN



- There are many theories for causes of primary HTN. The most accepted is sympathetic
overactivity and increased peripheral vascular resistance.
- Common associations with HTN:
Male above 55, Female above 65
Alcoholic
Diabetic
Smoker
Excess dietary sodium intake
Family history
Obesity
Ethnicity (African Americans)
Sedentary lifestyle
Socioeconomic status
o Stress
- HTN clinical manifestations:
o Usually asymptomatic; named the silent killer.
o Unless you have end organ damage, symptoms are usually absent
o Some patients do feel a headache, and those are lucky
- HTN is arisk factor for atherosclerosis because it causes endothelial cell damage. This
might lead to plaque formation; and this increases the risk for developing an Ml or PAD.
- The end organs mostly affected are:
o Brain
o Heart (CAD, LV hypertrophy, HF)
o Kidneys
o Eyes (retinopathy)
- Diagnosis:
o White coat syndrome: patients have falsely elevated reading at the clinic due to
stress. Home or ambulatory readings are preferred for these patients.
o Blood pressure should be taken from both arms while the patient is rested. This
procedure is repeated twice to confirm the diagnosis.
- Treatment goals:
o Patients with DM, CKD, or below the age of 60 > keep BP below 140/90
o If the patient is above 60, the target is 150/90 unless DM or CKD are present.
o Proper treatment decreases risk of the following
=  HF up to 50%
= Ml upto25%
= Stroke up to 40%
o Lifestyle changes:
= Weight reduction
= Change in diet
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= Limitation of alcohol intake

= Decrease stress

= Increase exercise

= Tobacco cessation

= Sodium restriction

= Calorie restriction in overweight

= Drug treatment: they decrease systemic vascular resistance along with
blood volume

- JNCB8 recommendations for blood pressure control:

o

In the general population, pharmacological treatment of HTN starts if the
systolic BP is above 150 or diastolic BP is above 90 - if the patient is over 60
years of age.

In the general population, pharmacological treatment of HTN starts if the systolic
BP is above 140 or diastolic BP is above 90 —> if the patient is less than 60 years
of age.

If the patient suffers from DM or CKD, BP should be below 140/90
In the general non-black population, including those with diabetes, initial therapy
should include one of 4 classes:

= ACE-I
= ARB’s
= CCB’s
= Thiazide

In the general black population, including those with diabetes, initial treatment
should be started with:

= Thiazide diuretics

= CCB’s
Patients who suffer from CKD should have an initial or add-on therapy with
ACE-I/ARB’s
The objective of blood pressure treatment is to attain ideal blood pressure no
matter what medications you use
If the goal blood pressure is not reached within one month of initiation of
treatment, increase the dose or add a second drug
If blood pressure cannot be adjusted with two drugs, add a third drug from the
aforementioned 4 classes.
If goal blood pressure cannot be reached with three drugs, or if you cannot use
any drugs due to contraindications, use drugs from other classes e.g. Centrally
acting, alpha blockers, or beta blockers.



- Secondary HTN

o Testing for secondary HTN can be expensive and should only be done when you
suspect a secondary cause:

New onset HTN if the patient is less than 30, or above 50

If HTN is refractory to treatment (requiring more than three
antihypertensive drugs)

If physical examination, imaging, or lab investigations reveal:
Hypokalemia

Epigastric bruits

Differential blood pressure between the arms and legs
Episodic HTN

Flushing

o Pathophysiology:

Blood pressure is cardiac output times systemic vascular resistance
Cardiac output is heart rate times stroke volume

Stroke volume is equal to cardiac contractility multiplied by venous return
Venous return is controlled by venous tone and blood volume

Each of these factors is further regulated by other mechanisms

o Causes of secondary HTN:

Intrinstic renal disease (MOST COMMON):

e Abnormal sodium and water balance

e Increased sodium and water retention

e Depletion of antagonists of vasodepressors (prostaglandins)

e Decreased effect of vasodilators

e If the cause of renal disease is treatable, like GN, we treat it.

e If the patient has proteinurea due to diabetes, give ACE-I or

ARB’s to decrease proteinurea

Renovascular disease (1-3%): When the renal artery is narrowed, the
kidney’s perfusion decreases. When that happens, the juxtaglomerular
cells sense that this lack of perfusion, and release rennin. Rennin release
activates RAAS causing excessive aldosterone production. Aldosterone is
responsible for the sustained high blood pressure. Bilateral artery stenosis
or the presence of a solitary kidney leads to rapid volume expansion. In
normal functioning kidneys, the working kidney can compensate by
excreting the excess volume. Renal artery stenosis is characterized by
sudden onset HTN or accelerated malignant HTN. On examination, you
hear an epigastric bruit. If you place the patient on ACE-I, in case of
bilateral artery stenosis, an acute kidney injury will ensue. This happens
due to the decrease in GFR which is caused by the effect of ACE-I on the



efferent arterioles. Testing for renal artery stenosis can be done through
duplex ultrasound, captopril renography, or MRI. Treatment is with ACE-I
or ARB’s (if the stenosis is unilateral). Kidney function tests should be
performed three weeks after the initiation of treatment. Stenosis is treated
only when symptoms arise. The following are causes of renovascular
disease:
e Atherosclerosis:
o Affects males more than females
After the age of 50
Association with HTN and diabetes
Proximal part of the artery (ostium)
Treated with ballooning or stenting. Stenting cures a third,
improves a third, and leaves the disease unchanged in a
third.
o High risk for developing ESRD
e Fibromuscular dysplasia:
o Yyoung females (15-40)
Disease in the media of the artery
The artery looks beaded
Involves distal renal artery (can involve mid-artery)
Complete occlusion of the artery is rare
Treated with angioplasty; success rate is 80-100%.
Restenosis happens in 10%. Cure of HTN in 60%.
e Aortic dissection
e Renal artery dissection
e Takayasu’s arteritis
e Thromboembolic events
e Post-radiation
e Post-transplant
= Hyperaldosteronism (Cohn’s syndrome):
e 0.5-2%
e Adenoma or bilateral hyperplasia of the adrenals
e Patients might be asymptomatic
e Hypokalemia is present (some patients complain of muscle
cramps)
e Metabolic alkalosis
e Retinopathy in sever HTN
e Sodium retention
e Diagnosed by the ration between Plasma Aldosterone and Plasma
Renin activity. A ratio between 20-45 is abnormal and indicates a
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disease. Plasma aldosterone more than 15 and plasma rennin
activity less than 1 indicate a problem.

The confirmatory test is an infusion of 2.5 liters of normal saline
over a period of two hours followed by taking a plasma sample. A
serum aldosterone of less than 8.5 after the infusion, rules out the
disease.

After diagnosis, we need to find a cause. A CT is performed; if the
cause is an adenoma, we remove the glands. If the cause is
hyperplasia, medical treatment is advised.

It is important to treat these patients with aldosterone antagonists
(spironlactone), as they restore potassium to its normal levels.
Blood pressure response to spironlactone is an indicator of the
surgical outcome.

=  Obstructive Sleep Apnea

Patients are usually obese and short

OSA is linked to multiple cardiovascular issues including atrial
fibrillation, heart failure, and resistant HTN.

Published reports state that 33% of patients with essential HTN
have OSA, while 50% of patients with OSA have HTN.
Prospective studies show a strong a link between apnea/hypopnea
index and HTN independent of other risk factors for HTN.

OSA is characterized by daytime sleepiness, loss of concentration,
snoring, morning headaches, episodes of apnea during sleep.
Treatment is with weight loss, CPAP, and, sometimes, surgical
solutions might be considered.

= Pheochromocytoma:

0.11%

Chromaffin tumore cells that secrete excess catecholamines
Young female patients

Present with intermittent HTN, palpitations, sweating, and anxiety.
Episodes might be precipitated by tyramine rich foods (cheese,
beer, and wine), pain, trauma, or certain drugs (TCA, opiates,
clonidine)

Diagnosis with plasma free metanephrines, 24 hours hour urine
metanephrine, or 24 hour PMA.

Treated with surgical removal of the tumor. Complications of
surgery include renal artery ligation, post-operative hypoglycemia,
hemorrhage, or volume loss. Mortality rate is less than 2%



Anesthesia: avoid benzodiazepines and barbiturates as they might
trigger catecholamine release.

5-year survival rate is 95% with 10% recurrence rate.

Best drugs to be used pre-opertatively are alpha blockers as beta
blockers might cause a hypertensive emergency in the OR.

= Glucocorticoid excess (Cushing’s syndrome or disease):

0.1-0.6%

The most common cause is iatrogenic due to excessive use of
steroids.

Characterized with: sudden weight gain, abdominal striae, moon
face, trunkal obesity, DM, proximal muscle wasting, hirsutism, and
skin atrophy

Diagnosed with 24 hour urine free cortisone, midnight saliva
sample, or dexamethasone suppression test

Treatment depends on the cause. Can be treated with
transsphenoidal resection of the pituitary if the disease involves the
pituitary. Adrenalectomy, or tumor lung resection...

= Coarctation of the aorta

Narrowing of the aorta past the subclavian artery.

Blood pressure in the upper limbs is normal

Low blood pressure in the lower limbs

Radiofemoral delay

Decreased or absent femoral pulses

Treatment is either surgical or with stenting

Associated with bicuspid aortic valve

If uncorrected, 70% of the patients will develop heart failure by the
age of 40.

= Hyperthyroidism:

33% of the patients will develop HTN
Other obvious signs of thyrotoxicosis are usually present.
Treated with radioactive iodine ablation or thyroidectomy

= Hypothyroidism

HTN develops due to increased peripheral vascular resistance and
decreased cardiac output
Mostly leads to diastolic hypertension



Cardiomyopathies

Cardiomyopathies are a group of disorders involving the myocytes.
The WHO classification of cardiomyopathies is based on the anatomic and physiological
findings:
o Dialated cardiomyopathy: enlarged heart, systolic dysfunction
o Hypertrophic cardiomyopathies: thickened heart, diastolic dysfunction
o Restrictive cardiomyopathy: diastolic dysfunction
o Arryhtmogenic right ventricular dysplasia (ARVD): fibro-fatty replacement of the
myocytes in the right ventricle
o Unclassified: left ventricular non-compaction cardiomyopathy
Dilated cardiomyopathy:
o Ventricle is dilated
o Can be caused by:
= |HD
e The main cause of dilation is an infarction
e The infarction leads to necrosis, which if left untreated, will leave
dead muscle tissue.
e Muscle remodeling causes morphological changes in the left
ventricle (globular instead of an elliptical heart)
e The remodeling is a pathological process that leads to a change in
the shape, thus a change in the normal function of the heart
e The orientation of the papillary muscles (anterolateral and
postermedial) is changes leading to mitral regurgitation, which is a
common finding with a dilated left ventricle
e Impairment of contractility and loss of systolic function without
heart failure.

o Heart failure is a volume overload problem (signs of
overload always present). You can have heart failure with
preserved systolic function.

o Some patients have a low EF without heart failure; these
patients can be euvolemic.

o Systolic dysfunction is related to heart failure, but not in
1:1 fashion.

= Valvular heart disease
= Postpartum cardiomyopathy
e 1 month before delivery or 5 months after delivery
e Inflammatory cytokines are involved in the pathology




e More in African Americans

e More than 30

e Smokers

e Multiple pregnancies

e Good prognosis with treatment

e Not advised to have a baby again if EF is less than 50

e EF less than 30 is an absolute contraindication

e Complete recovery is a relative contraindication. But the patient
has to understand the risks.

Toxins like alcohol
e Chronic use of alcohol
e Reversible with abstinence
Broken heart syndrome (Stress induced, Takotsubo)

e Female

e More common in 50’s

e Apical ballooning

Viruses like coxsackie B virus and echovirus:
e Post viral

Due to a self limited infection

Young patients

Do not respond to immunosuppressive or steroid therapy
e Mechanism of failure: cell death and fibrosis

idiopathic dilated cardiomyopathy: incidence is 5-8/100,000

e Here, the incidence might be higher, because many patients with
idiopathic cardiomyopathy have mild to no symptoms.

e Familial idiopathic about 30% of all idiopathic cases. The
inheritance pattern is variable. Changes in myosin and actin
encoding genes.

e The mechanism of failure is through failure of energy production
and contractile force generation.

Dilated cardiomyopathy occurs more in males than in females.

More common in African Americans

Low ejection fraction is associated with high risk of sudden cardiac death due to
arrhythmias (ventricular tachycardia and ventricular fibrillation)

Prognosis (in descending order):

Postpartum

Idiopathic next

IHD

Infiltrative hemochromatosis



Doxorobucin induced (a chemotherapeutic agent that leads to myocardial
cell death)
HIV

o Patients with HF, regardless of the etiology, have shared findings of:

overload

Tachycardia

Edema

Hypotension

Cold extremeties
Pulsus alternans
Venous congestion
Laterally displaced PMI
S3

Mitral reurge murmur
Increased JVP
Splenomegaly

Ascites

On X-ray, you will see an enlarged heart with pulmonary edema
Elevated BNP

o Echocardiogram will show a dilated left ventricle

o during catheterization look for hemodynamics and coronary etiologies If you need
to, do an endomyocardial biopsy

o With low EF, survival decreases due to different arrhythmias

o These patients have different frequencies of PVCs, which form a nidus for
ventricular tachycardias. With normal EF, PVC’s are insignificant; with low EF,
more than 10 PVC/ hour is a bad prognostic sign

- Hypertrophic cardiomyopathy:

o Needs to be differentiated from an athletic heart:

The septum is not thicker than 1.5 cm

End diastolic dimensions do not get beyond 4.5 cm

Left atrium is less than 4

Hypertrophy is always concentric and regresses after three months of
stopping the athletic activity.

These criteria are reassuring. If in doubt, ask the patient to stop athletic
activity and reassess in three months.

Familial: AD with variable inheritance
Sporadic: result of spontaneous mutations
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HOCM is a widely hetergenous disease
It is the most common cause of death in people less than 35 years of age
The degree of LVH is directly correlated with the incidence of death
Young patients with extreme hypertrophy might have very few symptoms
Symptoms:

= Angina

= HF

= Syncope

= Sudden death (might be the only presentation)
LVH is not due to pressure overload,; it is genetic and has nothing to do the
pressure overload state
They have supernormal systolic function with an impairment in the diastolic
function. Impaired diastolic relaxation and increased diastolic pressures
Prevalence as high as 1 in 500 in the general population
Genetic forms:

= Beta myosin heavy chain

= Cardiac troponin T and this form

= Myosin protein binding C

= Alpha tropomyosin

= The remainder are rare mutations
Eccentric hypertrophy involving the septum called ASH (Asymmetric septal
hypertrophy). The septum is at least 1.4 times the size of the posterior wall
The hypertrophy can be:

= Subaortic

= Septal