1. Blood Pressure Background

B

lood pressure is the force created by each heartbeat as
blood is pumped through the circulatory vessels of the
body. Blood pressure values help the physician confirm
the functional well-being of the patient’s cardiovascular system.
The lower the systolic and diastolic pressures, the better the longterm prognosis.
Today, determining blood pressure is a routine clinical measurement and is an important index of present cardiovascular function
and risk of future cardiovascular health.

Review of Blood Pressure Anatomy
and Physiology
ABOUT THE CARDIOVASCULAR SYSTEM
The cardiovascular system consists of the heart and blood vessels functioning together to circulate blood throughout the body.
Oxygen-laden, nutrient-rich blood is pumped from the heart to the
entire body through
l arteries, which branch into
l arterioles (smaller arteries) and then into
l capillaries, which are microscopic vessels.
After exchanging its load for waste products, the de-oxygenated
blood returns to the heart via
l veins and
l venules (smaller veins)
and then it is pumped back to the lungs for carbon dioxide removal
and oxygen replenishment.
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WHAT IS BLOOD PRESSURE?
As the blood travels through the arteries, it exerts pressure against
the artery walls. This is blood pressure.

Systolic pressure is the blood pressure when the heart contracts.
Systole means contraction, so systolic pressure is the surge of
pressure that results from ventricular systole.
Diastole means rest or relaxation, and diastolic pressure is the
low blood pressure that occurs as a result of ventricular diastole.

Self-Check...
The cardiovascular system is composed of the
and the

.

There are
types of blood vessels. The vessels which carry
oxygenated, nutrient-rich blood to all parts of the body are called
I

,&

The vessels which return oxygen-poor blood back to the heart are
.
&
called
is a routine clinical
Today, determining
measurement and is an important index of present cardiovascular
function and risk of future cardiovascular health.
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THE PRESSURE CYCLE
Each time the heart beats, the pressure rises to systolic pressure
and falls to diastolic pressure to create a pulse. The heart beats
about 100,000 times a day and creates as many pressure cycles.
When this repeating cycle of blood pressure is plotted, a series of
waves are shown:

l-

mmHg -L

Systolic Pressure

Diastolic pressure

In the above graph, the peak of the wave represents systolic pressure (maximum arterial pressure), and the trough or low point of
the wave represents diastolic pressure (minimum arterial pressure).
The pressure measurements are standardly expressed in millimeters of mercury (mmHg), which is the unit of measurement found
on a mercury column pressure gauge.
For every pulse pressure wave, here is the average overall blood
pressure, between systolic and diastolic, which is called the Mean
Arterial Pressure (MAP).

Self-Check...
The surge of pressure that results from ventricular systole (the
heart’s contraction) is called
pressure.
The low pressure that occurs during ventricular diastole (the heart’s
pressure.
rest phase) is called
When the blood pressure cycle is plotted on a graph, each pulse
looks like a wave, The peak of the wave corresponds to maximum
pressure. The
arterial pressure or
trough of the wave corresponds to the arterial pressure at rest,
pressure.
or
Mean arterial pressure is

.
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KEY FACTORS AFFECTING BLOOD PRESSURE
Blood pressure fluctuates, almost from moment to moment, in
response to internal and external influences like emotional stress,
temperature changes, drugs, and the body’s metabolic needs.
There are five factors that interact to regulate blood pressure:

Cardiac output - Heart rate and stroke volume control the cardiac
output. Raising either the heart rate or the stroke volume increases
output, and subsequently increases blood pressure.

Blood volume - Blood volume can vary with the addition or
subtraction of fluids. If blood is lost through injury, the body must
compensate to maintain blood pressure. If the body retains fluids,
there is excess volume and again the body must compensate.

Blood viscosity - The blood’s viscosity usually remains the same,
but in certain abnormal conditions, such as hemorrhage or severe
anemia, this factor becomes important.

Arterial wall elasticity - Healthy vessels normally expand to
accommodate the force of the heart’s contractions, then rebound
during diastole. Disease can harden the vessels and decrease the
arterial wall elasticity. If the arterial walls lose elasticity, the diastolic
blood pressure is increased.
Peripheral resistance - The amount of friction between the
blood and peripheral vessel walls is the peripheral resistance. This
factor increases as blood viscosity increases, or as wall elasticity
decreases. If there is more resistance, the heart must work harder
to pump the blood.
The size of the vessel’s lumen (opening) also affects resistance.
The vessel walls can expand and contract to increase or decrease
blood flow in response to temperature changes, exercise, stress,
or other stimuli.

4-BP Background

(cross section of an arteriole)
Vasoconstriction is vessel wall contraction. When the
smooth muscles within the vessel wall contract, the
lumen shrinks and flow is decreased. Peripheral resistance and blood pressure increase during vasoconstriction.
Vasodilation is vessel wall expansion. The lumen size
expands and flow is increased. During vasodilation,
peripheral resistance and blood pressure decrease.
Arteriosclerosis, a disease in which the vessel walls
thicken and lose elasticity, also increases peripheral
resistance. The reduced lumen size increases blood
pressure.

Self-Check...
Five factors that regulate blood pressure are:

,
,

,
J

.

&

When hear? rate or stroke volume increases, then the blood
pressure (increases) or (decreases).
When arterial walls lose
because of disease,
then the diastolic pressure (increases) or (decreases). The disease
,
is called
between
Peripheral resistance is the amount of
the blood and peripheral vessel walls. As resistance increases,
blood pressure (increases) or (decreases) and the heart must work
harder to pump the blood.
Vessel wall contraction is called
wall expansion is called

, and vessel
.
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AUTOREGULATION

OF

BLOOD

PRESSURE

Autoregulation refers to physiological processes by which our
bodies maintain balance of blood flow. Autoregulation governs
involuntary functions like heart rate changes, and vasoconstriction
of the blood vessels in direct response to nerve stimulation.
Through this regulating process, cold temperature causes an
immediate vasoconstricting response in blood vessels which are
in areas exposed to cold, and this helps to conserve body heat.
Similarly, pain, stress, and anxiety evoke vasoconstriction; this
serves to minimize blood loss in injured tissues.
These examples of autoregulation increase blood pressure, but
autoregulation can also cause vasodilation and decrease the blood
pressure. Food in the gut activates stretch receptor nerves that
dilate vessels and increase blood flow to the digestive organs.
Unfortunately, autoregulation decreases flow to the brain while
digestion is carried out, so that our brain wants to nap after a
big meal!
THE NEUROENDOCRINE SYSTEM ROLE IN
AUTOREGULATION

Besides constriction/dilation response to external stimuli,
there is a much more complex, and highly coordinated form of
autoregulation called the neuroendocrine system. The central nervous system, kidneys, heart and endocrine glands systematically
interact to stabilize and maintain blood pressure within safe limits.
Baroreceptors (tension-sensitive sensory receptors) trigger complex chain reactions that stimulate hormone production and
prompt the heart or kidneys to action.
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THE NEUROENDOCRINE

SYSTEM

Sympathetic
nervous system
stimulation,
producing
norepinephrine

*
ADH
release

Norepinephrine
release

Constriction of
peripheral
vessels

Angiotensin II
production

b

increased cardiac
contractility
and rate

Increased
cardiac
output

--

Mineralocorticiods

Increased
blood pressure

This chart provides an overview of neuroendocrine regulation, and
may be helpful to refer back to when reviewing drug therapy.
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THE ROLE OF THE KIDNEYS IN AUTOREGULATION
In simple terms, the kidneys help stabilize blood pressure by regulating blood volume. When the blood pressure starts to drop below
normal, the kidneys conserve sodium and water. If blood pressure
rises above normal, the kidneys excrete sodium and excess water
to lower the volume and normalize blood pressure. If hypertension
continues indefinitely, the kidneys may become damaged and
begin to lose their ability to deal with the problem.

Normal Kidney

Self-Check...
If blood volume increases because excess fluid is being retained by
the body then blood pressure (increases) or (decreases).
Cold temperature, pain, stress, or anxiety cause (vasoconstriction)
or (vasodilation).
The organ responsible for regulating blood volume is the
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Blood Pressure Measurement
DIRECT MEASUREMENT METHOD
Blood pressure can be directly measured by inserting a needle or
catheter, fitted to a pressure transducer, into an artery. The transducer measures the pressure beat by beat as blood is pumped
through the vessels. The patient’s blood pressure waves and
updated pressure values can be viewed in real time (continuously
as they occur, beat by beat) on a monitor.
The disadvantage of this method is the risk of infection associated
with invasive procedures. The technique is impractical for non-hospitalized patients.

CATHETERIZATION OF AN ARTERY
FOR PRESSURE DETERMINATION.

Self-Check...
What is the drawback of the direct measurement method?
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indirect methods are noninvasive and avoid the infection complications that are associated with invasive techniques. Several
measurement technologies are discussed here:

The Auscultatory Method requires the use of an inflatable cuff,
a microphone (or stethoscope) placed over the brachial artery, and
a pressure gauge. The cuff is wrapped around a limb, usually the
upper arm, then the cuff is inflated to fully-occlude (compress) the
main artery. (There will be no beating heart sounds detected by the
microphone if the artery is sufficiently compressed.)
As the cuff is slowly deflated and the pressure falls enough to allow
blood to flow through the artery, heart sounds will appear. As the
pressure in the cuff deflates enough to equal the resting pressure
in the blood vessels, the sounds become faint and then disappear.
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Occluding-cuff method of measuring blood pressure indirectly.
Cross-sectional areas of brachial artery below cuff during deflation
are shown. (Adapted from American Heart Association, Pub. #70
1005, 1987, p. 5.)

10-BP Background

The heart sounds (Korotkoff sounds) heard during the deflation
of the cuff correspond to each cardiac beat. The characteristic of
the sounds change during deflation and have been described in
distinct phases:
Phase I:

The pressure level at which the first faint, clear tapping
sounds are heard. The sounds gradually increase in
intensity as the cuff is deflated.

Phase II: That time during cuff deflation when a murmur of swishing sounds are heard.
Phase Ill: The period during which sounds are crisper and increase
in intensity.
Phase IV: That time when a distinct, abrupt, muffling of sound
(usually of a soft, blowing quality) is heard.
Phase V: That pressure level when the last sound is heard and
after which all sound disappears.
The pressure at which the first Korotkoff-sound is detected is
the systolic pressure, and the pressure at which the last sound is
heard is the diastolic pressure. The auscultatory method is used in
sphygmomanometry, which is the gold standard of blood pressure
measurement used the physician’s office.
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Oscillometry includes the use of an inflatable arm cuff and a
pressure sensor within the monitor that will measure the subtle
pressure changes (oscillations) of each pulse. The cuff is inflated
to fully-occlude the main artery so that the artery’s wall motion is
stopped. Then, the cuff is gradually deflated so that blood can
once again pulse through the artery. The oscillations are recorded
as the cuff deflates.
When the oscillations of pressure in a sphygmomanometer cuff are
recorded during gradual deflation, the point or maximal oscillation
corresponds to the Mean Intra-Arterial Pressure. The oscillations
begin approximately at systolic pressure and continue below diastolic pressure, so that systolic and diastolic pressure can only be
estimated indirectly according to some empirically derived algorithm.

1 Korotkoff
sounds
Blood
pressure
(mmHg)

Cuff
- pressure

I

I

5 seconds

The oscillometric technique of measuring blood pressure. Note
that the cuff oscillations do not exactly correspond to the appearance and disappearance of Korotkoff sounds.
Source: Pickering, TG; Modern Approaches to Blood Pressure Measurement.
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SPHYGMOMANOMETRY: STANDARD MEASUREMENT
OF BLOOD PRESSURE IN THE PHYSICIAN’S OFFICE
Sphygmomanometry is a non-invasive, indirect, auscultatory
method for blood pressure measurement. It has become the gold
standard of measurement because, with faithfulness to proper
technique, the results are accurate.
Equipment Requirements:
l Cuff with properly fitted bladder
l Proper-size cuff for patient’s arm circumference
(should encircle about two-thirds of the upper arm)
l Properly-calibrated Sphygmomanometer (compared
and adjusted to set standard) and stethoscope
Blood Pressure Observer Skill Requirements:
l Should be familiar with proper technique
l
Good hearing
l Knowledge of the blood pressure sounds
Careful Patient Preparation:
l Seat patient in quiet room of comfortable temperature.
(Keep in mind that cold temperature induces vasoconstric
tion and raises blood pressure!)
l Patient should rest five minutes prior to measurement to
“normalize” blood pressure.
l Patient should not eat or smoke within thirty minutes prior.
l Position patient with arm unrestricted by clothing (bare is
best), arm extended with elbow at heart level. The palm of
hand should be up, with the arm supported.
l Note any environmental influences, such as anxiety, full
bladder, exertion, pain, or medications.
l Two more more reading should be averaged. If they differ
by more than five mmHg, additional readings should
be taken.
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THE SPHYGMOMANOMETRY PROCEDURE
FOR MEASURING BLOOD PRESSURE
The following steps make up the standard procedure for recording
blood pressure, as recommended by the American Heart
Association:
Recording Blood Pressure
1.

Situate the individual in a quiet environment with the arm resting
at heart level. Put him/her at ease and allow a 5-minute rest.

2.

Place the manometer at eye level, sufficiently close to read the
calibrations marking the gauge or column.

3.

Select the appropriately sized cuff. Bladder width should be at
least 40% of arm circumference; bladder length should be at
least 80% of arm circumference.

4.

Locate the brachial artery along the inner upper arm by palpation.

5.

Wrap the cuff smoothly and snugly around the arm, centering
the bladder over the brachial artery. The lower margin should
be 2.5 cm above the antecubital space. (Do not rely on cuff
marking; find the center by folding the bladder in half.)

6.

Determine the level for maximal inflation by observing the pressure at which the radial pulse is no longer palpable as the cuff
is rapidly inflated (palpated systolic) and by adding 30 mm Hg.
(Note the presence of an irregular pulse.)

7.

Rapidly and steadily deflate the cuff. Then wait 15 to 30
seconds before reinflating.

8.

Position the stethoscope over the palpated brachial artery
below the cuff at the antecubital fossa. Ear pieces should point
forward. The bell head of the stethoscope should be applied
with light pressure, ensuring skin contact at all points. Heavy
pressure may distort sounds.

9.

Rapidly and steadily inflate the ‘cuff to the maximal inflations
level as determined in Step 6.

10. Release the air in the cuff so that the pressure falls at a rate
of 2 to 3 mm per second.
11. Note the systolic pressure at the onset of at least two consecutive beats (Phase I) for both adults and children. Blood pressure levels should always be recorded in even numbers and
read to the nearest 2 mm Hg mark on the manometer.
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12. Note the diastolic pressure at muffling (Phase IV) for children
and cessation of sound (Phase V) for adults. Phase V, at which
the last sound is heard, is the diastolic pressure in adults.
Listen for 10 to 20 mm Hg below the last sound heard to
confirm disappearance, and then deflate the cuff rapidly and
completely. (See Table of Korotkoff Sounds for reference, if
needed.)
13. Record systolic/diastolic pressure. When the pressure at Phase
IV is recorded, the pressure at Phase V should also be recorded. Example: 108/64/52 or 11/66/0 mm Hg.
14. Record the patient’s position, cuff size, and the arm used for
the measurement.
15. Wait 1 to 2 minutes before repeating the pressure measurement in the same arm to permit the release of blood trapped
in the arm veins.
TABLE OF KOROTKOFF SOUNDS
Phase I:

The pressure level at which the first faint, clear tapping
sounds are heard. The sounds gradually increase in
intensity as the cuff is deflated.

Phase II:

That time during cuff deflation when a murmur of swishing sounds are heard.

Phase III: The period during which sounds are crisper and
increase in intensity.
Phase IV: That time when a distinct, abrupt, muffling of sound
(usually of a soft, blowing quality) is heard.
Phase V: That pressure level when the last sound is heard and
after which all sound disappears.
Note:

Diastolic pressure corresponds with Phase V (the last
audible sounds) in adults, and probably with Phase IV
in children.

Source: American Heart Association Publication 70-1005, 1987, pp 17-18.
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MEASUREMENT PROBLEMS/ SPECIAL CIRCUMSTANCES
IN SPHYGMOMANOMETRY (AND IN OTHER INDIRECT
METHODS OF MEASURING BLOOD PRESSURE)
Absent Phase V: In the special case where Phase V is absent,
(where K-sounds do not disappear but can be heard near 0 mmHg
pressure), Phase IV is considered a more reliable measurement of
diastolic pressure. This Absent Phase V condition is found in
infants, children, patients with high cardiac output (as in anemic or
pregnant patients, or immediately following exercise), or patients
with hyperthyroidism or aortic insufficiency.
When Phase V is absent, record the blood pressure as Systolic BP
/Phase IV BP/Phase V BP, such as 148/72/0 mmHg.
Auscultatory Gap: In some patients, especially hypertensives or in
patients with long “pauses” in their heart rhythms, the K-sounds
disappear during Phase I and reappear in Phase II. If the cuff is not
inflated above the actual systolic pressure but only to somewhere
within the gap, a falsely low systolic pressure will be detected.
Avoid error by determining the patient’s palpatory systolic pressure
before taking a blood pressure reading. Then, when taking the
reading, inflate the cuff 20 or 30 mmHg higher than this pressure.
PROCEDURE FOR DETERMINING
PALPATORY SYSTOLIC PRESSURE
l

l
l

l

Apply the blood pressure cuff and palpate the patient’s
radial pulse (use your index fingertip to find his pulse in
his wrist).
Rapidly inflate the cuff.
Note the pressure reading at the point when you no longer
feel the radial pulse. Continue to inflate the cuff until the
pressure is 20 mmHg higher than this point.
Release the air in the cuff at a rate of 2 mm/second. Note
the point at which the radial pulse returns -this is the
palpatory systolic pressure. It’s usually 5 to 10 mmHg
lower than auscultatory systolic pressure.
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Obesity: If the cuff size is too small for a person with large arms,
the readings could be falsely high. Ensure that the cuff’s bladder
width is forty to fifty percent of the measured arm circumference.
Pseudohypertension: In older patients with sclerotic or calcified
vessels, the stiff, hard vessels resist compression. High pressure is
required to compress the artery, so the systolic pressure reading
reads falsely high.

Self-Check...
The blood pressure measurement method that employs Korotkoff
sounds is called
.
In sphygmomanometry, during cuff deflation, the first K-sound is
heard at the
pressure, and the pressure at
which the last sound is heard is the
pressure.
Sphygmomanometry uses which method? (Auscultatory)
(Oscillometric)
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Classification of Office
Blood Pressure Measurements
Patients should be advised of their blood pressure measurements,
and if the results are in the higher end of the normal range, dietary
or lifestyle recommendations can be discussed as preventative
medicine. Abnormal blood pressure measurements may require
subsequent follow-up and treatment.
WHAT IS “NORMAL” BLOOD PRESSURE?
Traditionally, blood pressure diagnoses have been made on the
systolic blood pressure measurements. Adults age 18 and older
with diastolic pressures less than 85 mmHg are considered normotensive (within normal blood pressure range). Diastolic pressures of 85 to 89 are “high normal.”
Systolic pressures under 140 mmHg are considered normal.
HIGH BLOOD PRESSURE
In general, hypertension (sustained high blood pressure) in adults
is defined when a systolic pressure is greater than or equal to 140
mmHg and / or diastolic pressure is greater than or equal to 90
mmHg. A diagnosis of hypertension is made after two or more
time-spaced (taken days apart), consecutive blood pressure
measurements have readings that are high.

DEFINITION OF HYPERTENSION:
Systolic presasn;FoF 140 mmHg
Diastolic pressure 2 90 mmHg.
(Based on two or more consecutive high blood
pressure measurements, taken days apart.)
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MILD, MODERATE, OR SEVERE CLASSIFICATIONS OF HIGH
BLOOD PRESSURE:
Hypertension has been categorized as
Mild
(diastolic bp 90 to 104 mmHg),
Moderate
(diastolic bp 105 -114 mmHg), or
Severe
(diastolic bp > 115 mm Hg).
When systolic pressure is high but the diastolic pressure is within
normal range (< 90 mmHg), there are two classes:
Borderline Isolated Systolic Hypertension (systolic bp
140-159 mmHg) and Isolated Systolic Hypertension
(systolic bp 2 160 mmHg).
NEW BLOOD PRESSURE CLASSIFICATIONS
For many years the diastolic blood pressure (DBP) was considered
more important than the systolic blood pressure (SBP) because it
was believed to reflect the minimum pressure to which the arteries
are constantly exposed and because it seemed less variable.
However, numerous studies have shown that SBP measurement
is a better predictor of a person’s future risk of stroke and other
complications.
In 1992 a new blood pressure classification system was developed
by the National High Blood Pressure Education Program. This system charts the systolic SBP as well as diastolic pressure DBP in
assessing the severity of hypertension. These guidelines emphasize the belief that there is no precise distinction between normal
and abnormal.
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Self-Check...
or more office blood pressure measurements,
Based on
the definition of hypertension is systolic pressure 2
mmHg and /or diastolic pressure 2
mmHg.
In isolated systolic hypertension, the diastolic pressure is
(normal) (high) (low).
In the new classification system of adult blood pressure, there
are
normal groups and
hypertensive
groups called “stages. ”
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TYPES OF HYPERTENSION
There are medical references to several types of hypertension.
There are two main types, under which other types fall; these are
Primary and Secondary.

Primary (or Essential, or Idiopathic) hypertension is sustained
high blood pressure of unknown cause, and is by far the most
common form, accounting for 90% of all hypertensive cases.
Primary hypertension apparently develops on its own without the
influences of other primary diseases or physiological conditions.

Secondary hypertension refers to sustained elevated blood pressures which is caused by another influence such as
l primary disease (ex.: kidney abnormality, adrenal gland
tumor, congenital defect of the aorta),
l pregnancy, or
l medication (ex.: nasal decongestants, other cold remedies,
appetite suppressants, steroids, cyclosporin, tricyclic anti
depressants, birth control pills).
Secondary hypertension accounts for 10% of all hypertension
cases, and detected early can be a fleeting case of situational elevated blood pressure. Since the cause of the problem is known, it
should be controllable, if not reversible with proper management.
Other hypertension types include:

Severe hypertension occurs after sustained elevations of blood
pressure (diastolic > 115 mmHg) have gone unchecked and physiological breakdown begins. This disease state is controllable with
aggressive treatment measures, but it is often not detected until
end-organ damage has already begun.

Labile or episodic hypertension refers to intermittent high blood
pressures. Labile can be indicative of either primary or secondary
hypertension, but in either instance, it refers to “difficult to diagnose” pressures that do not appear to be consistent from day to
day, and are, therefore, very difficult to treat.

Acute hypertension is a fluid pressure imbalance, which increases
the artery’s permeability and allows fluid to shift. Edema and
inflammation result.

Benign hypertension refers to a gradual rise in blood pressure
with minimal clinical signs. The disease progresses slowly over
many years, rarely causing complications until it’s far advanced.
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Chronic hypertension occurs when the artery’s inner layer thickens, narrowing the lumen and reducing vessel elasticity.
Malignant hypertension (or accelerating or necrotizing hypertension) is sudden, sustained rise in blood pressure with dramatic
clinical signs shown in the heart, kidneys, or brain. If untreated,
the disease is fatal in about two years.
HYPOTENSION:

LOW

BLOOD

PRESSURE

There is one more blood pressure definition which should not be
overlooked. Hypotension is the condition of low blood pressure,
and can result in a lack of oxygen through the system, causing
dizziness and fatigue. Hypotension could appear suddenly as a
result of internal bleeding or trauma, or may be a side-effect of
certain anti-hypertensive drugs.

BP Background-25

Self-Check...
Hypertension is defined as systolic pressure that is 2
mmHg that is
mmHg and /or diastolic pressure 2
sustained for
or more consecutive high blood
pressure readings, taken days apart.
The 7992 blood pressure classifications recommended by the
National High Blood Pressure Education Program include Normal
and High Normal classifications, as well as
stages
of hypertension.
hypertension is caused by some
known cause, such as kidney abnormality, and accounts for
%
of all hypertension cases.
% of all hypertensive cases have no known cause; these
are examples of
hypertension.
hypertension is difficult to diagnose and
difficult to treat because the pressures are inconsistent from
day to day
Hypertension that appears during pregnancy and goes away after
childbirth would be
hypertension.
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PREVALENCE

OF

HYPERTENSION

An estimated 50 million adults and children in the United States are
hypertensive. Of these, it has been estimated that 70% have mild
hypertension (diastolic BP = 90-104 mmHg), 20% have moderate
hypertension (diastolic BP = 105-114), and 10% have severe
hypertension (diastolic BP > 115).

PREVALENCE OF HYPERTENSION
IN U.S. POPULATION

Normal

Treatment for hypertension is the number one reason why people
go to see physicians, and more drug prescriptions are written for
hypertension than any other disease.
WHAT CAUSES HYPERTENSION?
Most people with high blood pressure have what is called essential
or primary hypertension. Although the cause of primary hypertension is unknown, certain factors may contribute to its development.
The following conditions are associated with hypertension as possible risk factors.
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RISK

FACTOR

STATISTICS

Race:

African-Americans have almost a 33% greater
chance of having high blood pressure than AngloAmericans.

Sex:

There is greater frequency of hypertension among
males than females.

Age:

Systolic blood pressure advances with age. (This is
because arteriosclerosis, which is hardening of the
arteries, is a natural aging process.)

Heredity:

Having a family history of high blood pressure
increases a person’s likelihood of developing
hypertension by 30 - 60%.

Cardiovascular
Risk Factors: The health/habit factors affecting the cardiovascular system similarly increase the risk of developing
hypertension:
@Obesity causes a strain on the heart because of
the extra volume of fatty tissues that need continous blood supply. The cardiac output rises to
compensate, and the blood pressure is increased.
@Sedentary lifestyle, when combined with
overeating, can lead to excess weight and high
cholesterol levels. And because the body loses
strength and tone, small amounts of exertion can
stress the heart.
l Cigarette smoking is the biggest risk factor for
sudden cardiac death and for peripheral vascular
disease (narrowing of blood vessels carrying
blood to leg and arm muscles).
@Diabetes is the inability of the body to metabolize
or use glucose (sugar) properly. Because it affects
cholesterol and triglyceride levels, it can lead to
heart or blood vessel disease.
*High cholesterol diet encourages the formation
of placque in the arteries, clogging the lumen and
raising peripheral resistance, which raises blood
pressure.
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Cardiovascular risk factors, continued.
l Sodium intake, if excessive, leads to water retention and increased peripheral resistance. Lowsodium diets may be all that’s needed to control
blood pressure in some instances.
* Stress, either physical or emotional, can trigger
the neuroendocrine response and cause prolonged vasoconstriction. Stress also stimulates
cholesterol production, which contributes to
artherosclerosis.

Se/f-Check...
What is the number one reason why people in the U.S. go to
see physicians?
In primary hypertension, the cause is (unknown) (known).
Diabetes is a risk factor of cardiovascular disease, and so it is a risk
factor for developing hypertension. (true) (false)
Hardening of the arteries, known as
I
is a normal aging process and (increases) (decreases) systolic
blood pressure.
Obesity increases blood pressure. (true) (false)
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WHY IS HIGH BLOOD PRESSURE BAD?
Hypertension is an indicator that the heart is working harder than
normal and that the arteries are under a greater strain. Fortunately,
the heart, brain and kidneys are able to withstand increased pressure for long periods of time. That’s why many hypertensives may
go along for years without any symptoms, but that doesn’t mean
the problem should go untreated. Even people whose pressure is
in the high normal range are at risk of developing definite high
blood pressure and therefore should attempt lifestyle modifications.
The fact is that the number one killer of Americans isn’t cancer,
it’s cardiovascular disease, of which high blood pressure is closely
associated. Officially, only 30,000 people die each year due to
hypertension disease, yet, sixty percent of patients who suffer
heart attacks and nearly seventy percent of stroke patients are
hypertensive. It has been shown that treating the hypertension
has reduced the risk of other cardiovascular disease events.
LEADING CAUSES OF
United States: 1987
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Source: National Center for Health Statistics, U.S. Public Health
Service, DHHS and the American Heart Association
Fact: Cardiovascular disease is the number one killer in America.
Fact: In 1987, cardiovascular diseases killed nearly one million
Americans, almost as many as cancer, accidents, pneumonia,
influenza and all other causes of death combined.
Fact: Almost one in two Americans dies of cardiovascular disease.
High blood pressure may not at first appear as dangerous as it is.
But, because of the disguised mortality figures, and more important, because it is possible to have high blood pressure for years
without knowing it, the disease has earned the reputation as a
Silent Killer.
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TARGET-ORGAN DAMAGE
The risk of death and disability from heart attack, stroke and kidney failure increases progressively with higher levels of pressure.
When the heart pumps blood through the arteries with a great
force, it damages the inner lining of the vessels. Eventually, pathologic changes will take place, and as the vessels deteriorate, those
organs most dependent on a generous blood supply - the heart,
brain, kidneys, and the eyes - will be affected. This is called endorgan or target organ damage.
Target-organ damage can be seen in the organs most dependent
on optimal blood supply, and in the heart and blood vessels. Here
is a look at how hypertension will negatively affect these organs:

ARTERIES

AND

ARTERIOLES

Sustained high blood pressure will damage the elastic blood vessel
inner walls. Damaged cells separate from the wall, exposing tissue
beneath. The walls become scarred and lose elasticity.
Hypertension also accelerates cholesterol and fat accumulation by
pushing it into the artery walls, forming plaque. Plaque accumulates,
and causes hardening of the arteries, known as atherosclerosis.
Arterial damage is detrimental because hardened or narrowed
arteries may not be able to supply the amount of blood the body’s
organs need.

Atherosclerosis

There is also increased risk that a blood clot may lodge in a narrowed artery lumen, cutting off the blood supply to an organ. This
is called thrombosis.
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THE HEART
In hypertension, the heart is forced to work harder to push the
blood through the constricted arterial system. Adding to the heart’s
workload is the fact that the venous system, which normally protects
and slows down the rate of blood return to the heart, is damaged
and constricted. Thus, blood return to the heart rises, forcing the
heart to pump harder and faster to accommodate the flow.
To compensate, the heart enlarges like an overworked muscle to
maintain cardiac output. This enlargement is called ventricular

hypertrophy.
If the heart fails to compensate for its added workload, congestive
heart failure may result where blood flow backs up into the tissues.
Also, if the coronary arteries (which supply the heart’s own blood
supply) fail to meet the increased demands, or if fatty deposits
accumulate and narrow the flow, a heart attack or myocardial
infarction (death to heart muscle tissue) can occur.

Aorta
Aorta
Pulmonary
Artery
S u p e r i o r I/“3
Vena Cava ,I bj

,

icle
Ventricle
Normal Heart
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1.
Left Ventricular Hypertrophy

THE BRAIN
Hypertensive individuals are four times more likely to have a stroke
than those with normal blood pressure. As blood pressure increases,
damage occurs to the blood vessels in the brain (cerebral arteries),
and small bulging pockets in the weakened lining (aneurysms) may
form. Aneurysms can break suddenly causing a stroke - resulting in a hemorrhage in the brain.

Cerebral

Aneurysm
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THE KIDNEYS
High blood pressure can cause narrowing and thickening of arteries in the kidneys, reducing the amount of fluid that the kidneys
can process. Waste products from the body begin to accumulate
because the kidneys aren’t effectively filtering them out. As the
kidneys slow down and don’t regulate the body’s fluid balance
efficiently, blood pressure increases even more. This leads to
kidney damage, or kidney failure.

inferior Vena Cava

Sclerosis of Glomerulus
Normal Kidney
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THE EYES
In the eyes, hypertension causes the arterioles to constrict and
then the capillaries rupture. This condition is called retinopathy
and manifests itself in blurred vision or diminished visual acuity.
The severity of the disease can be graded by with the use of an
ophthalmoscope.

Normal Eye

Hypertensive

Normal Retina

Retinopathy

Self-Check...
Primary hypertension is usually caused by another occurring
disease. (true) (false)
Labile hypertension is

to diagnose.

Old age typically brings on hypertension. (true) (false)
People with high normal blood pressure who have no other symptoms are at risk of developing high blood pressure. (true) or (false)
Sustained hypertension may lead to damage in the arteries and
arterioles, and four other target organs including:
J
,&
I
.
When these tissues are damaged, this is called end-organ or
damage.
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Normal Blood Pressure Variability
Office blood pressure measurements reflect, or should reflect,
the patient’s relaxed, normal blood pressure value. However, it
has been shown that blood pressure varies considerably throughout the day, fluctuating with activity or in response to situations.
Also, studies have revealed the presence of a characteristic
pattern that occurs independent of activity, that is associated
with the 24-hour cycle of the day.
Evidence suggests that singular office blood pressure measurements do not necessarily reflect the patient’s blood pressure load,
and that whole day monitoring reveals a more accurate picture for
cardiovascular assessment. To understand this further, it’s important to realize how extrinsic (external) factors and intrinsic (inherent)
circadian rhythms affect individuals.
EFFECTS OF PHYSICAL AND MENTAL
ACTIVITY ON BLOOD PRESSURE VARIABILITY
Mood or a number of physical stimuli can produce transient
(temporary) changes in the blood pressure level.
Systolic
pressure
(mmHg)
Meetings
+20.2
Work
+16.0
Transportation
+14.0
Walking
+12.0
Dressing
+11.5
Chores
+10.7
Telephone
+9.5
Eating
+8.8
Talking
+6.7
Desk work
+5.9
Reading
+1.9
Business (at home) +1.6
Television
+0.3
Relaxing
+0
Sleeping
-10.0

Diastolic
pressure
(mmHg)
+15.0
+13.0
+9.2
+5.5
+9.7
+6.7
+7.2
+9.6
+6.7
+5.3
+2.2
+3.2
+1.1
+0
-7.6

Changes are shown relative to blood
pressure during rest.
Source: Pickering, TG; Ambulatory Monitoring
and Blood Pressure Variability London: Science
Press Ltd, 1991,4.10.
1991, 4.10
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Posture affects blood pressure modestly, with a rise in diastolic
pressure when the patient moves from a supine (lying) position to
an upright position, and a similar increase as the patient stands.
When posture alone is considered, the systolic pressure is little
affected. When posture and activity are considered together, such
as sitting versus standing and walking, the systolic pressure
increase is more dramatic.
Dynamic exercise raises systolic pressure during exercise, with
a steady return to pre-exercise level when the activity is stopped.
Exercise has a lesser effect on the diastolic pressure.
Static (isometric) exercise (such as weight-lifting) produces
strong increases in systolic and diastolic pressures.
Sexual intercourse is another form of exercise. Systolic and diastolic pressures tend to rise dramatically during sex, and then normalize within a few minutes afterward.
Urination and defecation produce a brief rise in pressure followed
by a sharp fall, and then a sharp rise back to a normal level.
Ingestion of food and drink affects both systolic and diastolic
pressure by lowering them.
Smoking increases systolic and diastolic pressures. The effect of
each cigarette lasts about fifteen minutes.
Alcohol in small quantities brings small changes to blood pressure.
In moderate to heavy drinking however (more than two drinks), there
is a strong association between alcohol intake and hypertension.
Caffeine increases blood pressure within fiieen minutes of ingesting
it and may last for three hours. The pressure rise is less pronounced
in habitual caffeine consumers. Decaffeinated coffee has little or no
effect on blood pressure levels.
Talking, as in reading aloud, causes an immediate increase in
systolic and diastolic pressures, and the pressures normalize once
talking stops. Speaking in front of a.group increases blood pressure
even more.
Mental activity and emotion increase blood pressure levels,
and the more intense the mood, the greater the rise. In studies
comparing gender, it was found that mood more greatly affected
the systolic pressure in men than in women. And, men showed
the biggest mood-related pressure during anger, while women’s
blood pressure was most-affected during anxiety.
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THE CIRCADIAN RHYTHM OF BLOOD PRESSURE
During each twenty-four hour period, blood pressure typically
follows a pattern characterized by an early morning peak, a plateau
with a second peak in the late evening, and a fall during the hours
of sleep. This appears to be an intrinsic circadian (daily) effect that
is independent of activity-related heart rate changes. The same
circadian rhythm also presents itself in patients with fixed-rate
cardiac pacemakers, which supports the implication that the
rhythm is independent of activity.
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Circadian pattern of blood pressure in normotensive men.

The circadian rhythm
follows a daily sleepwake cycle, but not
exclusively a daytime/
nighttime pattern.
Studies among shift
workers have shown
that the shift worker’s
“early morning” peak
corresponds to the
waking hours, not
to the time of day.
Blood pressure drops
approximately twenty
percent during bed
rest, and maintains a
low, consistent level
while a person sleeps.

SEASONAL VARIATIONS IN BLOOD PRESSURE
Where seasonal changes exist, blood pressure values tend to be
slightly higher (about 5 mmHg) in winter than in summer. There
seems to be a direct response to the change in environmental
temperatures.

Self-Check...
Based on the char? of blood pressure variability, how much would
talking raise the systolic and diastolic blood pressures (compared
to rest) during sphygmomanometry?
A pattern that occurs over a 24-hou r period is called a
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TREATMENT OF HYPERTENSION
The goal of hypertension treatment is to prevent death or damage
from the disease and to control blood pressure, while using the
least intrusive means possible. The first step in treatment is lifestyle
modification, and in some patients, this may successfully lower
blood pressure enough to avoid further steps. The next step adds
pharmacologic treatment to the lifestyle modifications, and further
drugs or different combinations may be added as severity or persistence of hypertension requires. The table below proposes current
guidelines:
INDIVIDUALIZED STEP-CARE THERAPY
FOR HYPERTENSION

Further Evaluation and /or Referral
or

Add Third or Fourth Drug

Add Third Drug of Different Class
or

Substitute

Second

Drug

Add Second Drug of Different Class
or

increase Dose First Drug Substitute Another Drug

Diuretic

Sodium

or

Beta Blocker

Calcium
Antagonist

Restriction

or

Ace
Inhibitor

Weight Control

Restriction

Lifestyle
Alcohol

or

Consider
Step-Down
Therapy
and
Continue
Lifestyle
Modifications.

Modifications’
Cardiovascular

Control Other
Risk Factors

* For some patients, lifestyle modifications should be tried first. If goal blood
pressure is not achieved, add pharmacologic therapy. Other patients may
require pharmacologic therapy as initial treatment. In these instances, lifestyle
modification may be a helpful adjunct.
Source: 1988 Report of the Joint National Committee on Detection, Evaluation,
and Treatment of High Blood Pressure, U.S. Department of Health and Human
Services (NIH Publication No. 88-1088, May 1988), 18.
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LIFESTYLE MODIFICATIONS
Changing lifestyles may adequately reduce and control blood pressure levels, and thereby avoid the need for antihypertensive medications. In addition, patients who currently have blood pressure in
the normal range have a better chance of preventing hypertension
if certain bad health habits are eliminated, and if good health habits
are learned.
The National High Blood Pressure Education Program outlined
the recommended lifestyle modification in their 1993 publication
(The Fifth Report of the Joint National Committee on Detection,
Evaluation, and Treatment of High Blood Pressure, U.S. Department of Health and Human Services, NIH Publication No. 93-1088,
January 1993, p. 11-15):

Tobacco Avoidance
No one, especially hypertensive patients, should smoke because it
is a major risk factor for cardiovascular disease.

Weight Reduction
Excess weight correlates closely with higher blood pressure, and
weight reduction usually results in lowering blood pressure. In
Stage 1 hypertension, overweight patients should adhere to a
weight reduction program for at least three to six months prior to
beginning antihypertensive medication. It is possible to avoid the
drug therapy altogether, or to greatly reduce the level of medication
required if the patient maintains an ideal weight.

Moderation of Alcohol Intake
Alcohol consumption should remain limited to one ounce of
ethanol daily, which is the equivalent of two ounces of 100 proof
whiskey, eight ounces of wine, or twenty-four ounces of beer.
Amounts beyond “light social drinking” can raise blood pressure
and cause resistance to antihypertensive therapy.

Physical Activity
Regular aerobic physical is helpful to prevent and treat hypertension. Non-active and unfit normotensive individuals have a 20 to 50
percent increased risk of developing hypertension when compared
to physically active normotensive peers. Exercise also enhances
weight loss programs.
The recommended physical activity needs to be only moderately
intense, such as 30 to 45 minutes of brisk walking three to five
times per week.
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Moderation of Sodium Intake
Hypertensives benefit from reducing their daily intake of sodium
to less than 100 mmol, which is less than six grams of sodium
chloride, or less than 2.3 grams of sodium. The average American
diet includes more than 150 mmol, so cutting back may require
a re-education in nutrition and food selection.
Potassium, Calcium and Magnesium
Deficiencies in potassium, calcium, or magnesium may increase
blood pressure, so a diet rich in these minerals, or taking supplements, is recommended.
Saturated Fat and Cholesterol
Dietary saturated fat and cholesterol should be avoided for the
benefit of overall cardiovascular health. Reducing fat also helps
maintain ideal weight, or assist in weight reduction.
The table below summarizes the recommended lifestyle
modifications.
LIFESTYLE

l
l

l
l

l

l

MODIFICATIONS FOR HYPERTENSION
CONTROL AND/OR OVERALL
CARDIOVASCULAR RISK

Lose Weight if overweight.
Limit alcohol intake to no more than 1 ounce of
ethanol per day (24 ounces of beer, 8 ounces of wine,
or 2 ounces of 100 proof whiskey).
Exercise (aerobic) regularly.
Reduce sodium intake to less than 100 mmol per day
(<2.3 grams of sodium or <6 grams of sodium chloride).
Maintain adequate dietary potassium, calcium, and
magnesium intake.
Stop smoking and reduce dietary saturated fat and
cholesterol intake for overall cardiovascular health.
Reducing fat intake also helps reduce caloric intake important for control of weight and Type II diabetes.

Source: The Fifth Report of the Joint National Committee on Detection,
Evaluation, and Treatment of High Blood Pressure, U.S. Department of Health
and Human Services (NIH Publication No. 93-1088, January, 1993 pp. 1 1-15.
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PHARMACOLOGIC

TREATMENT

The decision to begin antihypertensive therapy requires consideration of several factors: severity of hypertension, target organ damage,
and presence of other conditions and risk factors.
The stepped approach for hypertension recommends that treatment with drugs begins only after a three to six month vigorous
attempt to adjust lifestyle. If lifestyle modification brings encouraging results and reduce blood pressure, then drug therapy can be
avoided, or postponed during each additional three to six month
intervals of observation.
INITIAL DRUG THERAPY
Initial drug therapy includes a prescription for a single antihypertensive drug, preferably a diuretic or beta-blocker. If the blood
pressure response is not adequate, the next step is to increase the
drug dose, or substitute another drug, or add a second drug from
a different class of drugs. A third class of drug may be added if the
previous combination is ineffective.
The dose given should be the lowest dose possible to gain control,
and the medication may require several weeks take effect.
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STEP-DOWN THERAPY
It is just as important to watch out for-over-medication as it is for
too little medication, so careful follow-up is important. The goal is
to achieve control with the least amount of medication.
“Stepping down” is the process of lowering the dosage of medication, or eliminating one or more of the drugs. The patient may be
able to step down after weight loss, or another lifestyle modification.
The patient’s success in controlling hypertension and stepping
down depends on adherence to the prescription schedule, continued dedication to the lifestyle modifications, and careful follow-up
of the results.
Further Evaluation and /or Referral
or
Add Third or Fourth Drug

Add Third Drug of Different Class
or
Substitute Second Drug
Add Second Drug of Different Class

Diuretic

or

Beta Blocker

or

Ace
Calcium
Antagonist or Inhibitor
I

Lifestyle
Modifications.

LONG-TERM ADHERENCE TO THERAPY
Achieving and maintaining target blood pressure with the lowest
possible drug dosage requires ongoing follow-up and may involve
adjustments to dosage or type of medication. Patient education
is invaluable to the success of the treatment plan. It is important
to review patient progress and effectiveness of the treatment at
follow-up visits. The following table suggests areas to review to
avoid nonadherence.
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CAUSES FOR LACK OF RESPONSIVENESS TO THERAPY
Nonadherence to therapy
l Cost of medication
l instructions not clear and/or ot given to the patient in writing
l inadequate or no patient education
l Lack of involvement of the patient in the treatment plan
l Side effects of medication
l Organic brain syndrome (e.g., memory deficit)
l inconvenient dosing
Drug-related Causes
l Doses too low
l Inappropriate combinations (e.g., two centrally acting
adrenergic inhibitors)
l Rapid inactivation (e.g., hydralazine)
l Drug interactions
Nonsteroidal anti-inflammatory drugs
Oral contraceptives
Sympathomimetics
Antidepressants
Adrenal steroids
Nasal decongestants
Licorice-containing substances
(e.g., chewing tobacco)
Cocaine
Cyclosporine
Erythropoietin
Associated conditions
l Increasing obesity
l Alcohol intake more than 1 ounce of ethanol a day
Secondary hypertension
l Renal insufficiency
l Renovascular hypertension
l Pheochromocytoma
l Primary aldosteronism
Volume overload
l Inadequate diuretic therapy
l Excess sodium intake
l Fluid retention from reduction of blood pressure
l
Progressive renal damage
Pseudohypertension
Source: The Fifth Report of the Joint National Committee on Detection,
Evaluation, and Treatment of High Blood Pressure, U.S. Department of Health
and Human Services (NIH Publication No. 93-1088, January 1993), p. 26.
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MAJOR

DRUG

CLASSIFICATIONS

Diuretics

Work to decrease extracellular fluid volume (by
eliminating excess body fluids and salt) and
decrease cardiac output.

Adrenergic
Inhibitors

Peripheral-acting agents block secretion of epi-

l

l

ANTIHYPERTENSIVE

nephrine and norepinephrine at the nerve endings.
Centrally-acting agents stimulate central nerve
receptors to block sympathetic activity.
Beta-blockers slow cardiac output by reducing
heart rate.

l

Vasodilators

Relax the smooth muscles in arterial walls to
cause vasodilation.

@Ace Inhibitors Block formation of angio-tensin II (which causes
vasoconstriction), promoting vasodilation.
l

Calcium
Antagonists

Block the inward movement of Ca+ ion across cell
membrane and cause smooth muscle relaxation.

BP Background-45

DRUG CLASSES & ASSOCIATED SIDE EFFECTS

The chart below summarizes the mode of action and side effects
of some of the commonly prescribed hypertensive drugs. The
chart of the neuroendocrine system on page 7 may be helpful to
you as a reference to better understand the drug’s role in controlling blood pressure.
DRUG CLASS

Diuretics
Work to decrease
plasma volume and
decrease extracellular fluid volume (by
eliminating excess
body fluids and salt),
and decrease cardiac
output initially, followed by decreased
total peripheral resistance with normalization of cardiac output.

Adrenergic
Inhibitors
Block the secretion
of epinephrine and
norepinephrine at
the nerve endings.
Inhibit catecholamine
release from neuronal
storage sites.

Slow cardiac output
(by reducing the heart
rate) and increase
total peripheral resistance. Decrease plasma renin activity.
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DRUG NAMES

SIDE

EFFECTS

Bendroflumethiazide
(Naturetin)
Chlorthalidone (Hygroton)
Chlorothiazide (Diuril)
Furosemide (Lasix)
Hydrochlorothiazide (Esidrix,
HydroDIURIL,
Oretic)
Hydroflumethiazide
(Saluron)
Loop diuretics
Methyclothrozide (Enduron)
Potassium-sparing agents
Spironolactone
Triamterene

Sexual
dysfunction
Decreases body’s
K+ supply
Weakness
Leg cramps or
tiredness
Gout
Glucose intolerance

Peripheral-acting adrenergic
inhibitors:
Guanadrel sulfate
Guanethidine monosulfate
(Ismelin)
Rauwolfia drugs (Reserpine)
Rauwolfia alkaloids

Sexual
dysfunction
Orthostatic
hypotension
Stuffy nose
Diarrhea or heartburn
Nightmares,
insomnia or
depression

Beta-adrenergic blockers
“Beta Blockers”:
Acebutolol
Atenolol
Metoprolol (Lopressor)
Nadolol (Corgard)
Penbutolol sulfate
Pindolol
Propranolol (Inderal)
Timolol

Sexual
dysfunction
Insomnia
Tiredness or
depression
Bradycardia (slow
heart rate)
Asthma-symptoms

DRUG CLASS

DRUG NAMES

SIDE EFFECTS

Centrally acting adrenergic
inhibitors:
Clonidine (Catapres),
Clonidine TTS (patch)
Guanabenz
Guanfacine hydrochloride
Methyldopa (Aldomet)

Sexual
dysfunction
Drowsiness
Sedation
Dry mouth
Fatigue

Block postsynaptic
alpha1 -receptors and
cause vasodilation.

Alpha-1-adrenergic
blockers:
Prazosin hydrochloride
Terazosin hydrochloride

Sexual
dysfunction
Orthostatic
hypotension
Weakness
Palpitations

Same as beta-blockers plus alpha1 blockade.

Combined alpha- & betaadrenergic blockers:
Labetalol

Sexual
dysfunction
Bronchospasm
Orthostatic
hypotension

Vasolidators

Hydralazine

Sexual
dysfunction
Headache
Tachycardia
Fluid retention

Minoxidil

Hypertrichosis

Adrenergic
Inhibitors
(continued)
Stimulate central
alpha2-receptors
that
inhibit efferent sympathetic activity.

Relax the smooth
muscles in arterial
walls to cause
vasodilation.

1

Sexual
dysfunction
Rash
Cough
Hypotension

ACE Inhibitors
Block formation of
angio-tensin II (which
causes vasoconstriction), promoting
vasodilation and
decreased aldosterone. Also increase
bradykinin and
vasodilatory
prostaglandins.

Calcium
Antagonists

Diltiazem hydrochloride
Nifedipine

Block the inward movement of Ca+ ion across
cell membranes and
cause smooth muscle
relaxation.

Nitrendipine

Sexual
dysfunction
Edema
Headache
Constipation
Tachycardia
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Self-Check...
What is the first step in the Step-Care method of hypertension
treatment?
When an antihypertensive drug is prescribed, the dose given
should be the lowest dose possible to gain

.

What is the the process of stepping-down in Step-Down Therapy?

Why doesn’t secondary hypertension respond to antihyperlensive
therapy?
How do diuretics work?

How do beta-blockers work?

What are some of the side effects that affect patient compliance?

48-BP Background

