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Sec ond ary hy per ten sion is re spon si ble for

< 10% of cases of adult hy per ten sion. The

sus pi cion of a sec ond ary cause should be

height ened when ever the clin i cal pic ture or

re sponse to treat ment is not typ i cal of those of

es sen tial hy per ten sion [1]. The more atyp i cal

the pic ture is, the higher the sus pi cion of sec -

ond ary hy per ten sion should be (Ta ble 1).

Clues for the pres ence of sec ond ary hy per ten -

sion should be sought in the orig i nal

 evaluation of all hy per ten sive sub jects and

dur ing the course of treat ment. At a min i -

mum, a uri nal y sis and po tas sium (K+), cal -

cium (Ca2+), and creatinine lev els should be

done on any pa tient with con firmed hy per ten -

sion be fore treat ment is ini ti ated. A de tailed

his tory of me dic i nal and rec re ational drug use 

is of ut most im por tance be cause many of

these sub stances are known to cause blood

pres sure el e va tion [2]. A fam ily his tory of

child hood hy per ten sion, re nal dis ease, pheo -

chromocytoma, endocrinopathies, or hypo -

kalemia may be an im por tant clue to the pres -

ence of sec ond ary hy per ten sion.

In some in stances es sen tial and sec ond ary

hy per ten sion could co ex ist, and the re moval

of the sec ond ary cause (such as ex ces sive al -

co hol con sump tion) leads to eas ier con trol of

the es sen tial com po nent. Re mov ing the cause 

in cor rectly di ag nosed sec ond ary hy per ten -

sion leads to nor mal iza tion of the blood pres -

sure un less there is an other co ex ist ing fac tor,

or when the sec ond ary hy per ten sion has been

long last ing and al ready caused ir re vers ible

damage to the cardiovascular bed and the

kidneys.

Mineralocorticoid
Hypertension and Liddle
Syndrome

Nor mal Phys i ol ogy. The ac ti va tion of the

renin-an gio ten sin sys tem leads to the pro duc -

tion of an gio ten sin (Ang) II which, among

other things, binds to a mem brane re cep tor in

the zona glomerulosa of the ad re nal cor tex

lead ing to a se ries of re ac tions that end with

aldosterone biosynthesis (Fig ure 1). Aldos -

terone acts on the dis tal tu bules and cor ti cal

col lect ing ducts of the kid ney by oc cu py ing

an intracellular re cep tor, the mineralo -

corticoid or type I re cep tor, lead ing to an in -

crease in the num ber of so dium chan nels that
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Ta ble 1. The typical picture of essential hyper -
tension.

– Age of on set 25 – 55, older for iso lated sys tolic
HTN

– Asymp tom atic
– Mild-to-mod er ate in se ver ity (< 180/110)
– Lack of grade III or IV retinopathy
– Uri nal y sis, re nal func tion, and po tas sium are

nor mal
– Con trol la ble with nonpharmacological mea -

sures and up to 3 drugs at max i mum doses



are open in the api cal mem branes of the ep i -

the lial cells. Aldosterone also in creases po -

tas sium con duc tance into the tu bu lar lu men

through spe cific chan nels. At the basolateral

mem brane, aldosterone in creases the syn the -

sis of Na+-K+-ATPase. The fi nal result is

sodium reabsorption and potassium secretion

[3].

Un der nor mal cir cum stances, cortisol is

more abun dant in the cir cu la tion than aldos -

terone and is ca pa ble of bind ing the mineralo -

corticoid re cep tors. How ever, corti sol is pro -

hib ited from ac ti vat ing these re cep tors be -

cause the en zyme 11b-hydroxy steroid de hy -

drogenase 2 in the endoplasmic re tic u lum of

cells that have mineralocorticoid re cep tors

con verts cortisol into the in ac tive me tab o lite

cor ti sone (Figure 2) [4].

Mineralocorticoid hy per ten sion and Liddle 

syn drome share in their pathogenesis an in ap -

pro pri ate in crease of so dium (Na+) re ab sorp -

tion and po tas sium and hy dro gen ion se cre -

tion by the ep i the lial cells lin ing the dis tal tu -

bules and col lect ing ducts. Hy per ten sion,

hypokalemia, and met a bolic alkalosis are

typ i cal, but the se rum po tas sium might be

nor mal. This group of dis or ders is caused by

one of three mechanisms:

– an ex ces si ve pro duc ti on of al dos te ro ne

or anot her sub stan ce ca pa ble of acti -

vating the mi ne ra lo cor ti coid receptor,

– a re la ti ve or ab so lu te de fi cien cy of 11b-

 hy droxysteroid de hyd ro ge na se 2, allow -

ing cor ti sol to act as a mi ne ra lo cor ti coid

(the syn dro me of ap pa rent mi ne ra lo cor -

ti coid ex cess (AME)), or

– an ab nor mal Na+ chan nel that fails to

 close in re spon se to de ac ti vat ion of the

min eralocorticoid re cep tor (Liddle syn -

dro me).

Di ag no sis. The usual clue to the di ag no sis

of mineralocorticoid hy per ten sion is the pres -

ence of un pro voked hypokalemia. The

workup starts by eval u at ing re nal po tas sium
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Fig ure 1. Path ways of ad re nal ste roid biosynthesis. The con ver sions occurring in the zonae glomerulosa
and fasciculata are marked by bro ken rect an gles. The en zymes re spon si ble for each biosynthetic step are
listed in the sur round ing boxes. The en zyme CYP11B2 (aldosterone synthase) me di ates the last three steps in 
aldosterone biosynthesis. De fi cien cies of CYP11B1 and CYP17 lead to the hy per ten sive forms of con gen i tal
ad re nal hy per pla sia. Adapted from [3].



ex cre tion while the pa tient is hypokalemic.

De creased dis tal de liv ery of Na+ and wa ter

may lead to di min ished po tas sium ex cre tion;

thus, one has to as sure that, at the time of eval -

u a tion, Na+ ex cre tion is ³ 50 mEq/24 hours.

Un der these cir cum stances, kaliuria of more

than 30 mEq/24 hours, in the ab sence of di -

uretic ther apy, con firms the di ag no sis of a

hypokalemic hy per ten sive syn drome. The

next step would be to cor rect the hypokalemia 

with po tas sium chlo ride sup ple ment and ob -

tain a ran dom am bu la tory plasma aldosterone 

(PA) and plasma renin ac tiv ity (PRA). From

these, a PA/PRA ra tio could be cal cu lated. Di -

uret ics, ACE in hib i tors, Ang II blockers,

b-blockers, and pos si bly cal cium chan nel

blockers in ter fere with these mea sure ments

and, ac cord ing to tra di tional teach ings,

should be avoided when these tests are done

[5]. Re cently, the need to dis con tinue blood

pres sure med i ca tion has been chal lenged.

The au thor rec om mends that at least ACE in -

hib i tors and an gio ten sin re cep tor blockers be

stopped be fore test ing is done. Spiro -

nolactone should not be ini ti ated un til these

tests are fin ished. If the pa tient is al ready on

this drug, it will need to be dis con tin ued for

more than a month be fore renin and aldos -

terone mea sure ments are done. Plot ting the

re sults in the graph in Fig ure 3 will help in the

dif fer en tial di ag no sis and guide fur ther

workup [3, 6]. This nomogram is in ac cu rate

in pa tients with chronic re nal fail ure (CRF).

Primary Hyperaldosteronism

It has been de scribed in all age groups but

mostly in the fourth and fifth de cades of life.
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Fig ure 2. A cell in a re nal cor ti cal col lect ing duct.
Aldosterone oc cu pies nu clear re cep tors (MR) that
bind to hor mone-re sponse el e ments (HRE) lead ing
to in creased ac tiv i ties of api cal so dium chan nels
and the basolateral NA, K-ATPase. The net re sult is
re sorp tion of so dium and ex cre tion of po tas sium.
11b-hydroxysteroid dehydrogenase, shown in the
top, con verts the cortisol en ter ing the cell into cor ti -
sone, pro hib it ing it from ac ti va tion MR. In ap pro pri -
ate Na+ re ab sorp tion oc curs if there is 1) a de fect in
the so dium chan nel (Liddle syn drome), 2) ex ces -
sive pro duc tion of mineralocorticoids or 3) in suf fi -
cient ac tiv ity of 11-HSD. Adapted from [9].

Fig ure 3. Re la tion of plasma aldosterone con cen -
tra tion to the ra tio of plasma aldosterone to plasma
renin ac tiv ity in mineralocorticoid hy per ten sion. To
con vert val ues of plasma aldosterone from ng/dl to
pM/l mul ti ply by 27.7. Adapted from [3].



Hypokalemia is usu ally the cause for sus pect -

ing this di ag no sis. The de vel op ment of a K+

level be low 3 mEq/l dur ing treat ment with

con ven tional doses of di uret ics, the un re -

spon sive ness of milder de grees of di uretic-in -

duced hypokalemia to po tas sium sup ple -

ments, or the ad di tion of po tas sium-spar ing

di uret ics are also rea sons to con sider this di -

ag no sis. Hyperaldosteronism should be sus -

pected in pa tients with re sis tant or se vere hy -

per ten sion re gard less of their po tas sium lev -

els. About half of the hy per ten sive pa tients

with unprovoked hypokalemia have primary

hyperaldosteronism.

The source of the ex cess aldosterone is an

ad re nal adenoma in about one half to

two-thirds of cases, bi lat eral ad re nal hy per -

pla sia in the ma jor ity of the rest and, rarely,

other pa thol o gies, in clud ing uni lat eral ad re -

nal hy per pla sia, car ci noma, and ectopic

aldosterone-pro duc ing tu mors [5]. Pa tients

with adenomas tend to be youn ger at the time

of di ag no sis and have ev i dence of more se -

vere dis ease man i fested by higher blood pres -

sure, lower se rum K+, and more pro found

alkalosis. Most cases are spo radic, but fa mil -

ial forms of both hy per pla sia and adenoma

ex ist. Co ex is tence of pri mary aldosteronism

with pheochromocytoma and fibromuscular

hy per pla sia of the renal artery has been rarely

described.

Hypokalemia, met a bolic alkalosis, and, at

times, hypomagnesemia are the re sult of in -

creased K+, hy dro gen (H+), and mag ne sium

(Mg2+) se cre tion in ex change of the Na+ be -

ing re ab sorbed. Hypokalemia leads to weak -

ness and re nal re sis tance to antidiuretic hor -

mone (ADH) with re sul tant polyuria and

polydipsia. The loss of free wa ter can lead to

bor der line hypernatremia. Some pa tients are

tachycardic and have signs of a hyperkinetic

circulatory state.

Normokalemic pri mary hyperaldostero n -

ism was re ported to be pres ent in 7% to as

high as 50% of cases. It is more of ten as so ci -

ated with hy per pla sia than adenoma and may

be come hypokalemic in the course of the dis -

ease, ei ther spon ta ne ously or fol low ing the

use of di uret ics. The search for pri mary

hyper aldosteronism need not be done when

the se rum po tas sium is nor mal ex cept in the

cases of re sis tant or se vere hy per ten sion or if

a fa mil ial form is sus pected. Rare cases of

normotensive hyperaldosteronism have been

described.

Di ag no sis. As dis cussed pre vi ously, un pro -

voked hypokalemia is usu ally the clue to con -

sid er ing the di ag no sis of pri mary hyper -

aldosteronism. The workup should start as

ex plained above. At times the pic ture is very

clear, but usu ally fur ther test ing is needed.

The pur pose of these tests is to try to doc u -

ment that PRA is not stimulable by pro ce -

dures such as up right pos ture and use of di -

uret ics and that aldosterone level is not sup -

press ible by pro ce dures such as vol ume ex -

pan sion. Many of these tests have been de -

scribed. Doc u men ta tion of low PRA (< 1.0

ng/ml/hour) af ter 2 hours of up right pos ture

with el e vated aldosterone lev els of > 10 ng/dl

fol low ing the ad min is tra tion of 2 l of nor mal

sa line over 4 hours are usu ally di ag nos tic.

Aldosterone val ues be tween 6 and 10 ng/dl

fall in the gray zone and are some times seen in 

hy per pla sia. Nor mal sub jects sup press

aldosterone lev els to < 5 ng/dl. An el e vated

24-hour uri nary aldosterone level (> 14 mg/24 

hours) while the pa tient is on a high so dium

diet (as doc u mented by > 250 mEq of Na ex -

cre tion in the col lec tion) is use ful. Fail ure to

sup press aldosterone level after oral captopril 

is an alternative to salt loading.

Once pri mary aldosteronism is di ag nosed,

dif fer en ti a tion be tween adenoma and hy per -

pla sia needs to be made. This is of ten dif fi -

cult, and none of the nu mer ous tech niques has 

a dis crim i na tory power of 100%. The up right

pos ture test, 18-hydroxycorticosterone (18-
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 OHB) lev els, ad re nal ve nous aldosterone

mea sure ments, iodocholesterol nu clear scan -

ning with dexamethasone and ad re nal com -

puted to mog ra phy (CT) all have good dis -

crim i na tory power. All adenomas ³ 1.5 cm in

di am e ter, 60% of those be tween 1 and 1.4 cm,

and rarely adenomas mea sur ing < 1 cm can be 

di ag nosed with CT. A suggested scheme is

shown in Figure 4.

The 4-hour up right test is based on the con -

cept that adenomas as op posed to hyperpla -

sias do not re spond to pos tural-in duced stim -

u la tion of the renin-an gio ten sin sys tem. The

sen si tiv ity and spec i fic ity of this test for de -

tect ing an adenoma are about 80%. 18-OHB

is a pre cur sor of aldosterone. Its basal level is

usu ally > 100 ng/dl in adenomas and < 60

ng/dl in hy per pla sia. Ad re nal ve nous plasma

aldosterone is an in va sive and skill-re quir ing

pro ce dure with suc cess rates in some ex pert

hands of no more than 65%. Com pli ca tions

in clud ing ve nous throm bo sis and ad re nal in -

suf fi ciency sec ond ary to radiocontrast extra -

vasation into the ad re nals can oc cur. Nor mal

ad re nal ve nous con cen tra tion is 200 – 600

ng/dl. In adenomas the ra tio of ipsilateral to

contralateral aldosterone is usu ally > 10 : 1.

To as sure cor rect cath e ter place ment, adreno -

corticotropic hor mone (ACTH)-stim u lated

cortisol lev els should be sym met ri cal. Nu -

clear im ag ing, where avail able, is less in va -

sive. NP-59 scan ning is re ported to be more

ad van ta geous than iodocholesterol. The test

is best done with dexa meth a sone suppression

where adenomas remain visible and bilateral

hyperplasias fade.

Ther apy. Adenomas are best treated sur gi -

cally. Pre op er a tive ther apy with spirono lac -

tone may help pre dict the re sponse to ther apy

and should ame lio rate the hy per ten sion and

hypokalemia perioperatively. Post op er a -

tively aldosterone de fi ciency with hypo -

tension and hyperkalemia may de velop but

usu ally re solve within 6 months. In the Cor -

nell se ries, sur gery led to a cure of hy per ten -

sion in 35% of cases and im prove ment in

56%. Youn ger age, lower PRA, and laterali -

za tion of aldosterone se cre tion were as so ci -

ated with higher prob a bil ity of cure. Enucle -

ation of adenomas, com pared to uni lat eral
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Fig ure 4. A sug gested al go rithm for the dif fer en ti a tion be tween aldosterone-pro duc ing adenomas and hy -
per plas ias. 18-OHB ist 18-OH corticosterone. Adapted from [7].



adrenalectomy, led in one study to a better re -

serve adrenocortical func tion. This is prob a -

bly of no clin i cal im por tance, and the

enucleation tech nique is more com pli cated.

Lap aro scopic adrenalectomy is an op tion that

has gained pop u lar ity in the recent years and

has become the surgical method of choice.

Spironolactone is the treat ment of choice

for ad re nal hy per pla sia and in pa tients with

adenomas not treated sur gi cally. Med i cal

man age ment of adenomas has been shown to

pro vide good re sults and should be con sid -

ered in pa tients who are not good sur gi cal

can di dates, those who elect not to have sur -

gery and when ever dif fer en ti a tion be tween a

hy per pla sia and an adenoma is dif fi cult [8].

Doses of 50 – 200 mg/day are used; salt re -

stric tion should en hance the re sponse. Other

po tas sium spar ing di uret ics such as triam -

terene or amiloride could be used in pa tients

in tol er ant to spironolactone. Thiazide diu -

retics, b-blockers and cal cium chan nel

blockers could be used in ad di tion to

spironolactone in the pa tient that re quire

com bi na tion ther apy to con trol their blood

pres sure.

Glucocorticoid-remediable
Aldosteronism (GRA)

GRA is a rare autosomal dom i nant form of

hyperaldosteronism with bi lat eral hy per pla -

sia char ac ter ized by the pro duc tion of aldos -

terone in the zona fasciculata and sup pres -

sibility of the hyperaldosteronism by gluco -

corticosteroids [9]. The dis ease is also called

glucocorticoid-sup press ible hyper aldos te -

ronism and dexa meth a sone-sup press ible hy -

per aldosteronism.

Cortisol and aldosterone syn the ses re quire

11b-hydroxylation of ste roid in ter me di ates.

These steps are nor mally cat a lyzed by dif fer -

ent isoenzymes, re spec tively termed ste roid

11b-hy drox y lase (CYP11B1) in the zona

 fasciculata and aldosterone synthase

(CYP11B2) in the zona glomerulosa. The lat -

ter isoenzyme also cat a lyzes the sub se quent

18-hydroxylation and 18-ox i da tion steps re -

quired for aldosterone synthesis (Figure 1).

Sub jects with GRA have been shown to

have 3 rather than 2 CYP11B genes. The ex tra 

gene, lo cated be tween the other two, is chi -

me ric and con tains the reg u la tory re gion of

the en zyme that pro motes the con ver sion of

deoxycortisol to cortisol (11b-hy drox y lase or 

CYP11B1) and the cod ing se quences of the

aldosterone synthase gene (CYP11B2). The

for mer con fers a zona fasciculata lo ca tion and 

ACTH sen si tiv ity and the lat ter aldosterone

production [9].

Hy per ten sion in most in stances oc curs in

the first two de cades of life. Many af fected

pa tients, di ag nosed by ge netic test ing, are

even normotensive. Se rum K+ is nor mal in

more than half of the cases, but these sub jects

tend to de velop pro nounced hypokalemia

with the use of di uret ics. The high prev a lence

of normokalemia is thought to be due to a di -

ur nal de cline of aldosterone that fol lows

ACTH level. Hem or rhagic strokes and rup -

tured in tra cerebral aneurysms are com mon.

Screen ing for these aneurysms with mag netic

res o nance angiography is rec om mended in

all pa tients. Lev els of the uri nary hy brid ste -

roid 18-oxocortisol are el e vated and could be

used to make the di ag no sis. In a study of 15

pa tients with this syn drome, all had val ues of

> 40 m/g of creatinine. The high est value in

11 normals was 17.4 m/g of creatinine. 18-hy -

droxy cortisol lev els are also el e vated. Ge -

netic test ing is avail able and pref er a ble. The

treat ment of this con di tion is the use of

glucocorticoids to sup press ACTH pro duc -

tion and thus aldosterone pro duc tion in the

zona fasciculata. The start ing dose in adults is

1 – 2 mg of dexa meth a sone daily. This usu ally 
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leads to nor mal iza tion or at least im prove -

ment of the blood pres sure. When 18-

 oxocortisol stud ies and ge netic test ing are not

avail able, the hypotensive and chem i cal re -

sponses to 0.5 mg of dexamethasone 4 times

daily could be used as a diagnostic test.

Tumors Producing
Mineralocorticoids Other Than
Aldosterone

Tu mors pro duc ing deoxycorticosterone or

21-deoxyaldosterone rather than aldosterone

have been de scribed. The pic ture is that of

mineralocorticoid ex cess with out el e va tion

of the se rum aldosterone. These tu mors are

usu ally ma lig nant and are eas ily de tect able by 

CT be cause of their size. An dro gen and es tro -

gen secretion is common.

The Syndrome of Cortisol
Resistance

In this fa mil ial dis ease there is par tial

cortisol re sis tance with re sul tant ACTH-in -

duced in creased syn the sis of ste roids with

mineralocorticoid ac tiv ity, an dro gens, and

cortisol. Pa tients usu ally have mineralo -

corticoid hy per ten sion, symp toms of an dro -

gen ex cess, but no cushingoid fea tures. The

clin i cal pre sen ta tion is ex tremely vari able

[10].

Congenital Adrenal Hyperplasia

Con gen i tal ad re nal hy per pla sia com prises

a group of autosomal re ces sive dis or ders that

re sult from de fi cien cies in en zymes nec es sary 

in the syn the sis path ways of adrenocortical

hor mones. Man i fes ta tions are the re sult of in -

ad e quate lev els of the end prod ucts of ste roid

syn the sis, es pe cially cortisol, and the over -

pro duc tion, in the zona fasciculata, of the pre -

cur sor ste roids prox i mal to the en zy matic

block (Fig ure 1). Most cases of con gen i tal ad -

re nal hy per pla sia are normotensives, but two

un com mon syn dromes – 11b-hy drox y lase

de fi ciency and 17a-hy drox y lase de fi ciency – 

are of ten as so ci ated with hy per ten sion and

hypokalemia. Aldosterone lev els are typ i -

cally low. In both con di tions, glucocorticoid

ther apy, by sup press ing ACTH production,

corrects the metabolic abnormalities and the

hypertension [9].

11b-hy drox y lase (CYP11B1) de fi ciency

oc curs in about 1 in 200,000 births. Hy per ten -

sion is pres ent in two-thirds of pa tients. The

on set is of ten in the first few years of life, and

the in ci dence of end-or gan dam age is high.

Hypokalemia is not com mon. The abil ity to

syn the size aldosterone is un im paired, but

renin and aldosterone lev els are both sup -

pressed. Deoxycorticosterone lev els do not

cor re late well with blood pres sure and other

sub stances, in clud ing some me tab o lites of

deoxycorticosterone, seem to play a role in

the pathogenesis of hy per ten sion. Ac cu mu la -

tion of ad re nal an dro gens leads to signs of

masculinization at birth and rapid so matic

growth dur ing child hood. Lev els of deoxy -

corticosterone and 11-deoxycortisol in the se -

rum and their tetrahydrometabolites in the

urine are el e vated. Ge netic anal y sis has thus

far iden ti fied 20 dif fer ent mu ta tions in the

CYP11B1 gene in patients with classical

forms of this disorder [9].

17a-hy drox y lase (CYP17) de fi ciency

is less com mon than 11b-hy drox y lase

(CYP11B1) de fi ciency. Symp toms of ad re nal 

in suf fi ciency are lack ing be cause cortico -

sterone is a glucocorticoid ag o nist. Ex ces sive

pro duc tion of deoxycorticosterone leads to
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hy per ten sion. The pro duc tion of sex hor -

mones is im paired. The dis ease is usu ally rec -

og nized at the age of pu berty when symp toms 

of hypogonadism, pri mary amenorrhea, and

sex ual in fan til ism in fe males and pseudo -

hermaphroditism in males are noted. Growth

is usu ally not im paired. El e vated pro ges ter -

one lev els and near ab sence of 17a- hydroxy -

progesterone and an dro gens in the se rum and

17-ketosteroids in the urine are di ag nos tic.

Mu ta tions in the CYP17 gene have been iden -

ti fied in many pa tients with this dis or der [11].

Hypokalemic Hyperreninemic
Hypertension

In this group of dis or ders, both the renin

and aldosterone are el e vated. In some in -

stances, such as di uretic-in duced hypo -

kalemia, hy per ten sion and hypokalemia are

caused by dif fer ent mech a nisms. In other in -

stances, both hypokalemia and hy per ten sion

are a re sult of stim u la tion of the renin-an gio -

ten sin axis.

Renin-producing Tumors

Re nal and extrarenal renin-pro duc ing tu -

mors have been de scribed in fre quently in the

lit er a ture [12]. Renin and more im pres sively

prorenin lev els are usu ally ex tremely high,

and the hypokalemia could be se vere.

Hyponatremia and heavy proteinuria have

some times been de scribed. Tu mors of the

juxtaglomerular ap pa ra tus, Wilms tu mors,

rare cases of re nal cell car ci no mas, and few

extrarenal ma lig nan cies have been the source

of the renin ex cre tion. Re nal angiogram is

usu ally needed to rule out renovascular hy -

per ten sion, which can rarely cause a sim i lar

met a bolic pic ture [13]. CT is use ful for tu mor

lo cal iza tion. The hy per ten sive hypokalemic

syn drome re sponds to treatment of the tumor

and ACE inhibitors.

Diuretic-associated Hypokalemic
Hypertension

The coexistence of es sen tial hy per ten sion

and di uretic-in duced hypokalemia is the most 

com mon cause of hypokalemic hy per ten sion. 

In the ma jor ity of cases the di ag no sis is

straight for ward. Oc ca sion ally a pa tient with

sur rep ti tious di uretic abuse may pose a di ag -

nos tic chal lenge. The syn drome of sur rep ti -

tious di uretic abuse is clas si cally clas si fied as

a cause of normotensive hypokalemia when it 

needs to be dif fer en ti ated from Bartter syn -

drome. How ever, be cause es sen tial hy per ten -

sion is com mon in the gen eral pop u la tion and

be cause hypertensives may have eas ier ac -

cess to di uret ics, it could be seen in as so ci a -

tion with es sen tial hy per ten sion. Uri nary K+

ex cre tion is el e vated, but if the pa tient stops

the di uretic be fore the urine col lec tion it

could be low as a re sult of the body’s ap pro -

pri ate re sponse to con serve K+. Screening for

the presence of diuretics in the urine is

available.

Cortisol-induced Mineralocorticoid
Excess

This is a group of dis or ders char ac ter ized

by ex cess mineralocorticoid ac tiv ity ex hib -

ited by cortisol. The re nal isoform of the en -

zyme 11b-hydroxysteroid dehydrogenase

(11b-HSD2) is ei ther con gen i tally de fi cient,

chem i cally in hib ited, or over whelmed by

large amount of cortisol, al low ing this sub -

stance to ac ti vate the mineralocorticoid re -

cep tors in the dis tal tu bules (Fig ure 2). In all
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these dis or ders aldosterone, deoxycortico -

sterone lev els, and PRA are low [4].

The Syndrome of Apparent
Mineralocorticoid Excess (AME)

In the more com mon con gen i tal form of

AME (type 1), there is a mu ta tion in the gene

for the kid ney isoform of 11b- hydroxy steroid 

dehydrogenase (the NAD-de pend ent iso -

form) lo cated in chro mo some 16q22. The dis -

ease is in her ited in an autosomal re ces sive

man ner. The ra tio of the cortisol me tab o lites

tetrahydrocortisol plus allotetrahydrocortisol

to tetrahydrocortisone, nor mally about 1 is

³ 8. Clin i cal man i fes ta tions in clude hy per ten -

sion and hypokalemia dur ing child hood,

intrauterine growth re tar da tion, and fail ure to

thrive. The ad min is tra tion of dexa meth a sone, 

by sup press ing cortisol pro duc tion, will cor -

rect the hypokalemia, but antihypertensives

are of ten still needed to con trol the blood

pres sure. Ge netic test ing is avail able. The

diagnosis is usually made in children and

young adults.

11b-hydroxysteroid dehydrogenase ac tiv -

ity is in hib ited by lic o rice or sim i lar com -

pounds. The in hib it ing chem i cal in lic o rice is

a ste roid named glycyrrhetinic acid. It works

both com pet i tively and by re duc ing gene ex -

pres sion. Flavonoids pres ent in grape fruit

juice have been shown ex per i men tally to in -

hibit 11b-hydroxysteroid dehydrogenase.

The clin i cal im por tance of this find ing is un -

known. Lic o rice is pres ent in some con fec -

tion ery items, chew ing to bacco, chew ing

gum, and some drinks, pastis in France and

irk al-soos in the Mid dle East. Carben -

oxolone, an antiulcer med i ca tion, has a chem -

i cal struc ture sim i lar to that of glycyrrhetinic

acid and can cause the same syn drome. The

hy per ten sion and hypokalemia should re -

solve within weeks af ter the dis con tinu a tion

of the of fend ing agent. Pa tients with chronic

re nal fail ure, es pe cially those with hy per ten -

sion, have ev i dence of de creased ac tiv ity of

11b-hydroxysteroid dehydrogenase, and this

may be one of the mechanisms in the

pathogenesis of renal hypertension.

A rarer syn drome called AME type 2 was

de scribed. As op posed to AME type 1, the ra -

tio of the cortisol me tab o lites tetrahydro -

cortisol plus allotetrahydrocortisol to tetra -

hydrocortisone is nor mal. Some re search has

sug gested that the hy per ten sive syn drome

seen with the carbenoxolone is an ac quired

form of this dis or der. Ex pla na tions of how

AME type 2 dif fers from AME type 1 are dis -

cussed elsewhere [4].

Cushing Syndrome

In Cush ing syn drome, which is caused by

ectopic pro duc tion of ACTH, and less com -

monly in other forms of Cush ing syn drome,

the amount of cortisol pro duced could over -

whelm 11b-hydroxysteroid dehydrogenase,

and enough cortisol at the lev els of the dis tal

re nal tu bules will be left to ex ert mineralo -

corticoid ac tiv ity. Ev i dence also in di cates

that in this con di tion there is in hi bi tion of

11b-hydroxysteroid dehydrogenase, pos si bly 

by ACTH. More com monly the hy per ten sion

of Cush ing syn drome is not hypokalemic and

is discussed in another chapter.

Liddle Syndrome

In Liddle syn drome the col lect ing tu bule

Na+ chan nel, which is the path Na+ takes

when en ter ing from the tu bule into the cell,

fails to close in re sponse to aldosterone sup -

pres sion caused by vol ume ex pan sion. The
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dis ease is trans mit ted in an autosomal dom i -

nant fash ion. It is caused by mu ta tions in the

car boxyl-ter mi nus of the beta or gamma sub -

units of the re nal ep i the lial Na+ channel’s

gene.

Liddle syn drome usu ally pres ents it self in

child hood with hy per ten sion, hypokalemia,

low renin and aldosterone, and nor mal

cortisol lev els. Ge netic test ing of rel a tives of

in dex cases has shown that the hy per ten sion

could be mild and not ap par ent un til adult -

hood and that hypokalemia is of ten ab sent,

sug gest ing that this dis ease may be

underdiagnosed [14]. Liddle syn drome was

orig i nally de scribed in whites and Orientals

but black in di vid u als were recently found to

have it.

The po tas sium-spar ing di uret ics triam -

terene and amiloride di rectly close the so -

dium chan nels and are used in the treat ment

of Liddle syn drome. Spironolactone is in ef -

fec tive be cause the in crease of so dium chan -

nel ac tiv ity in this dis or der is in de pend ent of

aldosterone. This fea ture could help di ag nos -

ti cally. Fail ure to re spond to dexa meth a -

sone-in duced ACTH sup pres sion dis tin -

guishes this syndrome from AME.

Ta ble 2 sum ma rizes fea tures that might be

help ful in the dif fer en tial di ag no sis of

mineralocorticoid hy per ten sion [15].

Pheochromocytoma

Pheochromocytomas are catecholamine-

 secreting tu mors that arise from neuro -

ectodermal chromaffin cells, which are part

of the adrenergic sys tem. Their ex act prev a -

lence is un known, but they are thought to be

re spon si ble for less than 0.1% of all cases of

hy per ten sion. About 90% of tu mors are lo -

cated in the ad re nal me dulla. The rest oc cur in 

other sites in the ab do men and pel vis such

as the or gan of Zuckerkandl, paraganglia

chrom affin cells, and the uri nary blad der, and

< 2% above the di a phragm in a paraspinal lo -

ca tion, the pericardium, the neck, base of the

skull, and other rare sites. The typ i cal pheo -

chromocytomas are spo radic, sin gu lar, and

be nign but some vi o late one or more of these

rules. They oc cur at any age but more com -

monly in the fourth and fifth de cades. They

are more com mon in fe males except in the

pediatric age group.

Clin i cal Man i fes ta tions. The clin i cal man i -

fes ta tions of pheochromocytomas re sult

mainly from ex cess cir cu lat ing cate chol -

amines and com pli ca tions of hy per ten sion.

Oc ca sion ally the se cre tion of a va ri ety of pep -

tides, lo cal ef fect of the tu mor, and the pres -

ence of a co ex ist ing syn drome con trib ute to

the pic ture. Due to the vari a tion of the rate of

catecholamine se cre tion and its de pend ence

on many ex og e nous and en dog e nous stim uli,

symp toms and signs tend to be par ox ys mal.

The fre quency of the at tacks var ies from sev -

eral per day to one ev ery few months. They

typ i cally last less than an hour, but the du ra -

tion also varies. The onset is abrupt and the

resolution is slow.

At least two of the symp toms from the clas -

si cal triad of head ache, tachy car dia, and

sweat ing are pres ent in al most all pa tients

with pheochromocytoma. Pal lor, diz zi ness,

acute anx i ety, trem u lous ness, pain in the

chest and other sites, nau sea, vom it ing, con -

sti pa tion, symp toms of ischemic bow els,

symp toms of di lated cardiomyopathy, weight

loss, fe ver, and other symp toms could also be

pres ent. Hyperglycemia is a com mon lab o ra -

tory find ing in pheochromocytoma. Hypo -

kalemia, hypercalcemia, and lac tic acidosis

are rarely encountered.

The hy per ten sion in pheochromocytoma is

par ox ys mal in about 50% of cases and per sis -

tent in the other half. Even in this group blood
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pres sure tends to fluc tu ate widely. Rarely, pa -

tients with pre dom i nantly epi neph rine-se -

cret ing tu mors have hy per ten sion al ter nat ing

with hypotension. Orthostatic hypotension

with tachy car dia can oc cur and is at trib uted to 

de sen si ti za tion of the adrenergic receptors

and volume depletion.

Some drugs such as b-blockers may pre cip -

i tate a hy per ten sive at tack. This re ac tion is

due to the block ade of the vasodilatory pe -

riph eral b-re cep tors with un op posed al pha

stim u la tion. Stress ors such as intubation, an -

es the sia, sur gery, and trauma may cause a se -

vere pressor re ac tion. Un ex plained cir cu la -

tory shock, es pe cially perioperatively, dur ing

preg nancy and de liv ery, and fol low ing ad -

min is tra tion of phenothiazines, may be seen.

Blad der pheochromocytomas are as so ci ated

with pain less hematuria, and at tacks could be

pre cip i tated by blad der dis ten sion or micturi -

tion.

Oc ca sion ally, pheochromocytomas se crete

some sub stances such as vasoactive in tes ti nal

pep tide (VIP), se ro to nin, calcitonin, eryth ro -

poi e tin, adrenocorticotropic hor mone, para -

thyroid hor mone (PTH)-re lated pro tein, and

renin lead ing to some un usual man i fes ta tions. 

Cholelithiasis, for some un ex plained rea son,

is re ported to be com mon.

Two forms of mul ti ple en do crine neo pla sia

(MEN-2A and MEN-2B) are, in about 40% of 

cases, as so ci ated with pheochromocytoma.

Both are in her ited in an autosomal dom i nant

fash ion. MEN-2A in cludes medullary thy roid 

car ci noma or C-cell hy per pla sia and hyper -

parathyroidism, and MEN-2B in cludes

medullary thy roid car ci noma in al most all

cases, mucosal neuromas of the lips and

tongue, thick ened cor neal nerves, al i men tary

tract ganglioneuromatosis, megacolon, and

marfanoid habitus. Pheochromocytomas as -

so ci ated with MEN are bi lat eral in 30% of

cases. Ma lig nant dis ease in fa mil ial forms of

pheochromocytoma is rare.

Pheochromocytoma is also a fea ture of von

Hippel-Lindau (vHL) dis ease, which also in -

cludes ret i nal angiomas, hemangioblastoma

of the cen tral ner vous sys tem (CNS), re nal

cysts and car ci noma, pan cre atic cysts, and

epididymal cystadenoma. Bi lat eral dis ease is

com mon. Extraadrenal pheochromocytomas

are more fre quently vHL dis ease com pared to

spo radic cases and those as so ci ated with

MEN-2. Pa tients with neurofibromatosis type 

1 (NF1), tu ber ous scle ro sis (TS), fa mil ial ca -

rotid body tu mors and Sturge-Weber syn -

drome have in creased prevalence of pheo -

chromocytoma.

In a study from Ger many [9], 23% of 82 un -

se lected pa tients with pheochromocytoma

were found to be gene car ri ers of MEN-2 or

vHL dis ease. The au thors of this study rec om -

mended that ev ery pa tient with a pheo -

chromocytoma be screened for both MEN-2

and vHL by the pentagastrin test, mea sure -

ment of se rum PTH, ophthalmo scopic ex am i -

na tion, MRI of the brain, CT of the ab do men,

and ul tra sound of the tes ti cles. First-de gree

rel a tives of pa tients with one of these syn -

dromes and of pa tients with multifocal

pheochromocytomas should have pheo -

chromocytoma ruled out re gard less of their

symptomatology [16].

Di ag no sis. Pheochromocytoma should be

sus pected in pa tients with se vere or re frac tory 

hy per ten sion, when one or more of the fea -

tures de tailed above are en coun tered in a hy -

per ten sive pa tient, or when an ad re nal mass is

found in ci den tally in an im ag ing study. Pa -

tients di ag nosed with one of the above he red i -

tary dis or ders and their fam ily mem bers

should be screened periodically for the dis -

ease. Ge netic test ing for the RET onco gene of 

MEN-2 and the von Hippel-Lindau tu mor

suppressor gene could be done at some

research laboratories.

Many con di tions may mimic pheo chromo -

cytomas, in clud ing hyperkinetic hy per ten -
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sion, hyperthyroidism, panic at tacks, hypo -

glycemic re ac tions, meno pause, abuse of

street drugs in clud ing co caine and am phet -

amines, use of med i ca tions such as phenyl -

propanolamine or b-agonists, the con com i -

tant use of a monoamine oxidase in hib i tor

(MAOI), tyramine-con tain ing foods, and

clonidine and b-blocker with drawal.

Many tests for di ag nos ing pheochromo -

cytoma are avail able. The low pre test ing

prev a lence of pheochromocytoma, even in

pa tients with sug ges tive fea tures, makes the

pos i tive pre dic tive value of highly spe cific

tests also low. The search for pheo chromo -

cytoma re mains very im por tant due to the se -

vere con se quences of miss ing the di ag no sis.

The re cently de vel oped test for mea sure ment

of plasma-free metanephrines, due to its very

high sen si tiv ity of 99% and a high speceficity

of 89% (at up per ref er ence lim its are 0.66

pmol/ml for plasma normetanephrine and

0.30 pmol/ml for metanephrine) should be the 

di ag nos tic test of choice [18]. The high sen si -

tiv ity of the test is due to the fact that free

metanephrines, as oppesed to cate chol -

amines, are re leased con tin u ously from the

tu mor into the blood. The sen si tiv ity of other

tests in clud ing uri nary stud ies and plasma

catecholamines is much lower. A nor mal

level of both metanephrine and normetane -

phrine rules out the di ag no sis. Pa tients who

have normetanephrine lev els that ex ceed 2.5

pmol/ml or metanephrine lev els above 1.5

pmol/ml are con firmed to have pheochromo -

cytoma. If lev els are high but nei ther ex ceeds

these val ues, then the test should be re peated

and a nor mal value of both rules out the di ag -

no sis. The rest of pa tients should have a
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Ta ble 3. Drugs and substances that may interfere with the measurements of urinary catecholamines and
their me tab o lites.

In crease Ap par ent Value De crease Ap par ent Value

Benzodiazepines Clofibrate
Cate chol amines and drugs con tain ing cate chol amines Disulfiram
Chlorpromazine Eth a nol (VMA lev els)
Erythromycin Fenfluramine (large doses),

a-methyltyrosine
Eth a nol (catecholamine and me tab o lite lev els) MAO in hib i tors (VMA lev els)
Isoprenolol (Isoproterenol) Methylglucamine (in renovist. renografin, etc.)
Labetalol

Levodopa

MAO in hib i tors (metanephrine lev els)

Methyldopa

Nalidixic acid

Other flu o res cent sub stances (e.g., qui nine,
quinidine, bile in urine)

Rapid clonidine with drawal

Man ger WM, Gifford RW 1995 Pheochromocytoma: a clin i cal over view. Adapted from [17], p. 2237.



diagnostic workup as shown in Fig ure 5.

Plasma metanephrine levels are el e vated in

monoamine oxidase de fi ciency. Caf feine and

acetaminophen should be avoided prior to

test ing. Mea sure ment of to tal plasma cate -

chol amine lev els (epi neph rine + norepi neph -

rine), re quires that blood be drawn via a pre -

vi ously in serted in dwell ing cath e ter af ter the

pa tient has rested in a su pine po si tion for 30

min. If plasma tests are not avail able, uri nary

tests could be done in stead; these tests suf fer

from low sen si tiv ity mak ing rul ing out the di -

ag no sis a dif fi cult task. A com bi na tion of

these tests in creases the sen si tiv ity at the ex -

pense of specificity. Many drugs and sub -

stances may interfere with the measurement

of catecholamines and their metabolites

(Table 3).

The clonidine sup pres sion test is used to

dif fer en ti ate be tween pheochromocytomas

and other con di tions as so ci ated with el e vated

cate chol amines, such as neurogenic hy per -

ten sion. By sup press ing the sym pa thetic ner -

vous sys tem, clonidine re duces the norepi -

neph rine level by 50% or to a nor mal value in

neurogenic hy per ten sion, but not in pa tients

with pheochromocytoma. b-blockers should

be dis con tin ued at least 2 days be fore test ing

be cause they can in ter fere with the sup pres -

sion of catecholamine con cen tra tion in pa -

tients with neurogenic hy per ten sion. Drugs

that in ter fere with catechol amine mea sure -

ments should also be avoided (Ta ble 3), and

other antihypertensive med i ca tions should be 

dis con tin ued at least 12 hours be fore the test.

Vol ume de ple tion at the time of the test can

lead to pro found hypotension, and, if pres ent,

it should be treated be fore hand. The test con -

sists of ob tain ing base line plasma cate chol -

amines as de scribed pre vi ously fol lowed by

ad min is tra tion of 0.3 mg of clonidine orally

and then af ter 3 hours of bed rest an other

plasma catecholamine de ter mi na tion. Pa -

tients with out a pheochromo cyt oma usu ally

sup press the to tal catecholamine con cen tra -

tion to < 500 pg/ml.

Rarely, the glucagon stim u la tion test is re -

quired to di ag nose a paroxysmally se cret ing

tu mor. It con sists of ob tain ing a base line

catecholamine spec i men, fol lowed by the ad -

min is tra tion of 1 mg of in tra ve nous (IV)

glucagon and a sec ond mea sure ment 2 min
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Fig ure 5. A sug gested al go rithm for the workup
and lo cal iza tion of pheochromocytoma. Adapted
from [18]. Used with per mis sion.



 after the in fu sion. The di ag no sis of pheo chro -

mo cytoma is made if there is a 3-fold rise in

catecholamine lev els or if the ab so lute value

be comes > 2000 pg/ml. This test is con tra in -

di cated if the blood pres sure is > 160/105.

Premedication with an a1-blocker or

nifedipine may pre vent a hy per ten sive re -

sponse with out in ter fer ing with the mea sure -

ments. This test should be done un der mon i -

tored con di tions.

Lo cal iza tion Pro ce dures. A CT or MRI of

the ad re nal gland and ab do men iden tify 95%

of pheochromocytomas. A high sig nal in ten -

sity on MRI is char ac ter is tic. De tect ing small

tu mors by these meth ods may be dif fi cult but

usu ally is not a prob lem be cause pheo chro -

mo cytomas are gen er ally > 3 cm in size.

When the CT or MRI is neg a tive and the di -

ag no sis is still strongly con sid ered, an 131I

metaiodobenzylguanidine (MIBG) radio -

nuclide scan may be done. It con cen trates in

85% of the tu mors and is help ful in de tect ing

small and extraabdominal pheochromo cyto -

mas. False pos i tive re sults may be seen in

neuroblastomas, medullary thy roid car ci no -

mas, carcinoids, and small cell car ci no mas of

the lung. Cal cium chan nel blockers, labe talol, 

tricyclic an ti de pres sants, sympatho mi me tics,

and tran quil iz ers can de crease the sen si tiv ity

of the test and thus should be dis con tin ued

a week be fore it is done. MIBG scan can de -

tect metastases in ma lig nant pheochromo -

cytomas.

Other meth ods that could be used for lo cal -

iza tion in clude CT or MRI of the chest, neck,

head, and pel vis, cystoscopy, and cen tral ve -

nous blood sam pling. Care should be taken to

avoid pre cip i tat ing an at tack when ever an in -

va sive pro ce dure is planned. Fluoro dop a -

mine pos i tron emis sion to mog ra phy (PET)

scan ning has been re cently sug gested to be

highly sen si tive for tumor localization.

Treat ment. The treat ment of pheochromo -

cytoma should be re sec tion of the tu mor.

 Except in rare emer gent sit u a tions such as

 uncontrollable ma lig nant hy per ten sion or a

hemor rhagic ne cro sis of a pheo chromo -

cytoma, pre op er a tive prep a ra tion with al pha

block ade is war ranted. Phenoxybenzamine,

start ing at a dose of 10 mg daily and grad u ally

in creas ing the dose to con trol the blood pres -

sure and symp toms, should be used pre op er a -

tively. An a1-blocker like prazosin may be

used in stead. Ex ces sive al pha block ade

should be avoided be cause it can lead to

orthostatic hypotension. Af ter ad e quate al pha 

block ade and if tachyarrhythmias are of con -

cern, then b-blockers start ing at small doses

could be used. Cardioselective b-blockers are 

pref er a ble. Al pha-methyl-para-ty ro sine re -

duces tu mor stores of cate chol amines and

should be used pre op er a tively. In creased salt

in take to gether with pharmaco logical mea -

sures should be ini ti ated two weeks be fore

sur gery.

An ab dom i nal ap proach is pref er a ble to en -

sure ad e quate vi su al iza tion, but if the tu mor

has been lo cal ized by CT or MRI then a flank

in ci sion or even a lap aro scopic ap proach may

be used. Intraoperative hy per ten sion is

treated by phentolamine or nitroprusside.

Tran sient hypoglycemia may oc cur post op er -

a tively, and it is caused by a rise in insulin

level.

Pa tients with ma lig nant tu mors are treated

by sur gi cal debulking. Re sid ual tis sue may be 

treated by con ven tional ra dio ther apy, che mo -

ther apy, metyrosine, and al pha and beta

block ade. The 5-year sur vival is 35 – 50%.

Radio fre quen cy ab la tion has been used re -

cently to treat metastatic disease.
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Hypertension in
Hypothyroidism and
Hyperthyroidism

Thyrotoxicosis is as so ci ated with an in -

crease of car diac out put and blood vol ume

and a de crease in sys temic vas cu lar re sis -

tance. A wid ened pulse pres sure and an in -

crease in sys tolic blood pres sure are thus ex -

pected, and treat ment to a euthyroid state usu -

ally leads to nor mal iza tion of these ab nor mal -

i ties. This di ag no sis should be sus pected in

young pa tients with sys tolic hy per ten sion,

those with a hyperdynamic state, and those

with other suggestive clinical features.

In hypothyroidism the hemodynamic pro -

file is the ex act op po site to that seen in

hyperthyroidism. Hy per ten sion is seen in as

many as 50% of pa tients, and nar row pulse

pres sure is char ac ter is tic. De pressed glo mer -

u lar fil tra tion rate (GFR), pre sum ably sec -

ond ary to de creased re nal per fu sion, is oc ca -

sion ally seen. Thy roid re place ment ther apy

im proves or cures the hypertension [19].

Hypertension in Primary
Hyperparathyroidism

The as so ci a tion be tween hyper para thy roid -

ism and pheochromocytoma was dis cussed

ear lier. Even in iso lated hyperparathyroid ism,

the prev a lence of hy per ten sion is dou ble that

seen in the gen eral pop u la tion. The na ture of

this as so ci a tion is not clear. Some of these pa -

tients may have co ex ist ing es sen tial hy per -

ten sion. In some ex per i men tal mod els,

hypercalcemia can cause vasoconstriction

and an in crease in car diac out put, but other

fac tors seem to play a role. El e vated PRA and

aldosterone lev els in hy per ten sive hyper -

parathyroid pa tients with a sig nif i cant de -

crease af ter parathyroidectomy have been re -

ported.

The di ag no sis is sus pected when hyper -

calcemia, spon ta ne ous or af ter the use of

thiazide di uret ics, is dis cov ered or dur ing the

workup of re nal stone dis ease. Stud ies on the

re sponse of the hy per ten sion to sur gi cal

parathyroidectomy have shown con flict ing

re sults, with some re port ing im prove ment

and oth ers no re sponse or even wors en ing.

The pres ence or lack of hy per ten sion should

not be used as a fac tor when de cid ing whether 

to do a parathyroidectomy.

Hypertension in
Acromegaly

Hy per ten sion in acromegaly is pres ent in

40% of cases. High lev els of growth hor mone

lead to so dium re ten tion, cardiomegaly, and

an in crease in car diac out put. Coarse fa cial

fea tures, large hands, car pal tun nel syn -

drome, cor o nary ar tery dis ease (CAD), and

in su lin re sis tance are some of the clin i cal fea -

tures. The di ag no sis is made by find ing high

lev els of growth hor mone dur ing a glu cose

tol er ance test or el e vated insulin-like growth

factor I (IGF-I).

Hypertension in
Neurological Disorders

Con sid er ing the es sen tial role the ner vous

sys tem plays in the con trol of blood pres sure,

it is rather sur pris ing that hy per ten sion in neu -

ro log i cal dis eases is not that com mon. Se vere
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Ta ble 4. Ex og e nous substance-in duced hypertension (Part 1).

In gre di ents Com mon Use/Abuse Notes

Ste roids
Glucocorticoids Re place ment ther apy and Dose-de pend ent, sus tained in crease

symp tom atic treat ment of mainly in sys tolic BP
var i ous dis eases

Mineralocorticoids
 Black lic o rice Candy, chew ing gum, li quor Dose-de pend ent, sus tained in crease in
 Carbenoxolone Ul cer med i ca tion BP mim ick ing pri mary hyperaldostero-
 9a-fluoroprednisolone Skin oint ments, antihemorrhoid nism char ac ter ized by hypokalemia

cream met a bolic alkalosis, and sup pressed
 9a-fluorocortisol Oph thal mic drops and na sal plasma renin ac tiv ity and aldosterone

sprays lev els
Ketoconazole Antimycotic

Es tro gen Con tra cep tion, re place ment Mild, sus tained BP el e va tion, more
ther apy, pros tatic can cer com mon in premenopausal women,

se vere hy per ten sion has been re ported

Pro ges ter one Con tra cep tion, re place ment
ther apy

An dro gens An a bo lic ef fect Mild, dose-de pend ent sus tained in-
crease in sys tolic BP

Danazol (abuse in ath letes) Endometriosis, he red i tary angioedema
(semisynthetic an dro gen)

An es thet ics and Nar cot ics

Co caine Lo cal an es thet ics; street drug Tran sient se vere in crease in BP, espe-
cially when used with propranolol

Ketamine hy dro chlo ride An es thetic agent Tran sient se vere in crease in BP
Fentanyl ci trate Nar cotic an al ge sic and

an es thetic agent
Sco pol amine Preanesthetic med i ca tion,

mo tion sick ness
Naloxone hy dro chlo ride Opioid over dose Tran sient BP eval u a tion
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Ta ble 4. Ex og e nous substance-in duced hypertension (Part 2).

In gre di ents Com mon Use/Abuse Notes

Drugs Af fect ing the Sym pa thetic Ner vous Sys tem

Phenylephrine hy dro- Up per re spi ra tory de con ges tant; Dose-de pend ent, sus tained in crease
chlo ride oph thal mic drops in BP

Dipivalyladrenaline Oph thal mic drops Se vere HT has been re ported; may pre-
hy dro chlo ride cipitate myo car dial events and there fore

should be used with cau tion in pa tients
with cor o nary dis ease

Epi neph rine Lo cal an es thetic, anaphylactic
(with b-blocker) re ac tion, bronchodilatation,

de con ges tant antihemorrhoidal
treat ment

Phenylpropanolamine Anorexic/de con ges tant

Pseudoephedrine De con ges tant
hy dro chlo ride

Tetrahydrozoline Oph thal mic vasoconstrictor
hy dro chlo ride drops; oph thal mic vaso-

con stric tor and na sal decon-
gestant drops

Oxymetazoline De con ges tant drops
hy dro chlo ride
Caf feine An al ge sia, vas cu lar head ache, Acute tran sient in creases in BP

bev er ages

Metoclopramide Antiemetic Tran sient in crease in BP in as so ci a tion
with can cer che mo ther apy

Alizapride Antiemetic

Prochlorperazine Antiemetic

Yohimbine hy dro chlo ride Im po tence Acute, dose-de pend ent in crease in BP
Glucagon Bowel spasm Only in pa tients with pheochromocytoma
Physostigmine Re verse anticholinergic

syn drome

Ritodrine hy dro chlo ride In hi bi tion of preterm labor Hy per ten sive cri sis has been re ported
MAOIs An ti de pres sive agents Mainly with sympathomimetic amines

and with cer tain foods con tain ing tyra-
mine

Tricyclic an ti de pres sants An ti de pres sive More com mon in pa tients with panic
dis or ders

Buspirone Anxio lyt ic Mild, dose-de pend ent in crease in BP

Fluoxetine An ti de pres sive In com bi na tion with selegiline

Thioridazine Psy chotic and de pres sive Mas sive over dose may cause se vere
hy dro chlo ride dis or der HT
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Ta ble 4. Ex og e nous substance-in duced hypertension (Part 3).

In gre di ents Com mon Use/Abuse Notes

Ions

So dium chlo ride Food and Drugs In salt-sen si tive sub jects
Lith ium Manic-de pres sive ill ness Acute in tox i ca tion can cause se vere HT

Cal cium Food and Drugs

Lead Industry

Cad mium In dus try

Mixed or Un known Mech a nism

Cyclosporine Immunosuppressive agent Dose-de pend ent mild-to-mod er ate in-
crease in BP; se vere HT has been re-
ported

Alkylating agents Neo plas tic dis or der

Re com bi nant hu man Ane mia or re nal fail ure Dose-re lated mild in crease in BP;
eryth ro poi e tin hy per ten sive cri sis with encephalopathy

has been re ported

Bromocriptine mesylate Sup pres sion of lac ta tion Se vere HT with stroke has been re-
and prolactinoma ported af ter use for sup pres sion of lac-

tation

Disulfiram Al co hol ism Slight in crease in BP; se vere HT may
oc cur in al co holic-in duced liver dis ease

Al co hol Var i ous Dose-de pend ent, sus tained in crease in
BP

Nic o tine Cig a rette smok ing Acute tran sient in crease in BP

Nonsteroidal An al ge sic; anti-in flam ma tory Mild, dose-de pend ent in crease in BP
anti-in flam ma tory drugs agent
in clud ing COX-2- 
spe cific in hib i tors

Long act ing somatostatin Gas tro in tes ti nal dis or ders  Se vere hy per ten sion in sub jects with
au to nomic dys func tion

Adapted from [5].



acute el e va tion of intracranial pres sure (ICP)

leads to hy per ten sion with bradycardia

(Cush ing re sponse) and con sti tutes a pre -

terminal event. Chronic el e va tion of ICP does 

not cause hy per ten sion except when it is very

severe.

Tu mors of the pos te rior fossa seem to be

more as so ci ated with hy per ten sion than

supratentorial neoplasms. This is prob a bly re -

lated to their prox im ity to some stretch-sen si -

tive re cep tor el e ments in the floor of the

fourth ven tri cle. Rarely, brain le sions lead to a 

par ox ys mal type of hy per ten sion mim ick ing

pheochromocytoma [20]. Neurogenic hy per -

ten sion can be as so ci ated with par ox ys mal

head ache and symp toms of ex ces sive au to -

nomic ac tiv ity such as tachy car dia, dia phore -

sis, anx i ety, tremor, nau sea, and vom it ing.

Flush ing of the skin is com mon and, not un -

ex pect edly, fo cal neu ro log i cal signs are usu -

ally pres ent. In 38% of the cases, cate chol -

amines and their me tab o lites are el e vated. Pa -

tients with fea tures char ac ter is tic of pheo -

chromocytoma who have neu ro log i cal symp -

toms or signs or who have a neg a tive workup

and pa tients with in creased uri nary ex cre tion

of cate chol amines or their me tab o lites but no

ev i dence of pheochromocytoma on fur ther

stud ies should have an im ag ing study of the

brain to rule out a brain tu mor. MRI is pref er a -

ble be cause of its su pe ri or ity in detecting

posterior fossa lesions. Similar presentation

has been reported after cerebral infarction.

Pa tients with tranverse le sions of the cer vi -

cal spi nal cord above the or i gins of the

thoracolumbar sym pa thetic neu rons lose cen -

tral con trol of their sym pa thetic out flow.

Stim u la tion of nerves be low the in jury, as

with blad der dis ten sion, can cause re flex

sym pa thetic ac tiv ity via the iso lated spi nal

cord, re sult ing in hy per ten sion, diaphoresis,

flush ing, and head ache, a syn drome called

au to nomic hyperreflexia.

Ex ces sive sym pa thetic ner vous ac tiv ity im -

me di ately fol low ing se vere head in jury can

lead to a hyperdynamic state with hy per ten -

sion. Treat ment with a short-act ing b-blocker

is pref er a ble to vaso di la tors, which may fur -

ther in crease ICP.

Hypertension in Sleep
Apnea Syndrome

It is es ti mated that sleep apnea af fects

2 – 4% of mid dle-aged adults and is more

prev a lent in men. Most com monly it is sec -

ond ary to up per air way ob struc tion by the

sur round ing struc tures dur ing sleep. Sys -

temic hy per ten sion is seen in 60 – 80% of

cases of sleep apnea syn drome. Snor ing,

sleep frag men ta tion, day time som no lence,

dysrhythmias, erythrocytosis, large neck size

and obe sity are other com mon man i fes ta -

tions. The re la tion be tween hy per ten sion and

sleep apnea is in de pend ent of obe sity. It is

thought that the re pet i tive hypoxemia and

hypercapnia that re sult from the ob struc tion

lead to in creased sym pa thetic ner vous sys tem 

tone and neuroendocrine dys func tion with

blood pres sure el e va tion and in creased risk

for car dio vas cu lar com pli ca tions. Sleep stud -

ies should be done in hy per ten sive pa tients

with a his tory of ha bit ual snor ing as so ci ated

with day time som no lence, ob served apnea, or 

some of the other fea tures dis cussed above.

Weight loss, avoid ance of CNS sup pres sant

(in clud ing some antihypertensives), pos i tive

pres sure breath ing, oral de vices, and var i ous

sur gi cal in ter ven tions are used to treat this

condition and usually result in improvement

or even cure of the hypertension [21].
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Stress and Hypertension

Stress, both phys i cal and emo tional, can

lead to acute el e va tion of blood pres sure that

nor mal izes with the re moval of the stress ing

sit u a tion. Er ro ne ous di ag no sis of chronic hy -

per ten sion and com mit ting the pa tient un nec -

es sar ily to life long antihypertensive ther apy

may re sult when the role of stress ors is

 ignored. These pa tients’ blood pres sure is

best treated by re mov ing the cause and usu -

ally does not re quire antihypertensive ther -

apy. Un for tu nately, the use of sublingual,

short-act ing nifedipine to treat the blood pres -

sure un der these cir cum stances re mains com -

mon de spite doc u mented cases of myo car dial

in farc tion and ischemic stroke re sult ing from

hypotension and sym pa thetic overactivation

caused by the rapid vasodilatation from this

agent. It has been sug gested that re peated ep i -

sodes of stress-in duced blood pres sure el e va -

tion result in sustained hypertension, but this

is yet to be proven.

Exogenous
Substance-induced
Hypertension

Many ex og e nous sub stances, in clud ing

pre scrip tion and over-the-coun ter med i ca -

tions, foods, and sub stances used for rec re -

ational pur poses, can raise the blood pres sure

or in ter fere with its treat ment (Ta ble 4) [2].

The COX-2-spe cific in hib i tors in gen eral

have the same re nal and hy per ten sive ef fects

seen with nonsteroidal anti-in flam ma tory

agents. These side ef fects are re ported to be

more se vere with rofecoxib than celecoxib.

Caf feine and nic o tine can tran siently el e -

vate the blood pres sure, and mea sure ments

should not be done within 30 min utes of their

use.

Drugs Affecting the
Sympathetic Nervous
System

Sev eral drugs can di rectly or in di rectly ac -

ti vate the sym pa thetic ner vous sys tem, lead -

ing to blood pres sure el e va tion. These re ac -

tions are more likely to oc cur with larger

doses of the drugs. The con com i tant use of

sympathomimetic agents and b-blockers can

lead to un op posed a-adrenergic stim u la tion

and some times a se vere hy per ten sive re ac -

tion.

Co caine blocks the reuptake of nor -

epinephrine at sym pa thetic nerve ter mi nals.

Its abuse may cause se vere hy per ten sion, re -

nal fail ure, and myo car dial ischemia. Dur ing

preg nancy it can lead to abruptio pla cen tae

and neo na tal hy per ten sion. It can also be con -

fused with preeclampsia, be cause hy per ten -

sion, head ache, blurred vi sion, and ab dom i -

nal pain are seen in both con di tions. The com -

bined use of co caine and epi neph rine paste in

intranasal sur gery has been re ported to cause

se vere hy per ten sion, myo car dial ischemia,

and arrhythmia, even in healthy subjects.

Alcohol

Al co hol con sump tion could be re spon si ble

for up to 11% of chronic hy per ten sion cases

seen in men in de vel oped so ci et ies and an

even higher pro por tion in some prim i tive so -
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ci et ies. Women have lower prev a lence of al -

co hol-in duced hy per ten sion be cause, on av -

er age, they drink less than men. The hy per -

ten sive  response to chronic al co hol in take is

seen once the con sump tion ex ceeds 1 – 2

drinks/day and is dose-re lated. Pop u la tion

stud ies sug gest that for each stan dard drink

per day, there is a 1 mmHg in crease in sys tolic 

blood pres sure. How ever, in di vid ual re -

sponses vary. Older age and obe sity in crease

the hy per ten sive ef fect. The pressor re sponse

to al co hol de vel ops within a few days of

intake and recedes within 1 – 4 weeks of

cessation.

The mech a nisms in volved in al co hol-in -

duced hy per ten sion are poorly un der stood. A

di rect vasoconstrictor ef fect and in creased re -

spon sive ness of the vas cu lar bed to pressors

seem to play a role. Mag ne sium de fi ciency,

com mon in al co hol ics, can lead to in creased

intracellular cal cium in vas cu lar smooth mus -

cle cells and sym pa thetic nerve ter mi nals. In

an an i mal model, mag ne sium supplementa -

tion pre vented the de vel op ment of al co -

hol-in duced hy per ten sion. Al co hol in creases

the se cre tion of corticotropin-re leas ing hor -

mone (CRH), which stim u lates ACTH pro -

duc tion and sym pa thetic ac tiv ity. Dexa meth -

a sone, which sup presses CRH re lease, has

been shown to blunt the hypertensive reaction 

caused by acute alcohol administration [21].

Acute al co hol with drawal and treat ment

with disulfiram cause hy per ten sive re ac tions,

but ab sti nence from al co hol and even dose re -

duc tion lead to grad ual im prove ment or nor -

mal iza tion of blood pressure.

Psychiatric Medications

Monoamine oxidase in hib i tors (MAOI) de -

lay the me tab o lism of sympathomimetic

amines and 5-hydroxytriptophan. They can

cause a se vere hy per ten sive re ac tion when

pa tients tak ing them con sume sub stances

con tain ing tyramine such as aged cheese and

red wine, sympathomimetics, or se ro to nin

reuptake in hib i tors. Spon ta ne ous hy per ten -

sive ep i sodes have been re ported. The re ac -

tion may mimic pheochromocytoma.

Rarely, tricyclic an ti de pres sants have been

re ported to cause hy per ten sion via an un clear

mech a nism. Methylphenidate (Ritalin), used

to treat chil dren with at ten tion def i cit dis or -

der, has been re ported to raise di a stolic blood

pres sure in some chil dren tak ing it.

Buspirone, an anxio lyt ic, can cause hy per ten -

sion thought to be the re sult of a2-an tag o nism 

caused by one of its me tab o lites.
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