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Abstract

Hypertension is the most common cardiovascular condition to be seen in
primary care. It also represents the strongest single modifiable risk factor
with regards to future morbidity and mortality. The incidence of hyperten-
sion is predicted to continue to increase, being contributed to by an ageing
population.

The major consequence of this largely asymptomatic condition is the
development of cardiovascular sequelae. The aim of early diagnosis is to
provide an opportunity to intervene in order to prevent or delay the onset
of overt vascular disease. The positive effects of treatment have been
proven in numerous randomised placebo-controlled trials. However since
hypertension is usually asymptomatic and treatment is aimed at prevention
of complications, targeting patients at highest risk while avoiding ‘medi-
calisation’ and causing side effects in people at low risk is challenging.
This is especially the case in young people for whom a diagnosis of hyper-
tension entails life-long treatment, based upon studies performed in older
people. Using a clinical example we will review some of those challenges
and how to deal with them in this chapter.
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Case: The Tense Technician

A Caucasian patient in his early-30s attended his
primary care physician for the fourth time in
6 months. John had initially presented with cory-
zal symptoms, which had since resolved but had
left him feeling tired, with a non-specific headache

Clarendon Way, Leeds LS16 SAR, UK that was affecting his concentration at work. He
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was anxious that this could represent something
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serious, but the only worrying feature so far was a
slightly raised blood pressure.

Why is hypertension important?

Hypertension is the leading contributor to
global mortality [1, 2]. The increase in world-
wide childhood and adult obesity, along with an
ageing and increasingly sedentary population
means that the incidence and prevalence is likely
to continue to grow (Figs. 11.1 and 11.2) [3-5].

It is also the most significant reversible
cause for cardiovascular disease with numerous
studies proving that the control of hypertension
can lower the risk of cardiovascular events and
mortality [6]. Screening and effective control of
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raised blood pressure has public health benefits
and is cost-effective [7], and is therefore endorsed
by the British National Institute for Health and
Clinical Excellence (NICE) [8]. Both the guide-
lines and the data are limited to patients within
certain age groups and it is unclear whether the
benefits of treatment extend to the young [9], in
whom prevalence is estimated to be between 5
and 20 % for those aged between 24 and 32 [10].
However, it is generally assumed that earlier treat-
ment is associated with greater benefits in terms
of longevity and life free from disease [2, 11].
Hypertension is often classed as “primary” or
“secondary,” with the latter being due to some
specific identifiable additional condition (see
below). On the other hand the pathogenesis of
primary hypertension is often multifactorial,
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Fig. 11.3 Association between mortality and systolic
blood pressure separated by age (Data adapted with per-
mission from a meta-analysis of individual data for one

although the diagnosis and complications are
known to be associated with several risk factors
such as race, family history, diabetes mellitus,
obesity, inactive lifestyle, high sodium intake and
excessive alcohol consumption [8, 12, 13].
Psychosocial factors and depressive illnesses
may increase the risk of chronically raised blood
pressure [14, 15]. Recent evidence also links
severe vitamin D deficiency with the subsequent
development of hypertension [16].

Although it is usually asymptomatic in its
early stages, untreated chronic hypertension con-
tributes to the early development of cardiovascu-
lar disease, renal impairment and disability,
regardless of the aetiology. There is a 7 % incre-
mental risk of mortality from ischaemic heart
disease (and 10 % from stroke) for every 2 mmHg
step in systolic blood pressure [17].

Epidemiological studies suggest that a
10 mmHg lower systolic blood pressure (or
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5 mmHg lower diastolic blood pressure) is asso-
ciated with a 50 % reduction in the risk of death
from coronary artery disease or stroke (Fig. 11.3)
[17]. Hypertension therefore is an important con-
dition to recognise and address even in young
adults and both lifestyle modification and anti-
hypertensive therapies to achieve blood pressure
reduction are a priority to reduce risk. However,
treatment goals should be individualised to take
patient characteristics and co-morbidities into
account. Recently, there has been limited evi-
dence to suggest that excessive lowering of the
diastolic blood pressure to below 70 mmHg in
the high-risk elderly population with co-existing
severe coronary artery disease or diabetes, may
be associated with an increase in cardiovascular
complications [6, 18-20].

John’s general practitioner (GP) arranged for
him to have a series of blood tests (full blood
count, urea/electrolytes, glucose, thyroid function
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tests and estimated glomerular filtration rate),
urinalysis and electrocardiogram. She also
arranged for 24-h blood pressure monitoring in
order to confirm the diagnosis.

How should a clinician proceed?

The use of ambulatory blood pressure moni-
toring (ABPM) is currently recommended by the
NICE guidelines in order to confirm the diagno-
sis, when there are persistently elevated clinic
blood pressure (BP) readings (between 140/90
and 180/110 mmHg) and an absence of end-organ
damage (Fig. 11.4) [8]. Where ABPM is not
available, home BP monitoring should be used
since this shows a stronger correlation to daytime
ABPM measurements than clinic BP readings
[21, 22]. If clinic BP is the only available test,
then this should be measured on at least three to
six visits spanning a period of 3 months [23].

The following ABPM cut-offs have been rec-
ommended by both the seventh Joint National
Committee and the European Societies of
Hypertension and Cardiology guidelines to diag-
nose hypertension [24, 25]:

e 24-h average above 135/85 mmHg
* Daytime average above 140/90 mmHg
* Night-time average above 125/75 mmHg

ABPM can also be used to monitor treatment

response, and to clarify the diagnosis of [26]:

e “White-coat” syndrome

* Episodic hypertension (if
phaeochromocytoma)

* Hypotensive symptoms with anti-hypertensive
medications

» Resistant hypertension

Systolic blood pressure readings over 180 or
diastolic blood pressure readings over 110 mmHg

suspecting a

suggest severe hypertension. In the presence of
hypertensive ophthalmic changes such as retinal
haemorrhage, papilloedema or exudates, or
symptoms indicative of phaeochromocytoma,
such as headaches, palpitations, sweating and
labile blood pressure [27], this is termed “malig-
nant” or accelerated hypertension and requires
urgent treatment (within 24 h). On the other hand,
in asymptomatic patients with no evidence of
acute end-organ damage, the short-term risk of
severe hypertension is low and there is no proven
benefit of rapid in-patient blood pressure reduc-
tion [28, 29].

Based on the ABPM results (overall average
blood pressure 138/87; daytime average 142/94),
John was given a diagnosis of hypertension.
Initial examination, blood tests and urinalysis
were normal, suggesting no end-organ damage
had yet occurred, but given John’s young age, his
GP performed a more focussed cardiovascular
examination and requested some further blood
tests to identify whether this could be secondary
hypertension (serum calcium, parathyroid hor-
mone, serum lipid profile, aldosterone:renin
ratio).

Determining the Cause: What to Look
for and What Tests to Do

The main focus of examination is to assess for
end-organ damage although a full examination
also helps identify potential causes for the hyper-
tension [30]. In most asymptomatic adults, essen-
tial hypertension remains the predominant cause
for chronic high blood pressure even in the
young, with secondary causes only found in less
than 10 % of young adults (Fig. 11.5) [31-33].
Extensive testing in those with no risk factors or
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additional features is therefore not indicated or
cost effective.

Essential Tests

In the majority of patients without symptoms

suggestive of secondary causes, only a limited

evaluation is routinely required:

* Confirm near-equal blood pressure in left and
right arms (difference of >20 mmHg in sys-
tolic blood pressure is significant)

e Fundoscopy to assess for any hypertensive
retinal changes

¢ Blood tests: full blood counts, urea/electro-
lytes, glucose, thyroid function tests, parathy-
roid hormone, serum calcium level, serum
lipid profile, estimated glomerular filtration
rate

* Urinalysis

* Electrocardiogram (Fig. 11.6)

The presence of any of the following general
features would justify a work-up for secondary
causes of hypertension (Table 11.1 and Fig. 11.7):
* Rapid onset of severe or malignant hyperten-

sion (diastolic BP >120 mmHg +/— acute end

organ damage)

» Persistently raised blood pressures (diastolic
>90 mmHg) despite treatment with three or
more antihypertensive agents (inclusive of
diuretic use)

e Age of onset before puberty

T T T
to18years 19to39years 40 to 64 years 65 years and older

Age groups

e Confirmed hypertension at an age less than
30 years with no risk factors (i.e., non-black,
no family history, normal BMI, normal plasma
cholesterol levels) [34]

No abnormalities were discovered with fur-
ther testing and a diagnosis of essential hyperten-
sion was made. John’s GP explained this
diagnosis and the potential consequences to John.
She then proceeded to discuss risk factors, along
with reassurance that dietary and life-style modi-
fications can be sufficient to treat mild hyperten-
sion. They also discussed the influence his
stressful job may be having on his blood pres-
sure, although the doctor reassured him that work
is often indirectly related via lifestyle issues. This
led on to a discussion about the adverse effects of
smoking, obesity and a sedentary routine. John
had recently read a newspaper article about a
cure for hypertension called renal denervation
and wondered if he might be eligible for this.

What are the principles with regards to
treatment?

The initial treatment approach in mild to mod-
erate uncomplicated essential hypertension is
lifestyle modification [8, 35]. The key features of
this are increasing daily physical activity levels,
with the aim of achieving and maintaining a BMI
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Fig. 11.6 Electrocardiogram showing left ventricular hypertrophy with strain pattern (lateral ST depression)

Table 11.1 Clinical features and diagnostic tests for common secondary causes for hypertension

Secondary causes

Primary
hyperaldosteronism
[52, 53]

Fibromuscular dysplasia
(causing renal artery
stenosis) [54]

Renovascular disease
(causing renal artery
stenosis [55, 56]

Primary renal disease

Clinical clues
Most common (5-10 % of all
hypertensive patients)

Headaches, muscle weakness,
cramps

Causes: Idiopathic or Conn’s
adenoma

Most common in young females
Unknown aetiology

Holosystolic renal artery bruit (see
below)

Occurs in 1 % of all hypertensive
patients

Moderate to severe hypertension
onset in patients over the age of 55

Known history of diffuse
atherosclerosis

Recurrent episodes of flash
pulmonary oedema

Abdominal bruit (can occur in

systole and diastole — low sensitivity)

Raised pre-treatment serum
creatinine

Tests

Classically, unexplained hypokalaemia with
urinary potassium wasting (but most have
normal potassium levels)

Raised plasma aldosterone to renin ratio
(anti-hypertensive therapy does not need to be
discontinued prior to testing)

Acute serum creatinine increase (>30 % of
baseline) with angiotensin-converting enzyme
inhibitor or angiotensin II receptor blocker)
Presence of unilateral small kidney or
unexplained renal size asymmetry (more than
1.5 cm)

Computed tomography angiography

Magnetic resonance imaging with gadolinium
contrast media

Doppler ultrasonography of renal arteries (if
CT and MRI contraindicated)

Renal artery angiography (not first line, but
considered the gold standard)

Urinalysis abnormalities
Renal ultrasonography
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Table 11.1 (continued)

Secondary causes

Coarctation of the
aorta [57]

Thyroid disorders [58]

Primary
hyperparathyroidism [59]
Phaeochromocytoma [27,
60]

Oral contraceptives

Sleep apnoea
syndrome [61]

Cushing’s syndrome
[62, 63]

Clinical clues

Delayed or diminished femoral
pulses

Unequal left and right brachial
pulses

Usually a systolic murmur in the left
infraclavicular area and under the
left scapula (can be non-specific)
Signs and symptoms of hypo/
hyper-thyroidism

Signs and symptoms of
hypercalcaemia

Rare (0.1-0.6 % of hypertensive
patients)

Paroxysmal hypertensive episodes
with headaches, sweating and
palpitations

Temporary hypertension related to
usage

Mainly affects obese males with a
history of snoring, day time
somnolence and fatigue

Cushingoid appearance with
proximal muscle weakness and

Tests

Upper limb hypertension with reduced lower
limb blood pressures (systolic difference
>20 mmHg)

Unequal left and right blood pressures

Magnetic resonance imagining

Serum thyroid-stimulating hormone
Parathyroid hormone and serum calcium levels

ABPM
Plasma free metanephrines (99 % sensitivity)
24-h urinary fractionated metanephrines

Trial off contraceptive medication

Epworth Sleep Apnoea score and overnight
pulse oximetry

Polysomnography
24-h urinary cortisol
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central obesity
Can be iatrogenic

<25. Weight loss lowers systolic blood pressure
by 5-20 mmHg per 10 kg lost [36]. Dietary
changes with particular attention given to increas-
ing proportionate consumption of fruits, vegeta-
ble and low-fat dairy products, and reducing
dietary sodium intake to less than 100 mmol/day,
can also lead to a 10 mmHg reduction in the sys-
tolic blood pressure [37, 38]. Limiting daily alco-
hol consumption is also an important intervention
to ensure good blood pressure control [13].
Vitamin D supplementation could be considered
in those with severely reduced 25-hydroxyvita-
min D levels, especially patients of South Asian
origin who are especially susceptible to vitamin
D deficiency [16]. This has been shown to reverse
the renin-angiotensin activation that is associated
with low vitamin D levels, and can thus improve
blood pressure control [39].

At this early point, counselling is essential to
ensure long term compliance with lifestyle and

Overnight or low-dose dexamethasone
suppression

medical therapy. It is important to explain that
lifestyle modifications are important even if the
BP remains elevated. Equally, patients are often
reassured to find that if medical therapy is
required, a combination of two treatments is not a
marker of “difficult hypertension” or “failed”
treatments but rather a way to achieve optimal
results with fewer side effects.

Lifestyle changes alone can be adequate to
treat mild hypertension and lower overall car-
diovascular risk but persistently raised blood
pressures or evidence of any end-organ dam-
age warrants pharmacological therapy
(Fig. 11.8). The reduction in cardiovascular
risk is directly related to the magnitude of
blood pressure reduction regardless of the
agent used, with the goal being to reduce the
daytime blood pressure to below 140/90 mmHg
(with lower targets in those with concurrent
diabetes) (Fig. 11.9) [8, 40].
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Diagnosis:

Ambulatory blood pressure monitoring (ABPM),
home monitoring or multiple clinic readings™

y

Cause:

History taking, examination, essential’ tests*,
review lifestyle, diet and medications for
potential contributors to raised blood pressure

v

Any clinical features or suspicion of secondary
hypertension (see Table 11.1)?*

No

Yes

Initiate treatment for primary
hypertension according to NICE
guidance 127 (see Figure 11.8)*

Consider further evaluation and
testing (see Table 11.1) to rule out
secondary hypertension (treatment

can be initiated concurrently)*

v

Adolescent/young adult:
1.

Urinalysis, urine culture and
renal imaging to assess for
renovascular disease or
fibromuscular dysplasia
(computed tomography
angiography, magnetic
resonance imaging with
gadolinium contrast media or
renal ultrasonography with
Doppler of renal arteries)

. Plasma aldosterone-to-renin

ratio to assess for primary
hyperaldosteronism

. Consider transthoracic

echocardiography or magnetic
resonance imaging to assess for
coarctation of the aorta

Fig. 11.7 Diagnostic algorithm for the evaluation of pri-
mary and secondary hypertension. National Institute for

Middle-aged adult:

1. Plasma aldosterone to renin ratio to
assess for primary
hyperaldosteronism

2. Clinical assessment tools (such as the
Epworth Sleep Apnea score) with
overnight pulse oximetry, or
polysomnography if features
suggestive of obstructive sleep apnea

3. Consider ABPM and plasma free
metanephrines or 24-hour urinary
fractionated metanephrines for
pheochromocytoma

4. 24-hour urinary cortisol or overnight or
low-dose dexamethasone suppression
for assess for Cushing’s syndrome

l

Older adult:
1.

. 24-hour urinary cortisol or overnight

. Consider ABPM and plasma free

Urinalysis, urine culture and renal
imaging to assess for renovascular
disease

or low-dose dexamethasone
suppression for assess for Cushing’s
syndrome

metanephrines or 24-hour urinary
fractionated metanephrines for
pheochromocytoma

section))*

Consider further tests (see Table 11.1) if no cause identified and secondary hypertension
remains a concern (i.e., in the case of resistant hypertension (see “Specialist Insight”

Health and Clinical Excellence (2011) (Adapted from

*See text for further details.

‘CG 127 [8]. Available from http://guidance.nice.org.uk/
CG127 Reproduced with permission)
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Clinic blood pressure
<140/90 mmHg
Normotensive

Clinic blood pressure
>140/90 mmHg

Clinic blood pressure
>180/110 mmHg If accelerated hypertension,

hypertensive opthalmic changes or

Refer same

| F F Y

| specialist
. . . . care
(Con&der starting ant|hypertenswej

day for

drug treatment immediately

Offer ABPM (or HBPM if ABPM declined or not tolerated)

Assess cardiovascular risk and target organ damage

Y

|

Normotensive

ABPM/HBPM <135/85 mmHg

ABPM/HBPM >135/85 mmHg
Stage | hypertension

ABPM/HBPM >150/95 mmHg
Stage Il hypertension

If evidence of
target organ

damage, consider
alternative causes

Offer to check blood pressure at
least every 5 years, more often
if BP is close to 140/90 mmHg

*See text for further details

If target organ
damage present or 10
year CV risk > 20%

( Offer antihypertensive
drug treatment

)

N

If < 40 years Consider specialist

referral*

Offer patient education and interventions to support
adherence to treatment

Offer lifestyle interventions

Offer annual review to monitor blood pressure, support!
and discuss lifestyle, sy oms and medi

/

P

Fig. 11.8 Updated algorithm for the diagnosis of primary
hypertension. ABPM, ambulatory blood pressure monitor-
ing; HBPM, home blood pressure monitoring. National

Institute for Health and Clinical Excellence (2011) (Adapted
from NICE guidelines [8]. Available from http://guidance.
nice.org.uk/CG127 Reproduced with permission)

Aged <55 years

Aged >55 years or black
person of African or Caribbean

family origin of any age

Fig. 11.9 Updated
algorithm for the
management of primary
hypertension. Adapted
from [8]. National Institute
for Health and Clinical
Excellence (2011)
(Adapted from ‘CG 127
[8]. Available from http://
guidance.nice.org.uk/
CG127 Reproduced with
permission)

A + C (or D if C not tolerated or

known chronic heart failure) Key

A- ACE inhibitor or
angiotensin |l receptor
blocker (ARB)

C- calcium channel blocker
D- thiazide-like diuretic

Resistant hypertension
A+ C + D + further diuretic,
o- or B-blocker
Consider referral for specialist advice,
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Three months later, John attended for a review
with Dr Byrom. He had successfully stopped
smoking, had lost several kilograms of weight
and was now exercising regularly. She re-
examined him for any signs of end-organ damage
(fundoscopy and urinalysis) and also repeated the
ABPM. The results of this showed that John had
been successful in controlling his blood pressure,
and his 24-h average blood pressure was 130/82.
John now attends every year for a blood pressure
review with the practice nurse, and is delighted to

have avoided long-term pharmacological
therapy.
Specialist Insight

What is the strategy for resistant cases?

Failure of the blood pressure to respond to
treatment despite the use of three or more anti-
hypertensive agents (inclusive of a diuretic) is
known as resistant hypertension (as defined by
the American Heart Association 2008 guidelines)
[41]. Resistant hypertension is commonly due to:
e Suboptimal therapy
e Extracellular volume expansion (due to

chronic kidney disease or a high-sodium diet)

[42]

e Poor compliance with medical or dietary
therapy

* Secondary hypertension (see Table 11.1 and
Fig. 11.7)

e “White coat” hypertension [43]

* Ingestion of substances that can elevate the
blood pressure (see below)

Patients with resistant hypertension are more
likely to have an underlying cause for their hyper-
tension, and are also at a much higher risk of
developing cardiovascular complications and
end-organ damage [44]. The strategy with such
patients should include the following:

* Re-evaluation for potential secondary causes
of hypertension

* Assessing for and treating end-organ damage:
premature cardiovascular disease, hypertensive

K.K. Witte and H.A. Jamil

retinopathy, left ventricular hypertrophy, heart
failure (either with normal or reduced ejection
fraction), chronic kidney disease, transient
ischaemic attack or stroke [45, 46].

* Consider stopping any medications or agents
that are known to increase the blood pressure
such as: non-steroidal anti-inflammatory agents,
selective COX-2 inhibitors, decongestants, oral
contraceptives (especially oestrogen), herbal
remedies (such as ginseng, ephedra), amphet-
amines, prednisolone, sympathomimetic diet
pills, psychiatric medications (including antide-
pressants), liquorice, cocaine, alcohol [49].

* ABPM (see above) to rule out co-existent
‘white coat’ hypertension.

* Referral to a hypertension specialist service if
the blood pressure remains elevated for over
6 months despite the above measures and
three or more anti-hypertensive agents.

What is renal denervation?

Renal denervation is a novel therapy that may
be an option for resistant hypertension. It is a per-
cutaneous procedure that involves trans-luminal
radiofrequency sympathetic denervation of the
renal artery. Early case series and a randomised
controlled trial demonstrated safe and significant
blood pressure reductions of around 25/11 mmHg
[47, 48]. However, the recent and only ran-
domised, blinded placebo controlled study of
renal denervation for hypertension (Symplicity
HTN-3) failed to show any significant additional
blood pressure lowering at 6 months [49]. This
trial has fortunately tempered the previously
unfettered enthusiasm for this intervention.

Blood pressure control is merely a surrogate
for morbidity or mortality. New treatments, for
hypertension, especially irreversible device-
based therapies, must not just demonstrate better
blood pressure control but also improved efficacy
in lowering stroke or heart attack rates over cur-
rent treatments before being accepted as routine.
At present renal denervation is not routinely
commissioned by the National Health Service
(NHS) in England, ands trials with hard end-
points are currently ongoing [50, 51].
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