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Circulatory System: Hypertension
Definition:
-

This has changed over time, with the most recent US criteria published in 2017.
When this author graduated from medical school in 1976, the definition of
hypertension was a diastolic pressure > 105 mmHg, with consideration of treatment
with a diastolic pressure > 90 mmHg. Systolic BP was not used for treatment decisions.

-

1

There is no “safe” or normal blood pressure; lower pressure have lower risk of
atherosclerotic cardiovascular disease (ASCVD).
o A lower limit of 115 mmHg systolic pressure is necessary to avoid postural
hypertension.
o In the elderly, a higher than optimal systolic pressure may be necessary due to
their age-related decrease in GFR.
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2017 definition and staging of hypertension (AHA/ACC)
Category
Normal
Elevated
Hypertension (stage 1)
Hypertension (stage 2)

-

Systolic BP
<120
120-130
130-140
>140

Diastolic BP
<80
80-90
80-90
>90

Elevated blood pressure must be demonstrated at least twice and in two different
settings (to avoid the “white coat effect” of anxiety form testing).

Pathophysiology of primary hypertension
-

Blood pressure is regulated by neurohormonal signals:

-

Factors associated with primary hypertension:
o Age: loss of arterial wall compliance is common with aging. This leads to and
increase in systolic pressure (not diastolic pressure) due an increase in peripheral
resistance.
o Obesity: an estimated 2/3 of hypertension in the US is due to obesity. The
mechanism is unknown.
o Genetics: an estimated 30% of hypertension in the US is due to family
predisposition. The mechanism is unknown.
o Ethnicity: hypertension is more common and more severe in African Americans.
It is attributed to hypervolemia from renal sodium regulation.
o High sodium diet: certain individuals have inadequate renal clearance of sodium
when there is high intake. This is presumed to lead to increased blood volume.
o Alcohol: while moderate alcohol intake decreases cardiovascular risk, heavy
drinking of >6 drinks/day is associated with hypertension and alcoholic
cardiomyopathy.
o Inactivity: exercise is an established method of decreasing high blood pressure.
Drugs associated with hypertension: in addition to the well known effects of nicotine
and cocaine, oral contraceptives are known to cause hypertension in about 5% of users.

-
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Pathology of hypertension:
o Damage is due to macrovascular disease:
 Ascending aorta (cystic medial degeneration)
 Abdominal aorta (indirectly through atherosclerosis. Smoking is
the major risk factor)
 Arteries (atherosclerosis)
 Arterioles (hyaline arteriolosclerosis)

Clinical pathologic correlation of hypertension:

3
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Presentation of hypertension (HT):
-

-

-
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Symptoms:
o HT is asymptomatic until there is organ damage from the macrovascular
pathology.
Physical exam:
o Hypertension
o Bruits from atherosclerotic stenoses in arteries
Testing:
o While a diagnostic workup is not indicated for primary hypertension (this is
reserved for resistant HT), most doctors will order:
 Chemistry panel (creatinine, K+, glucose)
 Lipid profile (atherosclerosis risk)
 TSH/T4 (hyperthyroidism)
 EKG (left ventricular hypertrophy)
o Resistant HT
 Definition: persistent hypertension while on 3 medications.
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3 diseases cause 80% of cases:
• Chronic renal failure (45% DM, 25% HT, 15% glomerulonephritis)
• 1° hyperaldosteronism (hyperplasia, adenoma)
• Renal artery stenosis (atherosclerosis)
Diagnostic approach:
• Serum creatinine /eGFR: rules out chronic renal failure
• A/R ratio:
Disease
Renal artery stenosis
1° hyperaldosteronism

Aldosterone Renin A/R ratio
↑
↑
<25
↑
↓
>25

Imaging:
o Renal artery (stenosis >70%)
o Adrenal cortex (bilateral hyperplasia or mass of adenoma)
Rare causes of resistant HT:
• Pheochromocytoma (at least 1 of: headache, HT, palpitations,
sweating)
• Hypercortisolism (fat, thinning of skin (e.g. striae), HT, ↑glucose,
↓K+ etc.)
• Coarctation of the aorta (brachial BP > ankle BP)
•



Treatment of hypertension
-

-

-
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There is no data to prove that one class of drugs is better than another. β-blockers are
falling out of favor as a first line drug.
o Thiazides and thiazide-like (i.e. chlorthalidone)
o Calcium channel blockers (CCB)
o ACE inhibitors / ARBs
o β-blockers
Special groups for treatment
o Congestive heart failure: thiazides (β-blockers contraindicated)
o African-Americans: thiazides, CCBs
o Diabetics: ACE-I
o Elderly: CCBs
A good way to think about the pharmacology of hypertension is by
correlating the drugs to the neurohormonal action that they inhibit in
regulating blood pressure. Each must affect one of the following
parameters:
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Hypertensive crisis
-

-
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Definition:
o Severe hypertension (BP: systolic >180; diastolic >120 mmHg)
o Classified as hypertensive emergency (evidence of organ damage) or
hypertensive urgency (no evidence of organ damage).
o Historically called malignant hypertension, because when it was first described in
the 1920’s, it was seen to have the same prognosis as aggressive cancers (1 year
survival of <20%, as there were no effective treatments)
Pathophysiology:
o Pathologic damage occurs to small arteries
and arterioles:
 Fibrinoid necrosis: barotrauma to the
endothelial cells allows leakage of
fibrin into the vessel wall.
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Hyperplastic arteriolosclerosis: cellular proliferation of
smooth muscle cells in the vessel wall with increased
extracellular matrix.
o Key organ damage (many other organs can be affected):
 Heart failure: due to increased afterload
 Cerebral edema: autoregulation is overwhelmed, leading to
cerebral edema. The raised intracranial pressure leads to
headache > encephalopathy > coma. Papilledema is seen on
physical examinaiton.
 Renal failure: autoregulation is overwhelmed and the intraglomeruli
pressure equals systemic pressure. There is hemorrhagic necrosis of the
glomeruli, seen on the cortical surface as a “flea-bitten” kidney
Treatment:
o ↓BP to < 180/120 within first hour
o ↓BP to < 160/120 within first day
o Pharmacology:
 Short-acting IV medications in continuous infusion (no preferred drug)
 Exceptions:
• Ascending aortic dissection: reduce BP in <10 minutes
• Ischemic stroke: only if BP > 220/140 mmHg.


-

Hypertensive urgency (aka Asymptomatic severe hypertension)
-

-
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Usually a chronic hypertensive patient who has stopped taking medications (i.e. nonadherent)
Decrease in blood pressure should take place over days as a rapid drop in pressure has
the significant risk of an ischemic event as the organs are compensated to the high
blood pressure.
o Short term (days): BP < 160/100 mmHg
o Long term: BP < 140/90
Pharmacology:
o May use oral medications taken as an out-patient
o Resumption of prescribed medications is usually satisfactory.
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Circulatory System: Hypertension
Do You Know It?
1. What is the current definition of hypertension (2017 criteria)?

2. What it is the pathology of hypertension?

3. What is the definition of resistant hypertension and its 3 commonest causes?

4. Describe the investigation of resistant hypertension.

5. Describe the physiologic mechanism of action for the
following drugs (for the molecular mechanism of action, see:
Heart, CHF: natural history and treatment):
a. B-blockers
b. ACE-I
c. ARBs
d. Spironolactone
e. Neprilysin inhibitors
f. Diuretics
i. Thiazides
ii. Furosemide
g. CCBs
h. Nitrates
i. Digitalis

6. What is the difference between hypertensive emergency and hypertensive urgency?

9
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