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1 Introduction

Abstract

Conservatively, ten million people in the USA alone may suffer from RH
and may be similarly prevalent elsewhere. Given the strong linear corre-
lation between hypertension and cardiovascular outcomes, better control
is paramount. We favor a multi-pronged approach. It may not suffice to
address this by pharmacologic means only. Careful attention to modifiable
risk factors, particularly sodium intake, adhering to a proper diet
(i.e. DASH), and avoiding agents, i.e. non-steroidals, that can elevate
the blood pressure, is key. Frequent follow up to establish the right
treatment regimen and home blood pressuring monitoring can have a
strong impact on control. Finally, consideration of device therapy may
be a more viable option in the future.
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one quarter of U.S. adults were hypertensive, and
of those only one half were considered con-

Hypertension is the most common chronic dis-
ease in the developed world. Between 2005 and
2008, the National Health and Nutrition Exami-
nation Survey (NHANES) estimated that nearly
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trolled. Therefore, adequate control is of utmost
public health importance given the linear rela-
tionship  between blood pressure and
cardiovascular risk.

While essential hypertension (EH) usually
results from a complex interaction between
genetic traits and lifestyle factors such as weight,
stress, and sodium intake, several other defined
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forms of hypertension exist. Among these are
white coat hypertension, masked hypertension,
resistant hypertension (RH), refractory hyperten-
sion and pseudohypertension. This chapter will
focus on RH which is defined as a blood pressure
of >140/90 despite appropriate adherence to a
regimen of three antihypertensive agents includ-
ing a diuretic. Its actual prevalence unknown,
estimates in several recent studies show it to be
an increasingly common finding.

Therapy in RH, as in EH, requires not only
pharmacologic intervention, but also lifestyle
modification, careful scrutiny of pharmacologic
and herbal remedies, supplements, and over the
counter agents. Device therapy may offer prom-
ise in the future. Certain epidemiologic factors
appear more prevalent in the RH population than
in other hypertensive cohorts. Recognition of
these patients is a challenge to clinicians but
several clues may identify patients for targeted
therapies.

In this chapter, we will describe the epidemi-
ology, prognosis, disease states, diagnostic eval-
uation, non-pharmacologic and pharmacologic
treatment of RH.

2 Establishing the Diagnosis

Distinguishing RH from other forms of hyperten-
sion is critical. The sine qua non of RH is a blood
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pressure > 140/90 on three maximally dosed/
tolerated drugs including a well-dosed diuretic,
preferably a thiazide or mineralocorticoid antag-
onist rather than a loop diuretic which tends to be
less effective in blood pressure control (Sarafidis
2011). Correct blood pressure measuring is also
critical and is described elsewhere (Kaplan and
et al. 2010). Table 1 lists the forms of hyperten-
sion and associated diagnostic criteria.

3 Epidemiology

The actual prevalence of RH is unknown but
estimates range from 8 to 15 % of all hyperten-
sive subjects. An ethnically diverse cross-
sectional study done in the Kaiser-Permanente
system in Southern California between 2006
and 2007 revealed 12.8 % of all hypertensive
individuals met criteria for RH. This was partic-
ularly common among males, those of black
race, obese, and older subjects. Diabetes
mellitus, ischemic heart disease, congestive
heart failure, and chronic kidney disease (CKD)
also associated with RH (Pimenta et al. 2012).
In the most recent National Health and Nutri-
tion Examination Survey (NHANES) between
2005 and 2008, among 6000 adults with hyper-
tension, 11.8 % had RH. Between 1988-1994
and 1999-2004 the prevalence was estimated to
5.5 and 8.5 % respectively. In today’s terms,

Table 1 Lists the forms of hypertension and associated diagnostic criteria

Cause Criteria
Essential
hypertension

White coat
hypertension
Masked
hypertension
Pseudohypertension
Resistant
hypertension
Refractory

hypertension (Kaplan et al. 2010)

#Ambulatory blood pressure monitoring
"Mineralocorticoid antagonists

Lacks specific known/causative condition; genetics, diet, environmental factors play role
Office BP > 140/90 with reliable out of office readings < 140/90; Can confirm with ABPM*
Office BP < 140/90; home readings > 140/90

Radial pulse remains palpable despite occlusion of brachial artery, the Osler Maneuver
BP > 140/90 on 3 antihypertensives including a diuretic

Like resistant hypertension but on 4 antihypertensives and less likely to respond to MRA®



Resistant Hypertension

based on the latest NHANES data some 76 mil-
lion Americans are hypertensive, of which 12 %
or nine million individuals may be resistant
(Pimenta et al. 2012; Persell 2011).

In the Antihypertensive and Lipid-Lowering
Treatment To Prevent Heart Attack trial
(ALLHAT), International Verapamil-
Trandolapril Study (INVEST), and Avoiding
Cardiovascular Events through Combination
Therapy in Patients Living with Systolic Hyper-

tension (ACCOMPLISH) trials RH was
estimated at 8-15 % of these hypertensive
cohorts (The ALLHAT  Officers and

Coordinators for the ALLHAT Collaborative
Research Group 2002; Pepine et al. 1998;
Jamerson et al. 2008).

4 Prognosis

Patients with RH are at greater risk for end organ
damage such as left ventricular hypertrophy
(LVH), CKD, and albuminuria than those
patients who have controlled blood pressure
(Sarafidis 2011).

Table 2 Lists the most common causes of RH
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Retrospectively, Daugherty et al. found that
RH was significantly associated with a 47 %
increased risk of adverse cardiovascular
outcomes (Daugherty 2012). Armario studied
513 patients in a Spanish cohort with RH finding
LVH by echocardiography in 57 %; 46 % had
albuminuria (Armario 2011).

Successfully lowering blood pressure in RH
may reduce cardiovascular events. Pisoni
et al showed a 96 % reduction in cardiovascular
events over 18 months with the use of 3 antihy-
pertensive agents versus placebo in patients with
severe diastolic hypertension (Pisoni 2009).

Sales et al demonstrated the additional clinical
benefits of ambulatory blood pressure monitoring
(ABPM) in RH and found that elevated systolic
and diastolic blood pressures predicted cardio-
vascular and overall mortality (Salles
et al. 2008).

5 RH: Associated Medical
Conditions: Secondary Causes
of Hypertension and Workup

Table 2 lists the most common causes of RH.

Clues to its diagnosis

Hypokalemia, metabolic alkalosis, mild
hypernatremia (Acelajado 2011).

Flash pulmonary edema with preserved systolic
function, atherosclerotic disease, abdominal or
femoral bruit, absent pedal pulses, assymetric
kidneys on imaging (Cooper et al. 2014).
Fatigue, day time somnolence, poor sleep
(Drager 2010)

Diagnosis Etiology

Primary Bilateral hyperplasia, solitary adrenal

aldosteronism adenoma

Renovascular Renal artery stenosis, fibromuscular

hypertension dysplasia

OSA Partial or complete collapse of the airway
during sleep

CKD Acute glomerulonephritis, APCKD, renal

Cushing syndrome

Coarctation of the
aorta

Liddle syndrome

Pheochromocytoma

cell carcinoma, renin-producing tumors,
vasculitis and chronic pyelonephritis
Excess endogenous or exogenous
glucocorticoids

Discrete narrowing in the region of the
ligamentum arteriosum

Causal mutation of the beta subunit of the
amiloride sensitive sodium channel
Catecholamine-secreting tumors of the
adrenal medulla and the sympathetic
ganglia

Elevated creatinine, abnormal urine studies
(Thomas 2015)

Moon facies, abdominal striae, truncal obesity,
hirsuitism and kyphoscoliosis (Moneva 2002)
Hypertension in the upper extremities with
hypotension in the lower extremities, a systolic-
diastolic murmur audible on the chest or back
and a time delay between brachial and femoral
pulses or pulse diminishment (Prisant 2004)
Hypokalemia, mild hypernatremia and
metabolic alkalosis (Rose 2001)

Episodic headache, sweating, and tachycardia
(Stein 1981)
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5.1 Primary Hyperaldosteronism
Among patients with RH, primary hyperaldos-
teronism (PHA) is likely the most common
identifiable cause. In an analysis of 88 patients
with RH, 20 % had PHA (Calhoun et al. 2002).
Acelajado et al. found a 17 % prevalence of RH
due to PHA (Acelajado 2011).

Screening should occur in hypertensive
subjects with unexplained or unprovoked hypo-
kalemia, or if induced by diuretics, resisting cor-
rection. Those with a strong family history of
hypertension, especially early-onset
(<40 years), drug resistant hypertension, hyper-
tensive with an adrenal “incidentaloma,” should
also be screened. Morning samples for plasma
aldosterone concentration (PAC), plasma renin
activity (PRA) and an aldosterone to renin ratio
(ARR) are obtained. We suggest holding MRAs
and continuing all other drugs to avoid
accelerating hypertension.

An ARR above 20 is consistent with PHA.
Additionally, a PAC of greater than 15 ng/dl
yields a positive screening result. Twenty-four
urinary aldosterone measurements confirm the
diagnosis. Salt sensitivity is diagnosed when the
Aldosterone levels are relatively high but fail to
reach threshold values for PHA. These patients
are highly responsive to MRAs but also to simple
sodium restriction.

Computed tomography (CT) represents the
best test for this for confirming an adrenal
tumor. Incidental adrenal adenomas are found
in 4 % of the general population on CT, and are
particularly common after the age of 40. Pro-
ceeding to adrenal vein sampling is reasonable
in the hypertensive patient over 40 with an ade-
noma. This can help lateralize the hormonal
excess and direct surgical excision. In bilateral
adrenal hyperplasia medical therapy with MRAs
is best” (Mantero 2000).

5.2 Renovascular Hypertension

Renovascular hypertension is common among
hypertensive patients with multiple risk factors
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for atherosclerotic disease, particularly those
with RH.

An abdominal bruit and known history of
athereosclerosis and tobacco use are commonly
seen. Patients challenged with ACE inhibitors
(ACE I) or Angiotensin Receptor Blockers
(ARB may get ischemic nephropathy due to the
effects on Angiotensin II and the efferent renal
arteriole. Bloodwork usually shows an elevated
PRA and PAC. Once suspected, imaging
modalities, particularly duplex ultrasonography,
magnetic resonance angiography (MRA) and
computed tomography angiography (CTA) are
performed.

In duplex ultrasonography, reliable detection
of RAS is operator dependent and sensitivity and
specificity do not compare favorably with MRA
or CTA. MRA confers the risk of gadolinium
induced nephrogenic systemic fibrosis, a syn-
drome linked to individuals with a GFR
<30 ml/min. CTA requires a significant volume
of contrast and may be contraindicated in those
with advancing CKD. Conventional intraarterial
angiography can confirm diagnosis. Unfortu-
nately, three separate trials have shown no
benefit to interventional approaches relative to
medical management and this often leads to a
diagnostic quandary as to whether to pursue this
diagnosis at all (Cooper et al. 2014; The Astral
Trial Investigators 2009; Bax et al. 2009).

Therapy usually includes dual anti-platelet
therapy, antihyperlipidemic drugs, and blood
pressure control. Use of ACE I or ARB is gener-
ally discouraged due to the risk of ischemic
nephropathy (Cooper et al. 2014).

53 Obstructive Sleep Apnea

Obstructive sleep apnea (OSA) occurs when
there is a partial or complete collapse of the
airway during sleep. Affecting nearly 2.4 % of
adults, it is associated with mortality and cardio-
vascular risks (Drager 2010). The Ohasama study
showed each 5 % deficiency in the normal
decline in nocturnal blood pressure was
associated with an approximate 20 % increase
in risk of cardiovascular mortality (Ohkubo
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et al. 2000). The prevalence of OSA in hyperten-
sive patients may be as high as 56 % and in
resistant hypertensive patients, nearly 80 %.

Polysomnography confirms the diagnosis
when the apnea hypopnea index (AHI) is greater
than 5. Alajmi et al identified ten randomized
controlled trials that found that the effects of
CPAP on reduction of blood pressure were mod-
est and not significant. Reductions in BP tended
to be larger in patients with severe OSA (AHI
> 30), and a trend for systolic BP reduction was
associated with higher CPAP adherence (Alajmi
2007; Hyun 2015).

5.4 Chronic Kidney Disease

Broadly this diagnosis captures glomerular and
vascular disorders, hypertension, diabetic kidney
disease and other forms. The Chronic Renal
Insufficiency Cohort (CRIC) investigators
looked at nondialysis CKD patients. Fully 40 %
of the cohort had RH and among these there was
a higher risk of congestive heart failure and CKD
progression versus those without RH (Thomas
2015).

Increased fluid and sodium retention and
subsequent intravascular expansion leads to
treatment resistance. Khosla et al found that
MRAs are effective and safe to reach goal
blood pressure amongst patients with diabetic
nepheropathy when added to a triple antihyper-
tensive regimen of diuretic, ACE I and Calcium
Channel Blocker (CCB). Aside from the reduc-
tion of blood pressure, they are modestly
antiproteinuric ~ (Khosla ~ 2009;  Williams
et al. 2015). Treating the underlying renal disor-
der may also be of some benefit.

5.5 Cushing Syndrome

Hypertension is present in 70-90 % of patients

with Cushing’s syndrome (Moneva 2002).
Screening consists of an early morning Corti-

sol reading which can be verified either by a low

dose dexamethasone suppression test (DST) or

measurement of a 24-h urinary free cortisol level.
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Following DST a morning plasma cortisol level
is drawn. Levels greater than 5 mg/dL are con-
sistent with Cushing’s Syndrome. Alternatively,
a 24 h urine cortisol level over 55 mcg confirms
the diagnosis. Further testing/imaging should fol-
low to determine if there is an ectopic, pituitary
or adrenal source. CT or MRI of the pituitary and
adrenals should secure the diagnosis.

The therapy used in Cushing Syndrome to
treat patients with hypertension is the same treat-
ment of EH. The use of MRA may be particularly
effective in patients with very high cortisol
levels. In a study by Ulick et al, cortisol was the
major mineralocorticoid in ectopic ACTH syn-
drome (Moneva 2002; Ulick et al. 1992).

5.6 Coarctation of the Aorta

Coarctation of the aorta accounts for approxi-
mately 6-8 % of congenital heart disease in
infants and children. Although rare compared
with other causes of secondary hypertension,
accounting for only 0.2 % of the adult popula-
tion, clinicians should be aware of the elements
of physical exam abnormalities that can point to
the diagnosis (Prisant 2004). Aortic imaging
confirms the diagnosis. Early correction is
advised (Prisant 2004; Yetman 1997).

5.7 Liddle Syndrome

Liddle Syndrome is a rare form of autosomal
dominant hypertension. Clinically, hypertension
usually begins in childhood. Genetic testing is
available but costly. Diagnosis is often clinical.
Despite a clinical presentation typical of primary
aldosteronism, PRA and PAC are Ilow.
Potassium-sparing diuretics are the therapy of
choice in Liddle syndrome (Rose 2001).

5.8 Pheochromocytoma

Pheochromocytomas account for fewer than
0.2 % cases of hypertension. Almost one half of
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these patients have RH whereas most of the rest
have apparent EH (Stein 1981).

Once suspected, interfering medications, such
as tricyclics and other psychoactive agents, in the
screening and confirmation of the diagnosis
should be discontinued 2 weeks prior to the
assessment. Screening includes 24 h urinary and
plasma catecholamine levels and may include
MIBG scintigraphy. Although 10 % of
pheochromocytomas are extra-adrenal, 95 %
are intra-abdominal. CT or MRI of the abdomen
are highly sensitive (98—100 %) but only 70 %
specific due to the high prevalence of adrenal
“incidentalomas.” (Guerrero 2009)

Surgical resection is the definitive treatment.
Preoperatively, therapy is aimed at controlling
blood pressure and prevent intraoperative HTN.
Phenoxybenzamine is the preferred drug of
choice as well as propanolol which is initiated
thereafter. This order of treatment is important to
avoid stimulating unopposed alpha adrenergic
receptors (Tauzin-Fin 2004).

6 RH: Lifestyle Factors/
Modifications

While establishing a secondary cause can allow
the practitioner to address a specific issue,
i.e. treating PHA with an MRA, often a second-
ary cause is elusive. In the a section below drug
options will be discussed. As medical costs con-
tinue to climb, efforts to find inexpensive
solutions to expensive problems is paramount.
If the prevalence estimates of RH are correct at
8—15 % of the hypertensive population, the eco-
nomic implications are astounding. This assumes
that lowering blood pressure will lead to fewer
cardiovascular, cerebrovascular and renal
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outcomes. Correcting modifiable risk factors
may offer a very cost-sensitive way to approach
this problem. The upcoming Triumph trial will
look at an RH population and assess the value of
exercise training, low sodium diet, DASH diet,
and weight  management (Blumenthal
et al. 2015). Our current practice is to address
these factors as we would in other hypertensive
populations in the hopes the results will be simi-
lar. Table 3 lists many of the modifiable risk
factors and the magnitude of their effects.

6.1 Sodium Consumption

The majority of patients with RH may consume
more than 10 g of sodium per day. In a resistant
population on a mean off 3—4 antihypertensive
agents, Calhoun et al demonstrated that lower
sodium intake (50 mmol/day vs 250 mmol)
decreased blood pressures by 23/10 mmHg
(office readings and ABPM) (Calhoun 2009). In
current guidelines for hypertensive individuals,
dietary sodium should be less than 100 mmol/
day or 2.4 g of sodium chloride (Calhoun 2009).
For salt sensitive patients, even lower amounts of
sodium may be necessary. Two pivotal trials
highlight the effect of sodium restriction and
how it is magnified by Thiazide diuretic usage.
Fothersby et al studied 17 untreated subjects with
a mean systolic BP of 176 +/— 11 mmHg and
simply applied an 80-100 mmol/day sodium
restriction without any antihypertensive agents.
The BP fell a disappointing 5/2 mmHg. Gavras
et al however showed that by adding a thiazide
diuretic to an austere sodium diet (10 mmol/day)
BP fell 21/7 mmHg (Gavras 1981; Fothersby
1993).

Table 3 Lists many of the modifiable risk factors and the magnitude of their effects (James et al. 2014)

Goal
<5-6 g/day

Factor
Sodium consumption
Ethanol intake

Weight loss BMI < 25 kg/m (2)
Exercise 30 min daily aerobic exercise
Diet DASH diet

20-30 g/day for men
10-20 g/day for women

Estimated systolic BP effect
8-14 mmHg
2-4 mmHg

5-10 mmHg per 10 kg wt loss
4-9 mmHg
11 mmHg
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6.2 Weight Loss
The Dietary Approaches to Stopping Hyperten-
sion (DASH) trial utilized a Mediterranean diet
with low fat, high fiber, rich in calcium and
potassium, and lowered systolic BP by
11 mmHg in just 2 weeks’ time. When sodium
restriction was added the BP fell a bit further but
was less well-tolerated (Sacks et al. 2001). We
target a BMI goal of < 25 kg/m”. The German
Hydra Trial demonstrated that for a BMI > 40
kg/m(2) vs < 25 kg/m(2), there was 5.3 fold
increased risk of RH and a 3.2 fold risk of refrac-
tory hypertension (Sharma et al. 2004). The addi-
tive effect of exercise and alcohol moderation
can be a useful adjunct.

6.3 Over the Counter Agents,
Supplements, and Medications

That Can Raise Blood Pressure

A growing trend toward alternative therapies
exists and patients often seek “non-traditional”
therapies to treat various maladies. Additionally,
certain over the counter agents can raise the
blood pressure and should be avoided, particu-
larly in those with RH. Other agents are medi-
cally necessary, e.g. immunosuppressants in a
transplant recipient and little can be done. Table 4
lists these and recommendations/comments.
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6.4 Pharmacologic Therapy

While certain forms of RH mandate specific
therapy, i.e. CPAP for OSA or adrenalectomy
for an aldosterone secreting tumor, when there
is no such directed therapy, there is little avail-
able data to guide treatment options. To satisfy
the definition of RH, diuretic therapy is manda-
tory, and we prefer thiazides and mineralocorti-
coid antagonists to loop diuretics. Further,
lacking much guidance in the literature we advo-
cate using the first line agents from the Joint
National Committee VIII recommendations
which would include treating with an ACE I or
ARB and a dihydropyridine CCB such as
Amlodipine (James et al. 2014). The Pathways
I trial showed that among those with RH,
Aldactone was superior to Bisoprolol or
Doxazosin for blood pressure control. The Resis-
tant Hypertension Optimal Treatment Trial is a
Brazilian study will compare spironolactone to
clonidine as the best fourth agent to a standard
regimen that includes diuretics, ace inhibitors/
angiotensin receptor blockers and a calcium
channel blocker (Williams et al. 2015; Krieger
et al. 2014).

We further recommend those with RH pur-
chase a blood pressure cuff, be instructed on
proper use, and keep a diary of readings.
Calibrating the cuff with an office cuff can be
helpful. Ambulatory blood pressure monitoring

Table 4 Lists these and recommendations/comments (James et al. 2014)

Supplement/Drug/Herb Comment
Nonsteroidal anti-inflammatory | Salt-retention

drugs

Nasal decongestants Vasoconstricting
Diet pills Multiple mechanisms

Sympathomimetic agents
Oral contraceptives
Steroids

Calcineurin inhibitors
Street drugs
Antidepressants

Herbal remedies

Tachycardia, vasoconstriction

Multiple hormonal mechanisms

Anabolic/Catabolic

Cyclosporine, Tacrolimus

Cocaine, Amphetamines, etc

Venlafaxine, Monoamine oxidase inhibitors, Tricyclic Antidepressants,
Fluoxetine

Arnica, Bitter Orange, Ephedra, Ginkgo, Ginseng, Guarana, Licorice, Senna,
St. John’s Wort
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intuitively makes sense but is not reimbursed, is
expensive and not widely available. Patients are
counseled that controlling blood pressure may
take weeks to months or longer and requires
frequent follow up.

6.5 Device Therapy

In light of the prevalence of RH and hypertension
in general, the inherent difficulties in effectively
treating the disease(s), and potential impact of a
successful non-pharmacological therapy, several
different devices have been trialed. Unfortu-
nately, the results have thus far been
disappointing.

Surgical sympathectomy in the 1920s “cured”
hypertension but at the expense of causing syn-
cope and a host of other neurologic findings
(Grimson et al. 1949). Catheter-based renal
denervation resulted whereby an electrical pulse
within the renal arterial lumen severs sympa-
thetic fibers from the brain to the kidney. Initial
results from the european Symplicity II
investigators were promising (office blood pres-
sure fell systolically by 32 mmHg versus pla-
cebo) but failed in a larger trial (Esler
et al. 2010; Bhatt et al. 2014).

Carotid Sinus  Baroreceptor  Electrical
Stimulators send an impulse to the brain that
BP is actually higher reflexively causing reduc-
tion in sympathetic output, and lower BP. Of the
265 subjects with RH in the trial nearly 80 % of
those treated experienced a 44 mmHg decline in
systolic blood pressure. As the trial failed to meet
2 of its 5 pre-specified endpoints (short-term
efficacy and procedure-related adverse events)
it remains unapproved in the U.S. by the Food
and Drug Administration (Bisognano 2011).

Central Arteriovenous Anastomosis creates a
conduit anastomosis between large vessels,
shunting substantial blood volume into high-
capacity, low-resistance venous system, thereby
decreasing total systemic vascular resistance and
therefore BP. Lobo et al studied 88 patients with
RH and found mean office systolic blood pres-
sure and mean ambulatory blood pressure fell by
26.9 and 13.5 mmHg among those treated versus
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3.7 and 0.5 mmHg not treated (Lobo 2015).
Median and vagus nerve stimulators may offer
promise as well but remain poorly studied.
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