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15Chapter 1. Arterial hypertension

Liudmyla Burdeina, Olena Ostapchuk

Chapter 1 . Arterial hypertension

Definition
Arterial Hypertension (AH) is sustained elevation of resting systolic blood pres-

sure�(BP)�(≥�140�mm�Hg),�diastolic�BP�(≥�90�mm�Hg),�or�both.�AH�with�no�known�
cause (primary; essential hypertension – EH) is most common – to 95 % of cases; 
when�a� specific�underlying� cause�of�hypertension� cannot�be� found.�AH�with� an�
identified�cause�is secondary hypertension .

Essential hypertension

Epidemiology

In Europe AH occurs in about 30–45 % of the people . AH is more common in 
men (though menopause tends to decrease this difference) and in those of low so-
cioeconomic status . AH is one of the most important preventable causes of prema-
ture morbidity and mortality in the word . AH a major risk factor for ischaemic and 
haemorrhagic stroke, myocardial infarction (MI), heart failure (HF), chronic kidney 
disease (CKD), cognitive decline and premature death . Untreated hypertension is 
usually associated with a progressive rise in BP . The vascular and renal damage that 
this may cause can culminate in a treatment-resistant state .

The risk associated with increasing BP is continuous, with each 2 mm Hg rise in 
systolic BP associated with a 7 % increased risk of mortality from ischaemic heart 
disease and a 10 % increased risk of mortality from stroke . Diastolic BP is more 
commonly elevated in people younger than 50 . With ageing, systolic hypertension 
becomes�a�more�significant�problem,�as�a�result�of�progressive�stiffening�and�loss�
of compliance of larger arteries . At least one quarter of adults (and more than half 
of those older than 60) have high BP .

Etiology

The cardiovascular risks include: age, gender, weight, physical inactivity, smok-
ing, family history, blood cholesterol, diabetes mellitus and pre-existing vascular 
disease (Fig . 1 .1) .

Pathogenesis

Sympathetic� stimulation� increases� BP.� Stimulation� of� α-adrenergic� receptors�
results in elevated BP, increased cardiac contractility, glycogenolysis, gluconeo-
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genesis,�and�intestinal�relaxation.�Stimulation�of�β-adrenergic�receptors�results�in�
an increase in heart rate and contractility . Renin, formed in the juxtaglomerular 
apparatus, catalyzes conversion of angiotensinogen to angiotensin I . This inactive 
product is cleaved by ACE (in the lungs, kidneys and brain), to angiotensin II, a po-
tent vasoconstrictor that also stimulates autonomic centers in the brain to increase 
sympathetic discharge and stimulates release of aldosterone and ADH . Aldosterone 
and ADH cause Na and water retention, elevating BP . Aldosterone also enhances K 
excretion; low plasma K (< 3 .5 mEq/L) increases vasoconstriction through closure of 
K channels . Because chymase enzymes also convert angiotensin I to angiotensin II, 
drugs�that�inhibit�ACE�do�not�fully�suppress�angiotensin�II�production.�Deficiency�of�
a vasodilator (e .g ., bradykinin, nitric oxide) rather than excess of a vasoconstrictor 
(e .g ., angiotensin, norepinephrine) may cause AH . If the kidneys do not produce 
adequate amounts of vasodilators (because of renal parenchymal disease or bila-
teral nephrectomy), BP can increase . Vasodilators and vasoconstrictors (mainly en-
dothelin) are also produced in endothelial cells . Therefore, endothelial dysfunction 
greatly affects BP .

other risk 
factors, asymp-
tomatic organ 
damage or 
disease

Blood Pressure (mm hg)

High normal
SBP 130–139
or DBP 85–89

Grade I HT
SBP 140–159
or DBF 90–99

Grade 2 HT
SBP 160–179

or DBP 100–109

Grade 3 HT
SBP > 180

or DBP > 110

No other RF •  No BP inter-
vention

•  Lifestyle changes 
for several 
months

•  Then add BP 
drugs targeting 
< 140/90

•  Lifestyle changes 
for several weeks

•  Then add BP 
drugs targeting 
< 140/90

•  Lifestyle changes
•  Immediate BP 

drug targeting 
< 140/90

1-2 RF

•  Lifestyle 
changes

•   No BP  
intervention

•  Lifestyle changes 
for several weeks

•  Then add BP 
drugs targeting 
< 140/90

•  Lifestyle changes 
for several weeks

•  Then add BP 
drugs targeting 
< 140/90

•  Lifestyle changes
•  Immediate BP 

drugs targeting 
< 140/90

OD, CKD stage 3 
or diabetes

•  Lifestyle 
changes

•  No BP  
intervention

•  Lifestyle changes
•  BP drugs target-

ing < 140/90

•  Lifestyle changes
•  BP drugs target-

ing < 140/90

•  Lifestyle changes
•  Immediate BP 

drugs targeting 
< 140/90

Symptomatic 
CVD, CKD stage 
> 4 or diabetes 
with OD/RFs

•  Lifestyle 
changes

•  No BP  
intervention

•  BP drugs target-
ing < 140/90

•  Lifestyle changes
•  BP drugs target-

ing < 140/90

•  Lifestyle changes
•  Immediate BP 

drugs targeting 
< 140/90

Fig. 1.1. Risk factors & Blood pressure (see more details in the color insert).
BP – blood pressure; CKD – chronic kidney disease; CV – cardiovascular; CVD – cardiovascular 
disease; DBP – diastolic blood pressure; HT – hypertension; OD – organ damage; RF – risk factor; 
SBP – systolic blood pressure



17Chapter 1. Arterial hypertension

LV myocyte hypertrophy can occur as a compensatory response to increased 
afterload . Mechanical and neurohormonal stimuli accompanying hypertension can 
lead to activation of myocardial cell growth and, thus, LV hypertrophy (LVH) . In ad-
dition, activation of the renin-angiotensin system, through the action of angioten-
sin II on angiotensin receptors, leads to growth of interstitium and cell matrix com-
ponents . LVH include concentric remodeling, concentric LVH, and eccentric LVH .

Pathology

If patient has high blood pressure (HBP), the force exerted on its arteries is 
too high . It’s so high that it creates microscopic tears in the artery walls that then 
turn into scar tissue . Damaged arteries accumulate circulating materials such as 
cholesterol, platelets, fats and plaque builds up . Acting like latticework inside your 
arteries, this scar tissue provides a lodging place for particles of fat, cholesterol and 
other substances, which are collectively called plaque . As the plaque builds up, the 
arteries slowly narrow and harden, causing conditions such as peripheral artery 
disease (PAD) and Coronary Artery Disease (CAD) . Damaged arteries cannot deliver 
adequate�blood�flow�to�the�body’s�organs.�The�organs�suffer�because�they�do�not�
receive a full supply of blood, which they depend on for oxygen and nutrients . So 
over time, not only are the arteries unable to function properly, but the organs can’t 
perform as they should either . When arteries are narrowed by fatty deposits, you 
have a greater risk for developing blood clots . Your blood can carry these clots until 
they�become�lodged�in�narrow�spaces.�When�this�happens,�the�clot�can�significantly�
or completely block the blood supply to parts of the body .

HBP causes damaged and blocked arteries . A heart attack is the result of 
a blocked blood supply to the heart muscle tissue . When a blockage cuts off the 
blood supply, part of the heart muscle supplied by that coronary artery is deprived 
of blood . This is when a heart attack occurs . The oxygen-starved part of the heart 
muscle begins to die . The longer the artery stays blocked, the greater the damage 
to the heart . Heart muscle tissue dies when coronary arteries do not supply blood .

HBP damages the entire circulatory system . “Heart failure” is the term used for 
a�heart�that�is�not�supplying�sufficient�blood�flow�to�the�rest�of�the�body.

HBP causes artery damage, and the kidneys are packed with arteries . Kidneys 
are�supplied�with�dense�blood�vessels,�and�high�volumes�of�blood�flow�through�
them . Over time, uncontrolled high blood pressure can cause arteries around the 
kidneys to narrow, weaken or harden . These damaged arteries are not able to deli-
ver�enough�blood�to�the�kidney�tissue.�Damaged�kidney�arteries�do�not�filter�blood�
well.�Kidneys�have�small,�finger-like�nephrons�that�filter�your�blood.�Each�nephron�
receives its blood supply through tiny hair-like capillaries, which are the smallest of 
all blood vessels . When the arteries become damaged, the nephrons do not receive 
the�essential�oxygen�and�nutrients.�Also,�the�kidneys�lose�their�ability�to�filter�blood�
and�regulate�the�fluid,�hormones,�acids�and�salts�in�the�body.�Damaged�kidneys�fail�
to regulate blood pressure . Healthy kidneys produce a hormone to help the body 
regulate its own blood pressure . Kidney damage and uncontrolled HBP each con-
tribute to a negative spiral .
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Classification

Тable 1.1. Classification of hypertension

Category Systolic / diastolic BP (mm hg)

optimal < 120 and < 80

Normal 120–129 and/or 80–84

high normal 130–139 and/or 85–89

grade 1 hypertension 140–159 and/or 90–99

grade 2 hypertension 160–179 and/or 100–109

grade 3 hypertension ≥ 180 and/or ≥ 110

isolated systolic hypertension ≥ 140 and < 90

Clinical presentation
Dizziness,�flushed�facies,�headache,�nervousness.�Pulse:�arterial�pulse�is�normal�

in the early stages of the disease, rhythm regular . BP: Systolic and/or diastolic BP 
is elevated (> 140/90 mm Hg) . Mean BP and pulse pressure generally are also ele-
vated .

Target organ damage: the adverse effects of AH involve the heart, central ner-
vous system, retina and kidneys (and blood vessels) .

Kidneys:�measurement�of�serum�creatinine�and�estimation�of�glomerular�filtra-
tion rate, assessment of urinary protein and microalbuminuria are recommended in 
all hypertensive patients .

Retina: The optic fundi reveal a gradation of changes linked to the severity 
of hypertension; fundoscopy can provide an indication of the arteriolar damage 
occurring elsewhere . “Cotton wool” exudates are associated with retinal ischaemia 
or infarction; in severe AH – central retinal vein thrombosis . Retinal changes are 
classified�into�4�groups�with�increasingly�worse�prognosis:

•� constriction of arterioles only (with “silver wiring”) (grade 1);
•� constriction and sclerosis of arterioles (grade 2);
•� hemorrhages and exudates in addition to vascular changes (grade 3);
•� papilledema (grade 4) .
Abdomen. Abdominal examination may reveal a renal artery bruit in patients 

with hypertension secondary to renal artery stenosis, a pulsative expansive mass of 
abdominal aortic aneurysm .

Method of diagnostics

Heart: an ECG is recommended in all hypertensive patients; additional tests 
(echocardiography, exercise testing, Holter monitoring) should be considered 
based�on�history,�physical�examination�and�ECG�findings.
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Arteries: carotid and peripheral ultrasound, pulse wave velocity and ankle-bra-
chial index should be considered as additional tests if indicated .

Measurement of BP. The BP at which the 1st heartbeat is heard as the pressure 
falls is systolic BP (SBP) . Disappearance of the sound marks diastolic BP (DBP) . The 
DBP should be recorded at Korotkoff phase V (disappearance of sounds) and not 
phase�IV�(muffling�of�sounds).

Heart apex. The apical impulse is sustained and nondisplaced in patients with-
out�significant�systolic�LV�dysfunction�but�with�LVH.�Later�in�the�course�of�disease,�
when�significant�systolic�LV�dysfunction�supervenes,�the�apical�impulse�is�displaced�
laterally, owing to LV dilatation .

Heart sounds. S1 is normal in intensity and character . S2 at the right upper 
sternal border is loud (an accentuated aortic component A2); it can have a reverse 
or paradoxical split due either to increased afterload or to associated left bun-
dle-branch block .

Murmurs. An early decrescendo diastolic murmur of aortic regurgitation may 
be heard along the mid-to-left parasternal area, especially in the presence of acute-
ly elevated BP . In addition, an early to mid systolic murmur of aortic sclerosis is 
commonly audible .

In Heart for AH are common:
•� LVH (a forceful apex beat, displacement of the apex beat to the left, displace-

ment of the left heart border to the left);
•� widening of the aorta in the vessel bunch to the right;
•� accentuation of the aortic component of the 2nd heart sound .
ECG. LVH is characterized by the most tall R wave in lead I and a deep S in lead 

III . The Sokolow-Lyon criteria are: S wave in V1 plus R wave in V5 or V6 of greater than 
3 .5 mV or R wave in V5 or V6 of greater than 2 .5 mV . The Cornell criteria: R aVL plus 
an S wave in V3 of greater than 2 .8 mV in men and greater than 2 mV in women .

Echocardiography . LVH: wall thickness (interventricular septum) > 11 mm; in-
crease LV mass and LVMMI .

Laboratory tests. Hypokalemia is found in patients with primary and second-
ary hyperaldosteronism, Cushing disease; particularly if the patient has not received 
diuretics .

Plasma renin activity generally is depressed and serum aldosterone level elevat-
ed in patients with primary hyperaldosteronism .

24-hour urinary catecholamine and metanephrine levels are elevated in pheo-
chromocytoma .

Elevated 24-hour urinary free cortisol and failure to suppress an early morning 
serum cortisol level after an overnight dexamethasone suppression test are ob-
served in patients with Cushing disease .

Complications

Hypertensive heart disease is the result of structural and functional adap-
tations�leading�to�LVH,�diastolic�dysfunction,�CHF,�abnormalities�of�blood�flow�to�
atherosclerotic coronary artery disease and microvascular disease, and cardiac ar-
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rhythmias . Underlying mechanisms of LVH are of 2 types: mechanical, mainly lead-
ing�to�myocyte�hypertrophy;�neuro-hormonal,�mainly�resulting�in�a�fibroblastic�pro-
liferation .

Hypertension is an important risk factor for brain infarction and hemorrhage . Hy-
pertension is also associated with impaired cognition in an aging population . Hyper-
tension-related cognitive impairment and dementia may be a consequence of a sin-
gle infarct due to occlusion of a “strategic” larger vessel or multiple lacunar infarcts 
due to occlusive small vessel disease resulting in subcortical white matter ischemia .

Hypertensive retinopathy is a condition characterized by a spectrum of retinal 
vascular signs in people with elevated BP . In the initial, vasoconstrictive stage, there 
is vasospasm and an increase in retinal arteriolar tone owing to local autoregulatory 
mechanisms . This stage is seen clinically as a generalized narrowing of the retinal 
arterioles . Persistently elevated BP leads to intimal thickening, hyperplasia of the 
media wall, and hyaline degeneration in the subsequent, sclerotic, stage . This stage 
corresponds to more severe generalized and focal areas of arteriolar narrowing, 
changes in the arteriolar and venular junctions, and alterations in the arteriolar light 
reflex.

This is followed by an exudative stage, in which there is disruption of the 
blood-retina barrier, necrosis of the smooth muscles and endothelial cells, exu-
dation of blood and lipids, and retinal ischemia . These changes are manifested 
in the retina as microaneurysms, hemorrhages, hard exudates, and cotton-wool 
spots . These stages of hypertensive retinopathy however, may not be sequential . 
For�example,�signs�of�retinopathy�that�reflect�the�exudative�stage,�such�as�retinal�
he morrhage or microaneurysm, may be seen in eyes that do not have features of 
the�sclerotic�stage.�The�exudative�signs�are�nonspecific,�since�they�are�seen�in�dia-
betes and other conditions .

Hypertensive nephropathy. The atherosclerotic, hypertension-related vascu-
lar lesions in the kidney primarily affect the preglomerular arterioles, resulting in 
ischemic changes in the glomeruli and postglomerular structures . Glomerular injury 
may also be a consequence of direct damage to the glomerular capillariesdue to 
glomerular hyperperfusion . Glomerular pathology progresses to glomerulosclero-
sis and eventually the renal tubules may also become ischemicand gradually atro-
phic.�The�renal�lesion�associated�with�malignant�hypertension�consists�of�fibrinoid�
necrosis of the afferent arterioles, sometimes extending into the glomerulus, and 
may result in focal necrosis of the glomerular tuft .

Hypertensive crises encompass a spectrum of clinical presentations where un-
controlled SBP lead to progressive or impending target organ dysfunction . The 
clinical distinction between hypertensive emergencies and hypertensive urgencies 
depends on the presence of acute target organ dysfunction and not on the abso-
lute level of the BP .

A hypertensive emergency (HE) is AH with acute impairment of one or more or-
gan systems (especially thecentral nervous system, cardiovascular system and/
or the renal system) that can result in irreversible organ damage . The term HE 
is� primarily� used� as� a� specific� term� for� a� hypertensive� crisis� with� a� diastolic� BP�
greater than or equal to 120 mm Hg and/or systolic BP greater than or equal to 
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180 mm Hg . In a hypertensive emergency, the BP should be slowly lowered over 
a period of minutes to hours with an antihypertensive agent .

Many factors and causes are contributory in hypertensive crises . One main 
cause is the discontinuation of antihypertensive medications . Other common caus-
es of hypertensive crises are autonomic hyperactivity, collagen-vascular diseases, 
drug use (particularly stimulants, especially cocaine and amphetamines and their 
substituted analogues), glomerulonephritis, head trauma, neoplasias, preeclampsia 
and eclampsia, and renovascular hypertension .

Signs and symptoms . The eyes may show retinal hemorrhage or an exudate . 
Papilledema must be present before a diagnosis of malignant hypertension can 
be made . The brain shows manifestations of increased intracranial pressure, such 
as headache, vomiting, and/or subarachnoid or cerebral hemorrhage . Patients 
will usually suffer from left ventricular dysfunction . The kidneys will be affected, 
resulting in hematuria, proteinuria, and acute renal failure . It differs from other 
complications of hypertension in that it is accompanied by papilledema . This 
can be asso ciated with hypertensive retinopathy . Other signs and symptoms can 
include: chest pain, arrhythmias, headache, epistaxis, dyspnea, faintness or ver-
tigo, severe anxiety, agitation, altered mental status, paresthesias, vomiting . 
Chest pain requires immediate lowering of BP (such as withsodium nitroprus-
side infusions), while urgencies can be treated with oral agents, with the goal of 
lowering the mean arterial pressure 20 % in 1–2 days with further reduction to 
“normal” levels in weeks or months . The former use of oral nifedipine, a calcium 
channel blocker, has been strongly discouraged because it is not absorbed in a 
controlled and reproducible fashion and has led to serious and fatal hypotensive 
problems .

The most common clinical presentations of HE are cerebral infarction (24 .5 %), 
pulmonaryedema (22 .5 %), hypertensive encephalopathy (16 .3 %), and congestive 
heart failure (12 %) . Less common presentations include intracranial hemorrhage, 
aortic dissection, and eclampsia .

The differential diagnosis should be carried out with symptomatic arterial hy-
pertension (Table 1 .2) .

Management

Decisions on management of the hypertensive patient depend on the initial 
level�of�total�cardiovascular�(CV)�risk.�The�stratification�of�total�CV�risk�in�different�
categories is based on BP category, CV risk factors, asymptomatic organ damage 
and presence of diabetes, symptomatic CV disease or chronic kidney disease . The 
classification�in�low,�moderate,�high�and�very�risk�refers�to�the�10-year�risk�of�CV�
mortality�as�defined�in�the�2012�Joint�CVD�Prevention�Guidelines.

Stratification�of�total�CV�risk�in�categories�of�low,�moderate,�high�and�very�high�
risk according to SBP and DBP and prevalence of RFs, asymptomatic OD, diabetes, 
CKD�stage�or�symptomatic�CVD.�Subjects�with�a�high�normal�office�but�a�raised�out-
of-office�BP�(masked�hypertension)�have�a�CV�risk�in�the�hypertension�range.�Su-
bjects�with�a�high�office�BP�but�normal�out-of-office�BP�(“white-coat�hypertension”),�
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particularly if there is no diabetes, OD, CVD or CKD, have lower risk than sustained 
hypertension�for�the�same�office�BP.

Risk factors include age, male sex, smoking, dyslipidaemia, glucose intolerance, 
obesity and family history of premature CVD . Asymptomatic organ damage mainly 
involves LVH, evidence of vascular damage and microalbuminuria .

Lifestyle changes. Appropriate lifestyle changes are the cornerstone for the 
prevention of hypertension and are also important for its treatment . The following 
lifestyle measures are recommended: salt restriction to 5–6 g/day; moderation of 
alcohol consumption (< 20–30 g of ethanol per day in men and < 10–20 g in wom-
en); increased consumption of vegetables, fruits and low-fat dairy products; reduc-
tion of weight to BMI of 25 kg/m2;�regular�exercise�(≥�30�min�of�moderate�dynamic�
exercise on 5–7 days a week); smoking cessation .

Weight loss helps to prevent hypertension (range of approximate SBP re-
duction, 5–20 mm Hg per 10 kg); recommendations include the DASH (Dietary 
Approaches to Stop Hypertension) diet (range of approximate SBP reduction, 
8–14 mm Hg), which is rich in fruits and vegetables and encourages the use of 
fat-free or low-fat milk and milk products . Limit alcohol intake to no more than 
30 ml of ethanol per day for men (i .e ., 720 ml of beer, 300 ml of wine, 60 ml of 
100-proof whiskey) or 15 ml of ethanol per day for women and people of lighter 
weight (range of approximate SBP reduction, 2–4 mm Hg) . Reduce sodium intake 
to no more than 100 mmol/d (2 .4 g sodium or 6 g sodium chloride; range of ap-
proximate SBP reduction, 2–8 mm Hg) . Maintain adequate intake of dietary po-
tassium (approximately 90 mmol/d) . Maintain adequate intake of dietary calcium 
and magnesium for general health . Stop smoking and reduce intake of dietary 
saturated fat and cholesterol for overall cardiovascular health . Engage in aerobic 

Тable 1.2. Stages of essential hypertension

Stages target organ damage

Stage I Target organ damage is absent

Stage II
Target organ  
damage is  
present

Heart – LVH
Kidneys – microproteinuria or/and increase serum creatinin 
(< 177 mcmol/L)
Retina – constriction of arterioles
Central nervous system – hypertensive encephalopathy I–II st.

Stage III

Target organ 
damage with 
their compli-
cations and 
dysfunction

Heart – myocardial infarction, acute LV heart failure, chronic 
heart failure IIA-III st.
Kidneys – progressive renal failure (increase serum creati-
nin > 177 mcmol/L)
Retina – hemorrhages and exudates, papilledema
Central nervous system – stroke (due to cerebral haemorrhage or 
cerebral infarction), transient cerebral ischaemic attacks, acute and 
chronic hypertensive encephalopathy III st., vascular dementia
Blood vessels – dissection aorta aneurysm



23Chapter 1. Arterial hypertension

exercise at least 30 minutes daily for most days (range of approximate SBP reduc-
tion, 4–9 mm Hg) .

Initiation of antihypertensive drug treatment. Prompt initiation of antihy-
pertensive drugs is recommended in patients at high or very high CV risk . Antihy-
pertensive drugs should be considered in patients at moderate or low risk when BP 
remains > 140/90 mm Hg after, respectively, several weeks or months of appropriate 
lifestyle�measures,�or�in�case�of�persistently�elevated�out-of-office�BP.�In�elderly�pa-
tients�drug�treatment�is�recommended�when�SBP�is�≥�160�mm�Hg,�or�≥�140�mm�Hg�
if younger than 80 years and treatment is well tolerated . It is not recommended to 
initiate antihypertensive treatment at high normal BP and in younger patients with 
isolated systolic hypertension .

BP goals. SBP < 140 mm Hg is recommended in all hypertensive patients, with 
few exceptions . In elderly hypertensive patients less than 80 years old there is solid 
evidence to reduce SBP to between 150 and 140 mm Hg, but a goal of < 140 mm Hg 
may�be�considered�in�fit�elderly.�In�individuals�older�than�80�years�it�is�recommend-
ed to reduce BP to between 150 and 140 mm Hg if they are in good physical and 
mental condition . DBP < 90 mm Hg is always recommended, except in patients with 
diabetes, in whom values < 85 mm Hg are recommended .

Diuretics,�β-blockers,�calcium�antagonists,�ACE-inhibitors�and�angiotensin�recep-
tor blockers are all suitable for the initiation and maintenance of antihypertensive 
treatment, either as monotherapy or in combination therapy . Some agents should be 
considered�as�the�preferential�choice�in�specific�conditions,�such�as�CrHD,�HF,�diabetes�
or renal dysfunction . Initiation of antihypertensive therapy with two-drug combination 
may be considered in patients with markedly high baseline BP of at high CV risk .

Over 50 % of patients with hypertension will require more than one drug for BP 
control.�In�stage�1�hypertension,�a�single�agent�is�generally�sufficient�to�reduce�BP,�
whereas in stage 2, a multidrug approach may be needed . Initiation of 2 antihyper-
tensive�agents,�either�as�2�separate�prescriptions�or�as�a�fixed-dose�combination,�
should also be considered when BP is more than 20 mm Hg above the systolic goal 
(or 10 mm Hg above the diastolic goal) . Several situations demand the addition of 
a second drug, because 2 drugs may be used at lower doses to avoid the adverse 
effects that may occur with higher doses of a single agent .

Thiazide and other diuretics . Main classes are thiazides, loop diuretics, and 
K-sparing diuretics . Diuretics modestly reduce plasma volume and reduce vascular 
resistance, possibly via shifts in Na from intracellular to extracellular loci . Thiazides 
are most commonly used . These drugs are the least expensive initial therapy, and 
the dose needed is small, especially for the elderly . All thiazides are equally effective 
in equivalent doses . Loop diuretics (furosemide 40 mg daily, torasemide 5–10 mg 
daily) are used to treat hypertension only in patients who have lost > 50 % of kid-
ney function . Side-effects all diuretics except the K-sparing distal tubular diuretics 
cause�significant�K�loss.

Angiotensin-converting enzyme (ACE) inhibitors . These drugs (e .g ., captopril 
25–75 mg twice daily, enalapril 20 mg daily, ramipril 5–10 mg daily or lisinopril 10–
20 mg daily) and etc . inhibit the conversion of angiotensin I to angiotensin II and 
are usually well tolerated . They should be used with particular care in patients with 
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impaired�renal�function�or�renal�artery�stenosis�because�they�can�reduce�the�filtra-
tion�pressure� in�the�glomeruli�and�precipitate�renal� failure.�Side-effects:�first-dose�
hypotension, a dry, irritating cough (by inhibiting the degradation of bradykinin), 
rash, hyperkalaemia, renal dysfunction and dysgeusia . Angioedema is the most seri-
ous adverse effect and, if it affects the oropharynx, can be fatal . Angioedema is most 
common�among�blacks�and�smokers.�ACE�inhibitors�are�the�first�choice�in�patients�
with diabetes and/or LV dysfunction, (because these drugs provide renal protection) .

Angiotensin II receptor antagonists . These drugs (e .g ., losartan 50–100 mg daily, 
valsartan 40–160 mg daily) block the angiotensin II receptor and have similar ef-
fects�to�ACE�inhibitors�(tissue�ACE�blockade);�however,�they�do�not�influence�brady-
kinin metabolism and do not therefore cause cough . Angiotensin receptor blockers 
are a reasonable alternative, especially for patients with adverse effects with ACE 
inhibitors . Side-effects are rare; angioedema occurs less frequently than with ACE 
inhibitors .

Beta-adrenoreceptor	 antagonists	 (β-blockers). Metoprolol (100–200 mg daily), 
bisoprolol (5–10 mg daily), nebivalol (5–10 mg daily) are cardioselective and there 
for�preferentially�block�the�cardiac�β1-adrenoceptors,�as�opposed�to�the�β2-adreno-
receptors which mediate vasodilatation and bronchodilatation . Beta-blockers are 
the�drugs�of� first� choice� in�patients�with�HF�due� to� systolic� LV�dysfunction,� pa-
tients with coronary heart disease or with a history of MI, and in patients with 
thyrotoxicosis . These drugs slow heart rate and reduce myocardial contractility, 
thus�reducing�BP.�All�β-blockers�are�similar�in�antihypertensive�efficacy.�In�patients�
with�diabetes,�chronic�peripheral�arterial�disease,�a�cardioselective�β-blocker�may�
be preferable, although cardioselectivity is only relative and decreases as dose in-
creases.�Even�cardioselective�β-blockers�are�contraindicated�by�asthma�or�by�COPD�
with a prominent bronchospastic component . Side-effects: bradycardia, AV-block, 
bronchospasm .

Calcium antagonists (Ca channel blockers) . The dihydropyridines (e .g . amlodip-
ine 5–10 mg daily, nifedipine 30–90 mg daily) are potent peripheral vasodilators 
and reduce BP by decreasing TPR; are effective and usually well-tolerated anti-
hypertensive�drugs.�Side-effects:�flushing,�palpitations� (reflexive�tachycardia)�and�
fluid�retention.�The�rate-limiting�calcium�antagonists�(e.g.,�diltiazem�200–300�mg�
daily, verapamil 240 mg daily) can be useful when hypertension coexists with angi-
na but they may cause bradycardia . Side-effects: slow the heart rate (bradycardia), 
decrease atrioventricular conduction, and decrease myocardial contractility; con-
stipation; these drugs should not be prescribed for patients with 2nd- or 3rd-degree 
AV-block or with LV failure . Calcium channel blockers are effective for systolic hy-
pertension in elderly patients .

Other drugs . A variety of vasodilators are used to treat hypertension . These 
include�the�α1-adrenoceptor�antagonists�(α-blockers),�such�as�prazosin�(0.5–2�mg�
daily�in�divided�doses),�doxazosin�(1–4�mg�daily),�antagonist�of�peripheral�α1-post-
synaptic receptors and centrally acting drug (urapidil hydrochloride 30–180 mg 
daily);and drugs that act directly on vascular smooth muscle, such as hydralazine 
(25–100�mg�12-hourly)�and�minoxidil�(10–50�mg�daily).�Side-effects�include�first-
dose�and�postural�hypotension,�headache,�tachycardia�and�fluid�retention.�Minoxi-
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dil also causes increased facial hair and is therefore unsuitable for female patients . 
Peripheral� α-channel� blockers� –� adverse� effect� on� cardiovascular�morbidity� and�
mortality�rates.�Central�α-antagonists�have�no�evidence-based�support�and�have�
more�adverse�effects.�Urapidil�hydrochloride�is�an�antagonist�of�peripheral�α1-post-
synaptic receptors;

Treatment strategies in special conditions

Elderly . Diuretics and calcium antagonists may be preferred in isolated systolic 
hypertension .

Pregnancy. Drug treatment is recommended in severe hypertension in 
pregnancy (BP > 160/110 mm Hg), and may be considered in case of persistent 
BP�≥�150/95�mm�Hg,�and� in� those�with�BP�≥�140/90�mm�Hg� in� the�presence�of�
gestational hypertension, asymptomatic organ damage or symptoms . Methyldopa, 
labetalol and nifedipine should be considered preferential antihypertensive drugs 
in pregnancy . Blockers of the renin-angiotensin system should be avoided in wom-
en with child-bearing potential .

Diabetes.�It�is�recommended�to�start�drug�treatment�when�SBP�is�≥�140�mm�Hg.�
The BP target is < 140/85 mm Hg . All classes of antihypertensive drugs can be used, 
though blockers of the renin-angiotensin system may be preferred, especially in the 
presence of proteinuria or microalbuminuria, but simultaneous administration of 
two blockers of the renin-angiotensin system should be avoided .

Nephropathy. It is recommended to start drug treatment when SBP is 
≥�140�mm�Hg,�targeting�<�140�mm�Hg.�A�target�of�<�130�mm�Hg�may�be�considered�
in case of overt proteinuria, and blockers of the renin- angiotensin system (though 
not in combination) are indicated in the presence of proteinuria or microalbuminuria .

Cerebrovascular disease. It is not recommended to intervene with BP-lowering 
therapy�during�the�first�week�after�acute�stroke,�although�clinical�judgement�should�
be used in the face of very high systolic BP values . Antihypertensive treatment is 
recommended in hypertensive patients with a history of stroke or TIA when systolic 
BP�is�≥�140�mm�Hg,�targeting�<�140�mm�Hg.�All�drug�regimens�are�recommendedin�
these patients, provided that BP is effectively reduced .

Coronary artery disease (CAD). It is recommended to start drug treatment 
when�SBP� is�≥�140�mm�Hg,�and�all�antihypertensive�agents�can�be�used,� target-
ing < 140 mm Hg . Beta-blockers are recommended in case of recent myocardial 
infarction,�and�β-blockers�and�calcium�antagonists�in�patients�with�angina�pectoris.

HF. Diuretics,�β-blockers,�ACE-inhibitors,�angiotensin�receptor�blockers�and/or�
mineralocorticoid receptor antagonists are recommended in patients with heart 
failure or severe left ventricular dysfunction . There is no evidence that antihyper-
tensive�therapy�per�se�or�any�particular�drug�is�beneficial�in�case�of�preserved�ejec-
tion fraction . Lowering of SBP to around 140 mm Hg should be considered in all of 
these patients .

LVH. Antihypertensive therapy is recommended, and initiation with one of the 
agents that have shown greater ability to regress LVH should be considered, i .e . 
ACE-inhibitors, angiotensin receptor blockers and calcium antagonists .
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Resistant hypertension. In case of true treatment-resistant hypertension, ad-
dition�of�a�mineralocorticoid�receptor�antagonist,�amiloride,�and/or�the�α-blocker�
doxazocin should be considered . In case of ineffectiveness of drug treatment in-
vasive procedures such as renal denervation and baroreceptor stimulation may be 
considered .

Adjuvant drug therapy of hypertension includes aspirin, statins .
Several classes of antihypertensive agents are recommended, with the choice 

depending on the etiology of the hypertensive crisis, the severity of the elevation 
in BP, and the usual BP of the patient before the hypertensive crisis . In most cases, 
the administration of an intravenous sodium nitroprusside injection, which has an 
almost immediate antihypertensive effect, is suitable .

In most patients it is possible to avoid parenteral therapy and bring BP un-
der control with bed rest and oral drug therapy . Intravenous or intramuscular 
labetalol (2 mg/min to a maximum of 200 mg), intravenous glyceryl trinitrate 
(0 .6–1 .2 mg/ hour), intramuscular hydralazine (5 or 10 mg, repeated at half-hourly 
intervals), and intravenous sodium nitroprusside (0 .3–1 .0 mg/kg body weight per 
minute) are all effective remedies but require careful supervision, preferably in an 
intensive care unit . Rapid BP reduction is indicated in the following circumstances:

•� acute�myocardial�ischemia:�i.v.�nitroglycerin,�i.v.�β-blockers;
•� HF with pulmonary edema: in nitroglycerin, i .v . furosemide, i .v . nitroprusside, 

i .v . ACE-inhibitors;
•� acute aortic dissection (the SBP should be decreased as rapidly as possible 

to a goal of 100–110 mm Hg or lower): in labetalol or i .v . nitroprusside with 
i.v.�β-blocker�(esmolol);

•� cerebral vascular accident: evidence exists that patients who have acute 
strokes have better outcomes with higher SBP: antihypertensive therapy is 
not routinely recommended for patients with acute stroke and AH; a patient 
with a recent ischemic stroke and a SBP higher than 220 mm Hg or a DBP 
higher than 120–140 mm Hg can undergo reduction of BP by about 10–15 % 
(with i .v . nitroprusside or i .v . labetalol);

•� pheochromocytoma: i .v . phentolamine, i .v . labetalol;
•� hypertensive encephalopathy (do not exceed a 20 % reduction in BP): i .v . 

nitroprusside, i .v . labetalol .
It is also important that the BP be lowered smoothly, not too abruptly . The initial 

goal in HE is to reduce the pressure by no more than 25 % (within minutes to 1 or 2 
hours), and then toward a level of 160/100 mm Hg within a total of 2–6 hours . Ex-
cessive reduction in blood pressure can precipitate coronary, cerebral, or renal isch-
emia and, possibly, infarction .

In less urgent cases, oral agents like captopril, clonidine, labetalol, or pra-
zosin can be used, but all have a delayed onset of action (by several minutes) 
compared to sodium nitroprusside . Controlled bloodletting is an effective salvage 
therapy in the interim when nitroprusside is unavailable, and aggressive oral ther-
apy has not yet taken effect .
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Primary and secondary prevention of disease

Much of the disease burden of high BP is experienced by people who are 
not labelled as hypertensive . Consequently, population strategies are required to 
reduce the consequences of high BP and reduce the need for antihypertensive 
drug therapy . Lifestyle changes are recommended to lower BP, before starting 
drug therapy . The following lifestyle is the primary prevention of AH: maintain 
normal body weight for adults (e .g ., BMI 20–25 kg/m2); reduce dietary sodium 
intake to < 100 mmol/ day (< 6 g of sodium chloride or < 2 .4 g of sodium per day); 
engage�in�regular�aerobic�physical�activity�such�as�brisk�walking�(≥�30�min�a�day,�
most days of the week); limit alcohol consumption to no more than 3 units/day 
in men and no more than 2 units/day in women; consume a diet rich in fruit and 
vegetables� (e.g.� at� least� five� portions� per� day).� Antihypertensive� therapy� is� the�
secondary prevention of AH .

Prognosis

AH is the most important preventable risk factor for premature death world-
wide . It increases the risk of ischemic heart disease, strokes, peripheral vascular dis-
ease, and other cardiovascular diseases, including heart failure, aortic aneurysms, 
diffuse atherosclerosis, and pulmonary embolism . Hypertension is also a risk factor 
for cognitive impairmentanddementia, and CKD .

Secondary hypertensions

Secondary hypertension is a type of hypertension with an underlying, poten-
tially correctable cause . The prevalence of secondary hypertension and the most 
common etiologies vary by age group . Approximately 5 to 10 percent of adults with 
hypertension have a secondary cause . 

Most Common Causes of Secondary Hypertension:
I. Renal: 

1 . Renal parenchymal diseases: Chronic pyelonephritis, primary glomerulo-
nephritis, tubulointerstitial nephritis (accounts for 80 % of all secondary 
causes), Systemic disorders with renal involvement (Systemic lupus erythe-
matosus, systemic sclerosis, vasculitides), Polycystic kidney disease .

2 . Renal vascular disease:
 – atherosclerotic disease;
 – fibromuscular�dysplasia;
 – polyarteritis nodosa .

II. Endocrine: 
 – primary hyperaldosteronism;
 – pheochromocytoma;
 – cushing syndrome and disease;
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 – hyperthyroidism;
 – hyper- or hypothyroidism .

III. Cardiovascular:
 – coarctation of aorta;
 – AV-block III;
 – aortic atherosclerosis;
 – aortoarteritis .

IV. Hypertension caused by central nervous system lesions:
 – trauma or spinal cord disorders;
 – brain tumors;
 – raised intracranial pressure;
 – encephalitis, meningitis;
 – sleep apnea .

V. Exogenous symptomatic hypertension:
1 . Medical (Cocaine, amphetamines, cyclosporin, clonidine withdrawal, diet 

pills, oral contraceptive pills (containing oestrogens), corticosteroids, 
sympathomimetics, Monoamine oxidase inhibitors (MAOIs) with tricyclic 
antidepressants, antihistamines, anabolic steroids, non-steroidal anti-in-
flammatory�drugs,�carbenoxolone,�sympathomimetic�agents).

2 . Toxic (intoxication with lead and thallium) . 
3 . Nutritional (abuse of salt, tyramine-containing food) .

renal hypertension

Renal parenchymal disease is the most common cause of secondary hyperten-
sion, accounting for 2 .5 % to 5 .0 % of all cases . Hypertension associated with renal 
parenchymal disease occurs as a complication of a wide variety of glomerular and 
interstitial renal diseases and may accelerate the decline in renal function if inade-
quately controlled . Renal parenchymal hypertension represents the combined in-
teractions of multiple independent mechanisms: potential factors include impaired 
sodium handling leading to volume expansion, activation of the renin-angiotensin 
system, alterations in endogenous vasodepressor compounds, and increased activ-
ity of vasoactive substances . 

Symptoms and Signs
Patients with mildly diminished renal reserve are asymptomatic . Even patients 

with�mild�to�moderate�renal�insufficiency�may�have�no�symptoms�despite�elevated�
BUN and creatinine . 

Nocturia is often noted, principally due to a failure to concentrate the urine . 
Hypertension is present in > 80 % of patients with advanced CKD .

Lab tests:
•� CBC;
•� urinalysis;
•� basic metabolic panel (electrolytes, creatinine, phosphate, Ca, serum albu-

min, lipids);
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•� measurement of serum cystatin-C levels is gaining a greater role in the 
estimation of kidney function . Cystatin-C is a small protein that is ex-
pressed in all nucleated cells, produced at a constant rate, and freely 
filtered�by� the�glomerulus;� it� is� not� secreted�but� is� instead� reabsorbed�
by tubular epithelial cells and catabolized, so it does not return to the 
bloodstream . These properties make it a valuable endogenous marker of 
renal function .

Imaging Studies:
•� ultrasonography;
•� radiography;
•� CT, MRI;
•� sometimes renal biopsy .

Treatment
Underlying disorders and contributory factors must be controlled . ACE inhib-

itors and angiotensin II receptor blockers decrease the rate of decline in GFR in 
patients with most causes of CKD, particularly those with proteinuria .

Reducing intraglomerular pressure using an ACE inhibitor has been shown to 
be�beneficial.

renovascular hypertension

Renovascular hypertension is BP elevation due to partial or complete occlusion 
of one or more renal arteries or their branches . Renovascular disease accounts for 
< 2 % of all cases of hypertension . Stenosis or occlusion of one or both main renal 
arteries, or any of their branches can cause hypertension by stimulating release of 
renin from juxtaglomerular cells of the affected kidney . 

Overall,� about� 2/3� of� cases� are� caused� by� atherosclerosis� and� 1/3� by� fibro-
muscular dysplasia . Atherosclerosis is more common among men > 50 and affects 
mainly the proximal 1/3 of the renal artery . Fibromuscular dysplasia is more com-
mon among younger patients (usually women) and usually affects the distal 2/3 of 
the main renal artery and the branches of the renal arteries .

Symptoms and Signs
Renovascular hypertension is usually asymptomatic . A systolic-diastolic bruit in 

the epigastrium, usually transmitted to one or both upper quadrants and sometimes 
to the back, is almost pathognomonic, but it is present in only about 50 % of patients 
with�fibromuscular�dysplasia�and�is�rare�in�patients�with�renal�atherosclerosis.

Clinical clues:
•� sudden onset or worsening of hypertension and age older than 55 years or 

younger than 30 years;
•� the presence of an abdominal bruit;
•� hypertension resistant to three or more drugs;




