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EPIDEMIOLOGY

 Approximately 80 million Americans have hypertension, 
also called high blood pressure.

 It is estimated that approximately 30% of adult Americans 
have hypertension, making it the most frequently 
encountered chronic medical condition.

 The overall incidence is similar between men and women, 
but varies depending on age.

 The percentage of men with high BP is higher than for 
women before the age of 45 and is similar to that of 
women between the ages 45 and 64.

 After the age of 64, a much higher percentage of women 
have high BP than men.



EPIDEMIOLOGY

 BP values increase with age, and hypertension is 
very common in the elderly.

 Most diagnoses of hypertension occurring between 
the third and fifth decades of life.

 Among patients who are treated for hypertension, 
only 50% have controlled BP.
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Blood pressure diurnal rhythm



Systolic & Diastolic blood pressure



The average nocturnal 
blood pressure is 

approximately 15 percent 
lower than daytime values 
in both normotensive and 

hypertensive patients

Failure of the blood 
pressure to fall by at least 
10 percent during sleep is 

called non-dipping. 



MEAN ARTERIAL PRESSURE (MAP)

 The average pressure throughout the cardiac cycle of 
contraction.

 During a cardiac cycle, two-thirds of the time is spent in 
diastole and one-third in systole.

MAP = (SBP x 1/3) + (DBP x 2/3)

 MAP is mathematically defined as the product of cardiac 
output (CO) and total peripheral resistance (TPR):

MAP = CO x TPR



Factors that control BP

Adrenergic 
nervous system

Renin-angiotensin-
aldosterone system 

(RAAS)

Hormonal 
factors

Vasopressin

Thyroid 
hormone

Natriuretic 
hormone

Insulin

Endothelium

Nitric oxide

Bradykinin

Prostacyclin

Endothelin

Electrolytes

Sodium

Potassium

Calcium



Renin-Angiotensin-Aldosterone system



Adrenergic nervous system



DIAGNOSTIC CONSIDERATIONS

 Hypertension is termed the “silent killer” because most 
patients do not have symptoms.

 The primary physical finding is elevated BP.

 The diagnosis of hypertension cannot be made based on one 
elevated BP measurement.

 The average of two or more measurements taken during 
two or more clinical encounters should be used to diagnose 
hypertension.

 This BP average should be used to establish a diagnosis, and 
then classify the stage of hypertension.



CLASSIFICATION OF BLOOD PRESSURE

The Joint National Committee (JNC7) classification of BP in adults 
(age greater than or equal to 18)







DIAGNOSTIC CONSIDERATIONS
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 The primary physical finding is elevated BP.

 The diagnosis of hypertension cannot be made based on one 
elevated BP measurement.

 The average of two or more measurements taken during 
two or more clinical encounters should be used to diagnose 
hypertension.

 This BP average should be used to establish a diagnosis, and 
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Auscultatory Method for Blood Pressure 
Measurement in Adults as Recommended by the 

American Heart Association



Auscultatory Method for Blood Pressure 
Measurement in Adults as Recommended by the 

American Heart Association







AMBULATORY BP MONITORING

 It uses an automated device can document BP at frequent time 
intervals (e.g., every 15 to 30 minutes) throughout a 24-hour 
period by a noninvasive oscillometric device.

 This form of specialized monitoring is indicated for patients with:

White-coat hypertension

Apparent drug resistance

Hypotensive symptoms while receiving 
antihypertensive therapy

Episodic hypertension



In the uncommon patient who 
has an initial screening blood 

pressure 180/110  mmHg or who 
presents with hypertensive 
emergency, a diagnosis of 
hypertension can be made 

without further confirmation. 





AMBULATORY BP MONITORING

 Arterial BP values are usually lower than clinic-measured 
values.

 The upper limit for normal arterial BP is 140/90 mmHg during 
the day, 125/75 mmHg at night, 135/85 mmHg while awake
and 130/80 mmHg for ABPM.

 Wrist or finger devices that measure BP are generally not 
accurate and should not be routinely used.



SCREENING

1
• Adults 40 years or older should have their blood pressure 

measured at least annually

2

• Adults between 18 and 39 years should also be screened at 
least annually if they have risk factors for hypertension 
(e.g., obesity) or if their previously measured blood pressure 
was 130-139/85-89 mmHg.

3
• Adults between 18 and 39 years whose lasted blood 

pressure was <130/80 mmHg and have no risk factors for 
hypertension should be screened at least every 3 years. 



TYPES OF HYPERTENSION

Essential 
hypertension

Secondary 
hypertension

White coat 
hypertension

Masked 
hypertension



TYPES OF HYPERTENSION

 Essential hypertension

• There is no identifiable cause for their chronically elevated BP.

• Most patients (90-95%) with hypertension have essential 
hypertension.

o Secondary hypertension

• Patients have a specific identified cause for elevated BP.

• Only 5% to 10% of those among the hypertensive population have 
causes that are purely secondary.



Secondary Causes of Hypertension





Clinical Findings Suggestive of 
Secondary Hypertension



Most common examples of drug-induced hypertension





NATURAL COURSE OF 
HYPERTENSION

 Essential hypertension is usually preceded by elevated BP 
values that are in the pre-hypertension category.

 BP values may fluctuate between elevated and normal 
levels for an extended period of time.

 During this stage, many patients have a hyperdynamic
circulation with increased CO and normal or even 
low peripheral vascular resistance.

 As the disease progresses, peripheral vascular 
resistance increases, and BP elevation becomes chronic.



TARGET-ORGAN DAMAGE

Cerebrovascular
disease

Stroke

Transient 
ischemic attacks

Retinopathies

Arteriovenous
crossing 
changes

Papilledema

Heart disease

Left 
ventricular 
hypertrophy

Coronary heart 
disease

(Angina, MI)

Heart failure

Kidney 
disease

Chronic 
kidney 
disease

Peripheral 
arterial 
disease

Abdominal 
aortic 

aneurysm











2014 Hypertension Guideline Management Algorithm







J-CURVE PHENOMENON

 Data from observational studies generated concern that there is 
a “J-curve” phenomenon in which lowering BP too far may be 
harmfu1.

 There is conflicting evidence related to the possible risk of 
excessive reduction in the diastolic blood pressure.

 Rather than demonstrating a progressive benefit at lower 
pressures, many trials revealed a “J-shaped curve” in which 
the risk of cardiac events declines as the diastolic pressure
falls from above 100 mmHg to approximately 85 mmHg, but 
then rises back up at pressures below 80 to 85 mmHg.

 By comparison, there is little evidence suggesting a J-curve for 
the systolic blood pressure.









MANAGEMENT

Non-
pharmacologic Pharmacologic



NON-PHARMACOLOGIC 
APPROACHES

 Lifestyle modifications including diet and exercise 
are recommended for:

All persons to prevent

the development of hypertension

All patients with pre-hypertension

All patients with a diagnosis of hypertension



Lifestyle Modifications to Prevent and Treat Hypertensions



In the United States, one “standard” drink contains roughly 14 grams of pure alcohol, which is 
typically found in 12 ounces of regular beer (usually about 5% alcohol), 5 ounces of wine 

(usually about 12% alcohol) and 1.5 ounces of distilled spirits (usually about 40% alcohol). 









NCEP ATP III Therapeutic Lifestyle Change Diet





NON-PHARMACOLOGIC 
APPROACHES

 Other modalities

• The role of supplementation with calcium and 
magnesium in hypertension is unclear and should not be 
routinely recommended in patients with hypertension for the 
purpose of lowering BP.

• Caffeine ingestion has been associated with an acute 
elevation in BP; however, these elevations appear to be 
transient.

• Cigarette smoking has been shown to independently increase 
CV and overall mortality, and cessation can decrease the 
incidence of CV disease.



Efficacy of dietary modification in mild hypertension



Recommended pharmacotherapy based on clinical trials evidence demonstrating 
long-term reductions in morbidity and mortality in patients with hypertension and 

specific co-morbid conditions and cardiovascular risk



For initiation of antihypertensive 
drug therapy, first-line agents 

include thiazide diuretics, CCBs, 
and ACE inhibitors or ARBs



2014 Hypertension Guideline Management Algorithm



IMPLEMENTING PHARMACOTHERAPY

Pharmacotherapy 
strategy

Monotherapy

Stepped-care 
approach

Sequential 
approach

Combination 
therapy



MONOTHERAPY

 Each of the recommended first-line agents will normalize the 
BP in 30 to 50 percent of patients with mild hypertension.

 As many as 60 to 80 percent of patients with mild 
hypertension to initially be controlled with another agent.

 When using a standard dose of first-line antihypertensive 
agents, the average reduction in SBP/DBP is only 10/5 mm Hg 
(10 over 5 rule). 



MONOTHERAPY

 Stepped-care approach

• A single agent is initiated and the dose increased until BP is 
controlled, the maximal dose is reached, or dose-limiting
toxicity occurs.

• If the goal BP is not achieved, a second drug from a 
different class is added.

• This process can be continued, if necessary, until three or 
even four drugs are used in combination.



MONOTHERAPY

 Sequential approach

• A single agent is initiated and titrated to the maximal dose as 
needed.

• If goal BP is not achieved, another agent is selected to 
replace the first.

• Combination drug therapy is reserved for patients who do not 
achieve goal BP values after the second agent.

• Sequential therapy is most appropriate when the first drug is 
either poorly tolerated or results in minimal reduction in 
BP.



COMBINATION THERAPY

 In contrast to high-dose monotherapy, low-dose, two-drug 
combination therapy provides greater BP lowering with a 
lower risk of side effects.

 This approach is strongly encouraged for patients:

Blood pressure is more than 20/10 mmHg above 
the goal

BP goals of less than 130/80 mmHg

Stage 2 hypertension



COMBINATION THERAPY

 Prospective clinical trials have demonstrated that goal 
attainment rates of more than 70% are achieved when initial 
two-drug combination therapy is used in patients with stage 2 
hypertension.

 Elderly patients (age 80 years or older) should only have 
one antihypertensive agent started at a time to minimize 
risk of orthostatic hypotension.

 Orthostatic hypotension is diagnosed when, within two to five 
minutes of quiet standing, one or more of the following is 
present:

At least a 20 
mmHg fall in 

systolic pressure

At least a 10 
mmHg fall in 

diastolic 
pressure

Symptoms of 
cerebral 

hypoperfusion, 
such as dizziness



Risk factors 
of orthostatic 
hypotension 

Elderly 
patients

Diabetes

Autonomic 
dysfunction

Volume 
depletion

Taking 
certain 
drugs 

(e.g. diuretics, 
nitrates, α
blockers)





COMBINATION THERAPY

 PREFERRED COMBINATIONS

An ACEI or ARB with a 
CCB (long-acting 
dihydropyridine

calcium channel blocker 
such as amlodipine)

An ACEI or ARB with a 
thiazide





























COMBINATION THERAPY

 ACCEPTABLE COMBINATIONS

A β-blocker with 
a diuretic

A CCB with a 
diuretic

A 
dihydropyridine

CCB with a β
blocker

A thiazide 
diuretic with a 

potassium-
sparing diuretic







COMBINATION THERAPY

 LESS EFFECTIVE COMBINATONS

An ACEI with 
ARB

An ACEI or ARB 
with a β blocker

A non-
dihydropyridine

CCB with a β
blocker

A centrally acting 
agent with a β

blocker



MONITORING THERAPY

 Reduction in BP should be evaluated 1 to 4 weeks after 
starting or modifying therapy for most patients.

 BP usually begins to decrease within 1 to 2 weeks of starting 
an agent, but steady state antihypertensive effects can take 
up to 4 weeks.

 Once blood pressure control is achieved, patients should be 
reevaluated every three to six months to ensure 
maintenance of control.

 If patients are in hypertensive crisis, evaluation should 
occur sooner, within hours to days.

 Two BP values separated by at least 1 minute should be 
measured during each clinical evaluation, with the average 
used to make a proper assessment.



BEDTIME VERSUS MORNING 
DOSING

 In some studies, shifting at least one antihypertensive 
medication from the morning to the evening can both restore 
the normal nocturnal blood pressure dip and reduce 24-hour 
mean blood pressure.

 In addition to lowering nighttime blood pressure, nocturnal 
antihypertensive therapy may also reduce the incidence of 
cardiovascular disease.

 In patients who require antihypertensive therapy, at least one 
medication (but not a diuretic) can be taken at bedtime 
rather than taking all medications in the morning.



DRUG FREQUENCY

 The issue of dose frequency relates to the possible absence of 
24-hour efficacy with shorter-acting drugs.

 Once daily dosing with such drugs gives a greater peak 
response, but the BP tends to return toward baseline in the 
early morning hours, well before the next dose.

 This is a potential concern since a greater daily BP load and 
early morning abrupt elevations in BP can increase 
cardiovascular risk.

 Drugs that are longer acting are preferred.

 Giving one-half the dose twice a day is an alternative that 
produces a lesser peak effect but a more sustained 
response.



REASONS FOR INADEQUATE BP 
CONTROL









STEP-DOWN THERAPY

 Primary prevention patients with no additional major CV risk 
factors who have very well-controlled BP for at least 1 year 
might be eligible for a trial of step-down therapy.

 Step-down therapy consists of attempting to gradually decrease 
the dosage, the number of antihypertensive drugs, or both
without compromising BP control.

 Abrupt or large dosage reductions should be avoided 
because of the risk of rapid return of uncontrolled BP and 
even rebound surges in BP (as is seen with rapid withdrawal of 
a β blocker or an α agonist).



STEP-DOWN THERAPY

 This option should not be considered for patients 
with:

Major CV risk factors

A Framingham risk score of 10% or more

Compelling indications

Hypertension-associated complications













THIAZIDE DIURETICS

 Similar to loop diuretics, an initial diuresis is experienced.

 After approximately 4 to 6 weeks of thiazide diuretic therapy, diuresis
dissipates.

 A decrease in PVR is responsible for sustaining antihypertensive 
effects.

 Hydrochlorothiazide and chlorthalidone have been used in several 
major outcome trials, although only chlorthalidone-based regimens
have proven to be of benefit in the low doses commonly used in practice 
today.

 Chlorthalidone is more potent and have longer half life than
hydrochlorothiazide.

 Compared with hydrochlorothiazide, chlorthalidone significantly 
reduced the risk of cardiovascular events. 

 Chlorthalidone (12.5 to 25 mg/day) is the thiazide diuretic of choice.



Thiazide diuretics in Hypertension









Loop diuretics are subject to a 
significant post-dose antinatriuretic

period, which offsets their 
antihypertensive effect.

Therefore, a thiazide is more effective 
at lowering BP than loop diuretics in 

most patients.



THIAZIDE DIURETIC SIDE EFFECTS

• Usually considered mild
• Serum potassium reaching a nadir within the first 

month of therapy and remaining stable thereafter
• Increasing dietary intake of potassium-rich foods 

or add a potassium-sparing diuretic to minimize it

Hypokalemia

• Small (<0.5 mg/dL), dose-dependent, and not 
clinically significant

• Increase in serum uric acid may require a 
decrease in dose or possibly discontinuation for 
patients with a history of gout

Hyperuricemia



THIAZIDE DIURETIC SIDE EFFECTS

• A serious, yet infrequent side effect.
• Changes in sodium concentrations are usually 

small, and the majority of patients are 
usually asymptomatic.

• Patients should be counseled to avoid 
excessive free water intake.

Hyponatremia

• A dose-dependent and overlooked side effect.
• Symptoms of significant hypomagnesemia 

include muscle weakness, muscle tremor or 
twitching, mental status changes, and cardiac 
arrhythmias

Hypomagnesem
ia



THIAZIDE DIURETIC SIDE EFFECTS

• Small increases in LDL-C and triglycerides
• Not dose related, and overall changes are small
• Alterations are not sustained with prolonged 

use
• Dietary fat restrictions help minimize, but do 

not necessarily prevent it.

Dyslipidemia

• The magnitude is variable and dose dependent
• Patients with diabetes exhibit the greatest 

glucose increases
• Increase is on average 3.6 to 6.7 mg/dL after 

multiple years of therapy
• Diabetes is not a contraindication to diuretic use

Hyperglycemia



Hydrochlorothiazide Bile acid sequestrants

May decrease the 
absorption and response 

to thiazides



Hydrochlorothiazide Lithium

Thiazides may decrease 
the excretion of lithium



Hydrochlorothiazide Licorice

May enhance the 
hypokalemic effects and 

decrease the 
antihypertensive effects





Hydrochlorothiazide NSAIDs

May diminish the diuretic effects of 
hydrochlorothiazide. Avoid concomitant 

use in patients with heart failure or 
cirrhosis. 



Medication 
Pregnancy 
risk factor

Use in lactation

Acetazolamide C

Limited information indicates that 
maternal doses up to 1000 mg daily 
produce low levels in milk and would 
not be expected to cause any adverse 

effects in breastfed infants

Hydrochlorothiazide B

Doses of 50 mg daily or less are 
acceptable during lactation. Intense 

diuresis with large doses may 
decrease breastmilk production.

Furosemide C

Because no information is available 
on its use during breastfeeding and 

because intense diuresis might 
decrease lactation, an alternate 

drug may be preferred, especially 
while nursing a newborn or preterm 

infant.

Spironolactone C
It appears acceptable to use during 

breastfeeding





ANGIOTENSIN-CONVERTING ENZYME

INHIBITORS

• Most ACEIs are dosed once daily in hypertension.

• In general, most ACEIs, if used in equivalent doses, are 
considered interchangeable.

• The time to reach steady-state BP conditions is similar to 
what is seen with other antihypertensive agents.

• Therefore, evaluating BP response 2 to 4 weeks after starting
or changing the dose of an ACEI is appropriate.

• ACEI monotherapy is generally more effective at lowering BP 
in white patients than in black or elderly patients





Angiotensin-Converting Enzyme Inhibitors in Hypertension







ANGIOTENSIN-CONVERTING ENZYME INHIBITORS

SIDE EFFECTS

• Typically 0.1-0.2 mEq/L

• Significant CKD (GFR <60 
ml/minute/1.73), or co-administered 
medications that can also raise 
potassium are risk factors

Potassium 
increases

• Up to 30% from the baseline 
creatinine value are safe and 
anticipated

• It stabilize within the first 2 months 
of treatment

Increase in 
serum 

creatinine



ANGIOTENSIN-CONVERTING ENZYME

INHIBITORS SIDE EFFECTS

• Concurrent diuretic therapy, very elderly, 
patients with volume depletion, or those with 
heart failure exacerbation are at risk of 
developing this effect. 

Significant first 
dose response

(e.g. orthostatic 
hypotension, 
dizziness, or 

syncope)

• It occurs in 5 to 20 percent of patients.
• It usually begins within 1-2 weeks of therapy.
• Women are affected more frequently than 

men.
• It typically resolves within 1-4 days of 

discontinuing therapy.
• It generally recurs with rechallenge.
• It can be managed by switching to an ARB. 

A dry, hacking 
cough that may 

resemble tickling 
sensation in the 

back of the throat



ANGIOTENSIN RECEPTOR BLOCKERS

 Unlike ACEIs, ARBs specifically bind to angiotensin II receptors 
in vascular smooth muscle, adrenal glands, and other 
tissues.

 ARBs do not affect bradykinin.

 ARB therapy is as effective as, but no more superior than, 
ACEI therapy in the overall management of hypertension.

 Based upon the clear evidence of possible harm, combined 
ACE inhibitor/ARB therapy should not be considered unless 
there is compelling evidence of clinical benefit that cannot 
be attained with other regimens.



Angiotensin II 
receptors

Type 1

Vasoconstriction

Salt and water 
retention

Vascular 
remodeling

Myocyte and 
smooth muscle 

hypertrophy

Type 2 Antiproliferative 
& tissue repair 





Angiotensin Receptor Blockers in Hypertension



Studies suggest that 
no individual ACEI 

drug is truly superior 
to any other ACEI, 
and the same holds 

true for ARBs.











ANGIOTENSIN RECEPTOR BLOCKERS

SIDE EFFECTS

 The side effect profile is generally similar to that seen with 
ACE inhibitors (eg, increased incidence of hyperkalemia and of 
acute renal failure in renovascular hypertension or states of 
effective volume depletion).

 The rate of certain side effects (eg, renal dysfunction, syncope) 
appears to be similar with the two classes of drugs.

 ARBs have lower rates of cough and angioedema and perhaps a 
higher rate of hypotensive symptoms than ACE inhibitors.

 A history of ACEI-induced angioedema does not preclude the 
use of ARB therapy.

 In June of 2011, the Food and Drug Administration in the 
United States reviewed the available data and concluded that the 
use of ARBs for the treatment of hypertension does not increase 
the risk of cancer.





nitrosodimethylamine



More than 20 European countries, 
Canada, and the United States 

have recalled valsartan
medications in recent weeks after 

nitrosodimethylamine (NDMA) 
was discovered in the drugs’ 
ingredients manufactured by 

Zhejiang Huahai Pharmaceuticals 
of Linhai, China.



Patients in the US 
taking those valsartan

medications from 
Novartis or Sandoz 

companies or Diovan, 
Diovan HCT, Exforge, 

Exforge HCT or 
Entresto should 

continue as directed by 
their physicians.









ACEI or ARB Allopurinol

Enhance the potential for 
allergic or hypersensitivity 

reactions to allopurinol



ACEI or ARB ARB or ACEI

May enhance the adverse 
effects of an ACEI or ARB 

(e.g., hypotension, 
hyperkalemia, increase serum 

creatinine)



ACEI or ARB Lithium

May enhance the serum 
concentration and adverse 

reactions of lithium.



ACEI & ARB

 Contraindications

Concomitant use with aliskiren in patients 
with diabetes mellitus

Renal function deterioration

History of angioedema or hypersensitivity 
reactions to an ACEI or ARB 

Bilateral renal artery stenosis



Medication 
Pregnancy 
risk factor

Use in lactation

Captopril D

Because of its low levels in breastmilk, 
amounts ingested by the infant are small 
and would not be expected to cause 

any adverse effects in breastfed infants.

Enalapril D

Because of its low levels in breastmilk, 
amounts ingested by the infant are small 
and would not be expected to cause 

any adverse effects in breastfed 
infants.

Lisnopril D

Because no information is available on its 
use during breastfeeding, an alternate 

drug may be preferred, especially while 
nursing a newborn or preterm infant.



Medication 
Pregnancy 
risk factor

Use in lactation

Losartan D

Because no information is available on its 
use during breastfeeding, an alternate 

drug may be preferred, especially while 
nursing a newborn or preterm infant

Valsartan D

Because no information is available on its 
use during breastfeeding, an alternate 

drug may be preferred, especially while 
nursing a newborn or preterm infant.





CALCIUM-CHANNEL BLOCKERS

 All CCBs inhibit the movement of extracellular calcium.

 CCBs effectively lower BP.

 Elderly and black patients generally have greater BP 
reduction with a CCB than with other agents (β blockers, ACEIs, 
ARBs).

 The addition of a diuretic to a CCB provides additive 
antihypertensive effects, but is not usually as effective as the 
combination of an ARB with a CCB.



Calcium-
Channel 
Blockers

Dihydropyridines

(e.g. nifedipine, 
amlodipine)

Potent vasodilators of 
peripheral and coronary 

arteries

Do not block AV nodal 
conduction

Decrease cardiac 
contractility and should 
be avoided in patients 
with left ventricular 

dysfunction

Nondihydropyridine

(e.g. diltiazem & 
verapamil)

Only moderately potent 
vasodilators

Directly decrease AV 
nodal conduction and 

have greater decreases 
in cardiac contractility







Calcium-Channel Blockers in Hypertension













CALCIUM-CHANNEL BLOCKERS SIDE EFFECTS

• Related to their potent vasodilatory
effects

• Mostly seen with dihydropyridines

Tachycardia & 
headache

• Mostly seen with non-dihydropyridines
Heart block & 

decrease in heart 
rate

• Specially seen with dihydropyridines
• A dose-dependent side effect
• A direct result of the potent 

peripheral arterial vasodilation
• Reduce the dose or to add an agent 

that blocks the RAAS

Peripheral edema



• Dizziness, hypotension, headache, 
flushing, digital dysesthesia, and nausea

Excessive 
vasodilation

•Especially with dihydropyridines and 
verapamil (over 25%)Constipation

Gingival hyperplasia
• Especially with dihydropyridines



RESISTANT HYPERTENSION

 It is defined as a failure to attain BP goal despite treatment 
with a three-drug regimen that uses full 
antihypertensive doses (one of which is a diuretic)

OR

 Any patient requiring four or more antihypertensive 
agents regardless of BP goal attainment

 In an unselected, population based sample of 15,968 adults 
in the United States, the prevalence of resistant 
hypertension was 12.8 percent among those treated with 
antihypertensive medications.





Pharmacological treatment of resistant hypertension



Recommendation for combining blood-
pressure-lowering drugs



Rationale for use of device therapy in resistant hypertension





Third-line Antihypertensive Agents 













Alpha 1 blockers

(e.g., prazosin, 
terazosin)

Tamsulosin

May enhance the 
antihypertensive effects of 

alpha 1 blockers. Avoid 
combination  



Alpha 1 blockers

(e.g., prazosin, 
terazosin)

Phosphodiesterase-5 
inhibitors

(e.g., Sildenafil, 
Tadalafil

May enhance the 
antihypertensive effects of 

alpha 1 blockers. 



Alpha 1 
blockers side 

effects

Postural 
hypotension

Dizziness

PalpitationsHeadache

Lassitude



Side effects of third-line 
antihypertensive agents  

α blockers

Orthostatic 
hypotension

Reflex 
tachycardia

Drowsiness

Headache

Weakness

α2 agonists

Fluid 
retention

Sedation

Dry mouth

Postural 
hypotension

Rebound 
hypertension



Medication 
Pregnancy 
risk factor

Use in lactation

Prazosin C

Because little is available on its use 
during breastfeeding, an alternate drug 

may be preferred, especially while 
nursing a newborn or preterm infant.

Terazosin C

Because little is available on its use 
during breastfeeding, an alternate drug 

may be preferred, especially while 
nursing a newborn or preterm infant

Doxazosin C

Limited information indicates that 
maternal doses of 4 mg daily produce low 

very levels in milk and would not be 
expected to cause any adverse effects in 
breastfed infants.  Peak concentrations 
occurring about 1 hour after an oral 

dose.



Centrally acting 
agents

Tricyclic
antidepressants

TCA may inhibit the 
antihypertensive effects of 
methyldopa or clonidine  



Centrally acting 
agents MAO inhibitors

MAOI may enhance the 
antihypertensive effects of 
methyldopa or clonidine  



Medication 
Pregnancy 
risk factor

Use in lactation

Methyldopa B

Because of its low levels in breastmilk, 
amounts ingested by the infant are small 
and would not be expected to cause any 
adverse effects in breastfed infants. No 
special precautions are required.

Clonidine C

Because of the high serum levels found in 
breastfed infants, possible infant side 

effects, and the possible negative effects 
on lactation, other agents may be 

preferred, especially while nursing a 
newborn or preterm infant (<34 weeks 

gestation).







Side effects of third-line 
antihypertensive agents  

Hydralazine

Fluid retention

Reflex 
tachycardia

Lupus

Minoxidil

Fluid retention

Reflex 
tachycardia

Hypertrichosis



DIRECT VASODILATORS

 Contraindications

Patients with coronary artery disease (e.g., MI)

Patients with multiple cardiovascular risk 
factors

Patients with pericardial effusion/tamponade



Medication 
Pregnancy 
risk factor

Use in lactation

Hydralazine C

Limited milk level and infant serum level 
data and a long history of use in 

postpartum mothers indicate that it is an 
acceptable antihypertensive in 

nursing mothers, even those nursing 
newborns.

Minoxidil C

Because of the minimal amount of 
information on this potent agent, use 

minoxidil with caution, particularly 
when therapy involves a large dosage or 

in newborns







Pharmacological/Pharmacokinetic Properties of β
Receptor Blocking Agents



Third-Generation β Receptor Antagonists with 
Additional Cardiovascular Actions: Proposed 

Mechanisms Contributing to Vasodilation



Mechanisms underlying actions of 
vasodilating b blockers in blood vessels



Medication
Brand 
name

Dosage form
Dosing in 

adults
Administration

Atenolol Tenormin®
Tablet 50 & 100 

mg

Initial: 25-50 
mg daily

Maximum: 100 
mg daily

May be 
administered 

without regard to 
meals

Metoprolol
Lopressor®, 
Metoral®,

Methohexal®

- Tablet 50 & 
100 mg

-Tablet extended 
release 23.75, 
47.5 & 95 mg

- Injection 5 mg

Initial: 50 mg 
twice daily

Usual: 50-100 
mg twice daily
Maximum: 450 

mg daily

-Take immediate 
release tablets with 

food.
- Extended release 

tablets can be taken 
with or without food
- Extended release 

tablets may be 
divided in half, but 

do not crush or 
chew.



Medication
Brand 
name

Dosage 
form

Dosing in 
adults

Administration

Propranolol
Inderal®, 
Pranol®

Tablet 10, 20, 
40 & 80 mg

Injection 1 mg

Initial: 40 mg 
twice daily

Usual: 120-240 
mg/day in two 

to three 
divided doses

Maximum: 640 
mg daily

Oral: Tablets 
should be taken on 

empty stomach.
IV: May be 

administered as 
rapid infusion (1 

mg/min) or over 30 
min

Carvedilol

Coreg®, 
Coryol®,
Cardiol®, 
Carvidal®

-Tablet 6.25, 
12.5 & 25 mg

Initial: 6.25 
mg 

twice daily
Usual: 6.25-25 
mg twice daily
Maximum: 25 
mg twice daily

Administer with 
food to minimize 

orthostatic 
hypotension

Bisoprolol
Concor®,
Betalco®

- Tablet 2.5, 5 
& 10 mg

Initial: 5 
mg/day

Usual: 10 
mg/day

Maximum: 20 
mg/day

May be 
administered 

without regard to 
meals



Common β-Blockers in Hypertension



























BETA ADRENERGIC RECEPTOR 
BLOCKERS

 Indications

Atenolol Metoprolol

Treatment of hypertension alone or in 
combination with  other agents

Treatment of hypertension alone or in 
combination with  other agents

Management of angina pectoris Management of angina pectoris

Secondary prevention post-myocardial 
infarction

Secondary prevention post-myocardial 
infarction

Management of atrial fibrilation Management of atrial fibrilation

Management of supraventricular and 
ventricular arrhythmia

Management of supraventricular and 
ventricular arrhythmia

Management of acute ethanol 
withdrawal (in combination with a 

benzodiazepine)
Migraine prophylaxis

--- Treatment of essential tremor

--- Treatment of stable heart failure



BETA ADRENERGIC RECEPTOR 
BLOCKERS

 Indications

Propranolol Carvedilol

Treatment of hypertension alone or in 
combination with other agents

Treatment of hypertension alone or in 
combination with  other agents

Management of angina pectoris Management of angina pectoris

Secondary prevention post-myocardial 
infarction

Secondary prevention post-myocardial 
infarction

Management of atrial fibrilation Management of atrial fibrilation

Management of supraventricular and 
ventricular arrhythmia

Variceal hemorrhage prophylaxis

Treatment of essential tremor, tremor 
due to hyperthyroidism or lithium

Treatment of stable heart failure

Migraine prophylaxis ---

Variceal hemorrhage prophylaxis ---



BETA ADRENERGIC RECEPTOR 
BLOCKERS

 Contraindications

Second- or third-degree heart block

Severe sinus bradycardia

Cardiogenic shock or decompensated heart failure

Prinzmetal variant angina

Severe peripheral vascular disease

Pheochromocytoma

Bronchial asthma



Side 
effects of 

beta 
blockers

Hyperkalemia

Increase in 
TG & 

decrease in 
HDL

Increased 
airway 

resistance

Masking 
hypoglycemia 

sign & 
symptoms

Depression, 
fatigue & 

sexual 
dysfunction

Nightmare or 
Insomnia



If β-blocker therapy is 
abruptly stopped, rebound 

hypertension include 
headache, tachycardia, and 

possibly anxiety.



If a β-blocker must be
discontinued, rebound 

hypertension or 
ischemia can be avoided
by gradually decreasing 

the dose by 50% for 3 
days and then by

another 50% for 3 days.



Medication 
Pregnancy 
risk factor

Use in lactation

Atenolol D

Because of its relatively extensive 
excretion into breastmilk and its 

extensive renal excretion, other agents 
may be preferred while nursing a 

newborn or preterm infant (<44 weeks 
postconceptual age) or with high maternal 

dosages

Metoprolol C

Because of its low levels in breastmilk, 
amounts ingested by the infant are small 
and would not be expected to cause any 

adverse effects in breastfed infants. 
Studies on its use during breastfeeding 
have found no adverse reactions in 

breastfed infants



Medication 
Pregnancy 
risk factor

Use in lactation

Propranolol C

Because of its low levels in breastmilk, 
amounts ingested by the infant are small 
and would not be expected to cause any 
adverse effects in breastfed infants. No 
special precautions are required. 

Peak concentrations occurring about 2-3 
hours after an oral dose.

Carvedilol C

Because there is no published experience 
with it during breastfeeding, other 

agents may be preferred, especially 
while nursing a newborn or preterm 

infant

Bisoprolol C



HYPERTENSIVE CRISES



CASE*

Identifying data
 A 41-year-old married man admitted to the emergency 

department

Chief complains
 Confusion & disorientation

 Patel S, Robinson R, Burk M. Hypertensive crisis associated with St. John's Wort. Am J Med. 2002٭
Apr 15;112(6):507-8.



CASE

 Present illness (Cont.)

 The patient was unable to answer any questions about the 8 hours 
when he was alone.

 He did not know his date of birth.

 The patient reported eating aged cheeses and pouring a glass of red 
wine shortly after his wife had left for work that evening of 
admission.

 The patient began taking a commercial St. John’s Wort preparation 7 
days before admission to help relieve work-related stress.



CASE

Past medical history
 Not significant

Past drug history
 No other medications, vitamins, or herbal products

Past family history
 Not mentioned



CASE

Physical examination

 Blood pressure = 210/140 mm Hg

 Pulse rate = 115 beats per minute

 Respiratory rate = 16 breaths per minute

 Temperature = 37.4°C



CASE

Laboratory data

 Levels of electrolytes, hepatic transaminases, arterial blood gases, 
free thyroxine, free triiodothyronine, thyroid-stimulating hormone, 
and troponin I were unremarkable.

 Urinalysis, electrocardiogram, noncontrast CT scan of the head, CT 
scan of the chest and adrenal glands, and toxicology screen were 
also unremarkable.

 Urine catecholamine levels, including 5-hydroxyindole acetic acid, 
vanillylmandelic acid, metanephrine, normetanephrine, 
epinephrine, and dopamine were within normal limits.



CASE

Diagnosis

Hypertensive crisis due to interaction of a 
monoamine oxidase inhibitor (St. John’s Wort) 
with tyramine-rich foods (aged cheeses & red 
wine) 



DEFINITION

 An acute, life-threatening status associated with 
diastolic blood pressure >120 mmHg and/or systolic 
blood pressure > 180 mmHg).

 Hypertensive crises are divided into

 Hypertensive emergency

 Hypertensive urgency



CLASSES

 Hypertensive emergency
 It is associated with end-organ damage
 Central nervous system (CNS)
 Cardiovascular system
 Kidneys

 Requires immediate therapy to decrease blood pressure within 
minutes to hours

 Hypertensive urgency
 With no evidence of target organ damage
 No benefit from rapidly reducing blood pressure 



Hypertensive emergency

 Accelerated hypertension
 It is associated with exudates and retinal hemorrhages 
(flame-shaped) 
 Corresponding to grade 3 Keith-Wagener 
retinopathy

 Malignant hypertension
 It is associated with papilledema (swelling of the optic disc)
 Corresponding to grade 4 Keith-Wagener retinopathy





Hypertensive Emergencies Versus Urgencies



 Epidemiology

 Up to 1% of hypertensive patients would have suffered a 
hypertensive crisis at some stage in their lives.

 The average age at diagnosis is 40 years.

 Men are affected more often than women.

 Black people and smokers are at higher risk than the general 
population.

 The lack of primary health care and poor compliance with 
antihypertensive therapy are suggested as the main risk factors.



Pathophysiology

 The pathogenesis is not fully understood.

 The ensuing rise in pressure in the arterioles and capillaries
leads to damage to the vascular wall.

 Disruption of the vascular endothelium then allows plasma 
constituents (including fibrinoid material) to enter the vascular 
wall.

 Fibrinoid necrosis of arterioles and small arteries results in 
microangiopathic hemolytic anemia. 



 Etiology

 In white people, only 20-30% of cases are associated with 
primary hypertension.

 In black people, 80% of patients develop hypertensive crisis 
have essential hypertension.

 A renovascular origin is found in one-third of cases of 
malignant and refractory hypertension.





 Clinical manifestations

 In one review, the most common presentations of 
hypertensive emergencies at an emergency department were 

 Chest pain (27%) 

 Dyspnea (22%)

 Neurologic deficit (21%)



Clinical 
manifestations 

Cardiac

Angina

Myocardial 
infarction

Pulmonary 
edema

Renal

Hematuria

Proteinuria

Oliguria

Neurologic

Headache

Restlessness

Confusion

Visual 
disturbance

Seizure



Management

 Goal of therapy in hypertensive emergency

 The initial aim of treatment is to rapidly lower the diastolic 
pressure to about 100-105 mmHg (or 160/100 mmHg).

 This goal should be achieved within 2-6 hours.

 Maximum initial fall in BP not exceeding 25% of the presenting 
value.

 Then, a gradual reduction to normal BP during the next 8 to 24 
hours.



For most hypertensive 
emergencies, mean 
arterial pressure 

should be reduced by 
about 10 to 20% in the 

first hour and then 
gradually during the 

next 23 hours. 



Final mean arterial 
pressure should be 

reduced by about 25% 
compared to baseline.  







In patients with head trauma, 
hypertension is treated only if the 
cerebral perfusion pressure (mean 

arterial pressure minus intracranial 
pressure) is > 120 mmHg and the 

intracranial pressure is > 20 mmHg.  





 Goal of  therapy in hypertensive emergency

 More aggressive hypotensive therapy may reduce the blood 
pressure below the autoregulatory range.

 Possibly leading to ischemic events (such as stroke or coronary 
disease)

 Once the BP is controlled for 8 to 24 hours, the patient should 
be switched to oral therapy.



 Goal of  therapy in hypertensive urgency

 Diastolic pressure should gradually reduced to 85-90 mmHg 
over 2-3 months. 

 Initial reduction to a diastolic pressure of approximately 100 
mmHg is often associated with a modest worsening of renal 
function.

 This change is typically transient.

 Renal perfusion improves over 1-3 months. 



Oral medications commonly used for 
treatment of hypertensive urgencies



Nifedipine, when given
orally or by the “bite and swallow” 

method, has been associated with life-
threatening adverse events related to 

ischemia, MI, and stroke.

Administration of immediate-release 
nifedipine capsules or other rapidly 

acting calcium-channel blockers 
sublingually, by the “bite and chew” 

method, or by swallowing intact is not 
recommended.



HYPERTENSIVE CRISES







• A loop diuretic (e.g., 
Furosemide) along with 
nitroprusside or nitroglycerin 
are recommended. 

• Beta blocker  (e.g., Labetalol) 
should be avoided. 

Acute 
heart 

failure

• Nitroglycerin, nicardipine or 
esmolol are recommended to 
reduce underlying coronary 
ischemia and increased 
myocardial oxygen 
consumption.  

Acute 
coronary 
syndrome



 Sodium nitroprusside (Nitropress®)

 Generally considered to be the most effective parenteral drug 
for most hypertensive emergencies.

 Due to very short duration of action (1-10 minutes), the risk of 
hypotension is minimal. 



 Sodium nitroprusside (Cont.)

 Because it is light-sensitive, the containers must be light-resistant.

 The major limitation to the use of nitroprusside is cyanide or 
thiocyanate toxicity.

 The current FDA recommendation is that maximum doses of 10 
µg/kg/min should never be given for more than 10 minutes.

 Nitroprusside in high doses may increase intracranial pressure, which 
could limit its usefulness in patients with central nervous system 
complications.

 Nitroprusside should not be given to pregnant women.



 Nitroglycerin

 Its action and pharmacokinetics profile are similar to nitroprusside.

 It may be most useful in patients with symptomatic coronary disease and in 
those with hypertension following coronary bypass.

 Tolerance to nitroglycerine develops if it is administered continuously for 24-
48 hours.

 Glass containers must be used because polyvinyl chloride containers and 
tubing may absorb it in an unpredictable manner

 It is contraindicated for cerebral hemorrhage, because it may increase 
intracranial pressure.



Labetalol (Trandate®)

 Nonselective beta & alpha adrenergic blocker

 It is safe in patients with active coronary disease since it does 
not increase the heart rate.

 Its administration does not require intra-arterial BP monitoring.

 It should generally be avoided in patients with asthma, chronic 
obstructive lung disease, heart failure, bradycardia or greater 
than first-degree heart block.



 Esmolol (Brevibloc®)

 An ultrarapid, short-acting beta selective blocker

 It has been only approved for perioperative hypertensive 
emergencies.

 Its administration requires a line for intra-arterial BP 
monitoring.

 It is contraindicated for cocaine toxicity when used alone and in 
heart failure, chronic obstructive pulmonary disease/asthma, 
and atrioventricular block.



 Hydralazine

 It is indicated only for pre-eclampsia and eclampsia.

 The hypotensive response to hydralazine is less predictable 
than that seen with other parenteral agents.

 A beta-blocker should be given concurrently to minimize reflex 
sympathetic stimulation. 

 It can be given as an intravenous bolus (maximum, 20 mg).



 Phentolamine

 A competitive, non-selective α blocker

 Its use is limited to the treatment of severe hypertension due to increased 
catecholamine activity such as:

 Pheochromocytoma

 Tyramine ingestion in a patient being treated with a monoamine oxidase
inhibitor

 It is given as an intravenous bolus (5-10 mg).



 Hydralazine

 It is indicated only for pre-eclampsia and eclampsia.

 The hypotensive response to hydralazine is less predictable 
than that seen with other parenteral agents.

 A beta-blocker should be given concurrently to minimize reflex
sympathetic stimulation. 

 It can be given as an intravenous bolus (maximum, 20 mg).



HYPERTENSIVE CRISES

 Mortality/Morbidity

 Previous approximate survival rates were 
 75-85%: 1-year
 60-70%: 5-years
 45-50%: 10-years

 With current therapy, the survival rates are
 Greater than 90%: 1-year
 80%: 5-years




