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Definition:

Blood pressure that remains above goal
In spite of the concurrent use of 3
antihypertensive agents of different
classes.

ldeally, 1 should be a diuretic and all
agents should be prescribed at optimal
doses.

AHA Scientific Statement Hypertension 2008;51:1403-1419



Resistant hypertension

Inadequate medication 45-60%
Improper use of diuretics

Secondary hypertension 5-20%
Chronic Kidney Disease
Renal artery stenosis
Hyperaldosteronism
Thyroid disease
Hyperadrenalism
Pheochromocytoma

Non-compliance/non-adherence 16-60%
Whitecoat Hypertension 20-25%

Sleep apnea 83%

Adapted from Resistant Hypertension. Larochelle, presented at the CHC 2011



Resistant Hypertension

Pseudo-Resistant HTN

Error in BP Measurement
Improper cuff size
Improper measurement technique

White coat Hypertension
Non Adherence

Patient factors
Physician factors

Interference by medications or other
exogenous agents

True Resistant HTN



5
- II1I. Assessment of the overall cardiovascular risk

Search for exogenous potentially modifiable factors that can
induce/aggravate hypertension

Prescription Drugs:

e NSAIDs, including coxibs

e Corticosteroids and anabolic steroids

e Oral contraceptive and sex hormones

e Vasoconstricting/sympathomimetic decongestants

e Calcineurin inhibitors (cyclosporin, tacrolimus)

 Erythropoietin and analogues

 Antidepressants: Monoamine oxidase inhibitors (MAOIs),
SNRIs, SSRIs

 Midodrine

Other:

e Licorice root

e Stimulants including cocaine

e Salt

* Excessive alcohol use
2010 Canadian Hypertension Education Program Recommendations









PRIMARY
ALDOSTERONISM

Primary Aldo is common in Resistant hypertension:
20%

Obesity and metabolic syndrome are very common
In IHA, but not APA

-3 Hydroxysteroid dehydrogenase is over-expressed in
zona glomerulosa cells of adrenals from IHA pts and may
have a role in aldosterone synthesis



Table 1. Baseline characteristics of evaluated subjects

Characteristic Total PA non-PA
N 76 34 42
Age (y) 55 + 12 (30-82) 52 = 11 58 = 13%*
Male/female 31/45 21/13 10/32%*
Race: African American/non-African American 45/31 21/13 24/18
BMI (kg/m?2) 33.6 = 8.7 (19.6-62.5) 35.0 = 7.7 32.4 = 9.5
Systolic BP at baseline (mm Hg) 163 = 18 (134-230) 164 + 22 162 = 15
Diastolic BP at baseline (mm Hg) 91 + 14 (62-124) 95 + 13 88 = 15%*
Number of antihypertensive medications 4.0 + 1.0 (3-6) 4.2 +1.1 3.7 = 0.8%
Serum potassium (mEg/L) 4.0 + 0.5 (2.8-5.2) 3.8 0.4 4.1 £ 0.4*
rum sodinm (mEq/l) 139 + 2 A (134_147) 140 + 2 7 138 + 2 4%
PAC (ng/dL) 15.0 = 8.5 (2.0-41.0) 19.0 = 84 11.8 £ 7.2%*
PRA (ng/mL/h) 0.8 = 1.0 (0.2-5.6) 0.4 = 0.3 1.1 = 1.2%
ARR 43.3 + 39.8 (23-155) 61.6 + 436.5 27.7 = 36.1%*
Ualdo (ng/24 h) 14.5 = 9.1 (3.0-43.0) 21.1 * 9.0 9.2 = 4.1
Random UNa (mEq/24 h) 189 = 75 (58-361) 208 = 77 173 = 70
Potassium excretion (mEqg/24 h) 68 + 27 (19-133) 77 = 18 56 + 34%
Final dosage of spironolactone (mg/d) 30.8 = 13.0 (12.5-50) 36.0 = 14.7 26.6 = 10.1*
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R - :
OTHER EVIDENCE SUPPORTING A

ROLE OF MINERALOCORTICOIDS IN
RESISTANT HYPERTENSION:

Table 3. Risk of an Increase in Blood Pressure and the Development of Hypertension According to Baseline Serum
Aldosterone Level.*

Aldosterone Increase in Blood Pressuref Hypertension:;
Adjusted Odds Adjusted Odds
Ratio (95% Cl) P Value Ratio (95% Cl) P Value
Log-transformed aldosterone 1.17 (1.05-1.31) 0.005 1.20 (1.03-1.41) 0.023

level (per 1-SD increase)

Sex-specific aldosterone quartile

First (lowest) 1.00 (reference) 1.00 (reference)

Second 1.15 (0.84-1.58) 0.37 1.19 (0.76-1.87) 0.45

Third 1.26 (0.94-1.68) 0.12 1.31 (0.86-1.99) 0.21

Fourth (highest) 1.60 (1.19-2.14) 0.002 1.61 (1.05-2.46) 0.03
Trend across quartiles 1.16 (1.06-1.27) 0.002 1.17 (1.02-1.34) 0.03

* Odds ratios were adjusted for age, sex, baseline blood-pressure category, systolic blood pressure, diastolic blood pres-
sure, heart rate, body-mass index, percentage weight gain, diabetes, and smoking status. Cl denotes confidence interval.

T An increase in blood pressure was defined as an increment of at least one blood-pressure category (as defined by the sixth
report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure).

I Hypertension was defined as a systolic blood pressure of 140 mm Hg or higher, a diastolic blood pressure of 90 mm Hg

or higher, or the use of antihypertensive medications. i ;
§ For the natural-log-transformed aldosterone level, 1 SD=0.50. \lsaEs:]ah: ggmf;r;'gg;“:;n Offspring Study




Table 5| Putative molecular mechanisms of MR-associated
hypertension

Molecular mechanisms Pathological states

Increased MR gene transcription

Unknown Cerebral ischemia
Unknown Diabetes mellitus
Unknown Chronic kidney disease

Increased MR sensitivity

Desumoylation Oxidative stress

Phosphorylation by Neurodegenerative diseases
cyclin-dependent kinase 5
MR stabilization

MR mRNA stabilization Osmotic hypotonicity
through reduction of Tis11b

Deubiquitylation Hypercytokinemia (EGF, angiotensin ||,

leptin etc.)

Phosphorylation by PKC[(3 High glucose

O-linked-B-N- High glucose
acetylglucosamine
modification

MR overstimulation by other
factors

Rac1-mediated MR nuclear Excessive saltintake
translocation

Activating mutation ofthe MR  |Pregnancy-induced hypertension
gene (5810L)

EGF, epidermal growth factor; MR, mineralocorticoid receptor; mRNA, messenger RNA;
PKCR, protein kinase C3.



P

Elevated plasma

athogenesis of MR-associated hypertension.

aldosterone levels

Primary aldosteronism

Obesity

Sleep disorders

Aldosterone-associated hypertension
Aldosterone breakthrough (escape) phenomenon

Obstructive sleep apnea

e Excessive salt intake

l “Adipocyte-derived factors”

* |nadequate suppression
of aldosterone levels

» Pathological MR activation

Obesity

Diabetes mellitus Resistant hypertension
Chronic kidney disease
Polycystic ovary syndrome
High serum or tissue cortisol

Normal plasma aldosterone levels

Hirotaka Shibata, Hiroshi Itoh. Am J Hypertens 2012; 25:514-23 Cardiovascular complications



Table 2| MR-associated hypertension with normal plasma
aldosterone levels
Definition

MR antagonist-responsive hypertension

Normal plasma aldosterone levels
Pathologic state

Obesity

Diabetes mellitus

Chronic kidney disease

Polycystic ovary syndrome

High serum or tissue cortisol levels

MR, mineralocorticoid receptor.



MR-associated hypertension

Obesit .
o Aldosteronism

* Diabetes mellitus

* Chronic kidney disease

* Polycystic ovary syndrome

High serum or tissue cortisol levels

Figure 2 | MR-associated hypertension and putative diseases.
MR, mineralocorticoid receptor.

MAY 2012 | VOLUME 25 NUMBER 5 | AMERICAN JOURNAL OF HYPERTENSION



Table 1| MR-associated hypertension with elevated plasma
aldosterone levels

Definition
MR antagonist-responsive hypertension

High plasma aldosterone levels (usually greater than 150 pg/ml) in
proportion to plasma renin activity

Pathologic state
Primary aldosteronism
Aldosterone-associated hypertension
Aldosterone breakthrough (escape) phenomenon
Obesity
Obstructive sleep apnea
Sleep disorders (insomnia, sleep deprivation, shift working)

MR, mineralocorticoid receptor.



Aldosterone-Associated Hypertension

Definition: Hypertension with an elevated ARR, an
elevated plasma aldosterone level, but suppress
normally with salt or Captopril testing (i.e., not Primary
Aldosteronism)

Clinical: BP control is achieved in many of these
patients after treatment with an aldosterone
antagonist




Aldosterone Escape or Aldosterone
Breakthrough

Definition: Increased concentrations of aldosterone
and resistance to BP-lowering treatment
following a period of use of an ACE-l or an ARB.
Originally described in CHF and chronic kidney
disease where it occurs in 10-53% of these
patients.

Clinical: An aldosterone antagonist should be
added for most indications in patients on an ACE-
| or an ARB



HOW TO TREAT:




Salt country.....

Sodium recommended: 2300
mg or less/day

Food Sodium

Commercial Broth 900 mg/cup

Canned Soup 550-1000 mg/cup
Canned Tomato Sauce 1000 mg/cup

Frozen Meals Up to 1500 mg/portion
Delicatessen 500-1000 mg/2-3 cuts

Pasta with seasoning 500-1000 mg/cup

C Blais IRCM



Optimize The Diuretic Treatment

Chlorthalidone PK properties:
longer t1/2, 3-fold greater potency/duration of action

Clinical trials:

HDFP,ALLHAT,SHEP with chlorthalidone; multiple trials with HCTZ
In @ combination product

Comparison chlorthalidone vs HCTZ:

greater 24 hour BP lowering effect at night
Ernst ME et al. Hypertension 2006;47:352-8
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2010 Cochrane Review:

- five ciessover RCTS

- mean BP decreases of 20/7 mmiHg

- ne DRAE at Spiionolactone deses below 100 mg/day
- no data on clinical outcomes



RHTN Rx: Lower on the list of

combinations
CEB

Clonidine

Beta-blockers

Often may be used for other indications
eg, CAD, HF

These are renin blockers

Labetalol has added a,-blockade

Aliskiren

Alpha blockade:

Doxazosin: Caveat - withdrawn from ALLHAT

Adapted from Resistant Hypertension, presented by Zarnky
Rocky Mountain/ACP Internal Medicine Meeting 2011



Results of ALTITUDE

Frimary composite outcome 581(13.6%) 542(12.6%) 1123 (0.97,1.22) 0.1663
(13.1%)
Secondary compasite cutcome - CW 444 (10.4%) 396(92%) 840(9.8%) 114 (099 1.30) 0.0664
Secondary composite outcome - renal 166 (3.9%) 18004.2%) 346(4.0%) 093 (0.76,1.15) 0.5178
Component event:
CW death 179(4.2%) 162(3.8%) 341(4.0%) 112 (0.90,1.38) 0.3110
Resuscitated sudden death 131(0.3%) 8(0.2%) 21(02%) 164 (0.68,3.95) 0.2737
Mon-fatal MI 90(2.1%) 88(2.0%) 178(21%) 1.03 (0.77,1.39) 0.8302
Mon-fatal stroke 112(2.6%) 85(2.0%) 197(2.3%) 134 (1.01,177) 0.0439
Lnplannedhospitalization for heart 150(3.5%) 155(3.6%) 2305(3.6%) 098 (0.78,1.23) 0.8716
failure
Onsetof ESRD/renal death T2(1.7%) 60(1.4%) 132(1.5%) 122 (0.87,1.72) 0.2518
Coubling of haseline serum creatinine  141(3.3%) 159(3.7%) 300(3.5%) 090 (0.71.1.12) 0.3431
Deathfrom any cause 297 (6.9%) 277(6.4%) 574(6.7%) 1.08 (092,127) 0.3661




Steps In the Investigation and

Treatment of RHTN

1.Confirm the BP measurement
2.Evaluate non-adherence
3.ldentify interfering medications, other agents
4.Screen for secondary causes of HTN
5.ldentify abnormal lifestyle issues
6.0ptimize antihypertensive therapy

Add or switch to chlorthalidone 25 mg/d

Add an aldosterone antagonist (12.5-50 mg/d
spionolactone)

7.Follow, follow and follow up, again ...

Adapted from Resistant Hypertension. Larochelle, presented at the CHC 2011
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THE VALSALVA MANOUVER




Physiological response

- Initial pressure rise

- On application of expiratory force, pressure rises inside the
chest forcing blood out of the pulmonary circulation into the
left atrium. This causes a mild rise in stroke volume.

- Reduced venous return and compensation

- Return of systemic blood to the heart is impeded by the
pressure inside the chest. The fall in stroke volume
reflexively causes blood vessels to constrict with some
rise in pressure (15 to 20 seconds). This compensation
can be quite marked with pressure returning to near or
even above normal. During this time the pulse rate
Increases (compensatory tachycardia).



- Pressure release

- The pressure on the chest is released, allowing the
pulmonary vessels and the aorta to re-expand. Venous
blood can once more enter the chest and the heart, cardiac
output begins to increase.

- Return of cardiac output

- Blood return to the heart is enhanced by the effect of entry
of blood which had been dammed back, causing a rapid
Increase in cardiac output (24 seconds on). The stroke
volume usually rises above normal before returning to
a normal level. With return of blood pressure, the pulse
rate returns towards normal.



Blood pressure (systolic) and pulse rate during a normal response to Valsalva’s maneuver.
Forty millimeter mercury pressure is applied at 5 seconds and relieved at 20 seconds
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Factitious Pheochromocytoma:
Novel Mimickry by Valsalva Maneuver and

Clues to Diagnosis

Mala T. Kailasam, Robert |. Parmer, Richard A. Stone, Stewart Shankel, Brian P. Kennedy,

Michael G. Ziegler. and Daniel T. O'Connor
Factitious pheochromocytoma usually occurs in pa-
tients surreptitiously ingesting adrenergic medica-
tions. We encountered a case of factitious
pheochromocytoma wherein the subject mimicked
hemodynamic (profound hypertension) and bio-
chemical (plasma catecholamine elevation) mani-
festations of the illness by consciously altering au-
tonomic function with Valsalva maneuver. Clues
to this presentation included visible performance
of Valsalva maneuver, marked disparity between
blood pressures recorded in the presence and ab-

sence of the subject’s knowledge, normal urinary
catecholamine and metabolite excretion, and nor-
mal plasma chromogranin A. We reproduced, in
part, the hemodynamic and biochemical manifesta-
tions of this presentation with Valsalva maneuver
in healthy subjects. Am ] Hypertens 1995;8:651-655

AJH-JUNE 1995-VOL. 8, NO. 6



ATTEMPT TO REENACT THE
PATHOPHYSIOLOGY IN CONTROLS

Because Valsalva maneuwerr arnd I'eSlSTAancCeE exer s
cormmonly coexist.?? and may have additive or syrn-
ergistic effects on blood pressure and catecholamine
release, 12 six healthy supine volunteers were imn-
structed to perform simultaneocusly, for 1 min, a pro-
longed Valsalva maneuver along with isometric

handgrip exercise {(Table 1). Blood pressures rose Sig—
nificantly (F << .001) at 1 xmdanm.

Time (min)

Parameter 0 1 5
Blood pressure (mm Hg)

Systolic 142 £ 6 206 = 15 1355

Diastolic 74+ 3 117 = 4 716

Mean 97 £ 3 146 = 4 92 +4
Heart rate (beats/min) 75%5 85 %5 67 + 4
Plasma norepinephrine (pg/mL) 299 * 45 401 = 83 273 = 42
Plasma epinephrine (pg/mL) 348 40 =9 18 = 4
Plasma chromogranin A (ng/mL)t 27+3 23.1+3 254 +3
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CASE STUDIES IN HYPERTENSION
JOEL HANDLER, MD, SECTION EDITOR

Malingering: An Unusual Cause of Resistant Hypertension

Joel Handler, MD

A 45-year-old man with a history of chest pain, headache, narcotic
dependency, and uncontrolled hypertension presented to the
emergency department at Lakeview Hospital, in Anaheim, California,
with a 3-day history of worsening chest pain and headache. He
completed a 3-day hospitalization with negative objective findings a
month previously when he presented with headache and chest pain.
Initial emergency department blood pressure was 2297143 mm Hg.

“When the nurse brought a flashlight into the room, and asked the
patient to open his mouth she saw that he patient had pocketed the
pills in his cheek and turned his head aside”

Once medication ingestion was regularly confirmed, blood pressures
were consistently approximately 12070 mm Hg on lisinopril 20 mg and
labetalol 200 mg twice a day. Headaches resolved.

Oificlal Jowrnal of the American Soclety of Hyperfension, lnc. The Joumal of Clinlcal Hypertension Vol14 | No T | July 3n2



- Original Article -

Munchausen syndrome: a novel cause of
drug-resistant hypertension

Achille C. Pessina®, Valeria Bisogni®, Ambrogio Fassina® and Gian Paoclo Rossi®

- A young patient presented with a history of resistant
arterial hypertension, associated with disabling
symptoms. He was subjected to an enormous number of
tests to identify a pheochromocytoma that was never
found. He was eventually discovered to make factitious
use of amphetamine to mimic this condition in order to
gain medical attention.

- Munchausen syndrome was thus diagnosed.

www,jhypertension.com Volume 31« Number 7 « July 2013



Differentiation of Malingering From Factitious
Disorder

- Factitious disorders, of which the most notorious
example is Munchausen’s syndrome, is
characterized by the “intentional production of physical
or psychological signs or symptoms”. In contrast to
malingering, the motivation is “a psychological need to
assume the sick role.”

- The subtype of factitious disorder “with
predominantly physical signs and symptoms” includes
feigned or self-produced pain, impaired wound healing,
hypoglycemia, anemia, seizures, diarrhea, and fever.



L
DSM-IV-TR diagnostic criteria for
factitious disorder are:

- Intentional production or feigning of physical or psychological
signs or symptoms.

- Motivation for the behavior is to assume the sick role.
- Absence of external incentives for the behavior.

- Because the differentiation of malingering and factitious
disorder relies on the reason for the behavior as interpreted by
the physician, there is a spectrum of uncertainty, overlapping
conditions, and bias leading to mistaken diagnosis.
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Baron Munchausen is a
fictional Germahn nobleman in
literature and film, loosely
based on a real baron,
Hieronymus Karl Friedrich,
Freiherr von Milinchhausen,
The fictional Baron
Munchausen is a braggart
soldier, most strongly
defined by his ¢comically
overexaggerated boasts
about his own adventures
the during the Russo-Turkish
War (1735-1739)
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L
Immunofluorescence

®Direct Immunofluorescence - Negative
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Photosensitivity

*MED-0.6J
*MPD-1.5J




L
Photosensitivity

An additional diagnostic test was performed that
established the diagnosis -

What was the test?

What Is the diagnosis?




Photoprovocation test
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