
CHAPTER II

REVIEW OF LITERATURE
1. Hypertension

Hypertension is the most prevalent condition for which people receive 
prescription medications. Its occurrence in the United States increases with age, and 
it is more prevalent in African Americans and in the lesser educated and lower 
socioeconomic classes(20).

Blood pressure is a continuous variable, it is impossible to define a cutoff point 
below which the blood pressure is normal and above which the pressure is abnormally 
high. After screening, the diagnosis of hypertension is confirmed when the average of 
two or more diastolic blood pressure (DBP) measurements visits are 90 mmHg or 
higher or the average of two or more systolic blood pressure measurements (SBP) is 
consistently greater than 140 mmHg(21). Single, casual measurements of blood 
pressure may inaccurately classify individuals as having hypertension and cause 
unnecessary emotional, social and financial problems(20).

1.1 Prevalence of hypertension(21,23)
The Centers for Diseases Control and Prevention, National Center for 

Health Statistics, provided that an estimated 50 million Americans have high blood 
pressure (> 140/90 mmHg). Blood pressure increases with age, but the onset of 

hypertension most often occurs during the third, fourth, and fifth decades of life. The 
prevalence of hypertension increases with age, is greater among blacks than whites, 
and is greater in less educated people. Men and women of the same race are affected
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approximately equally. Data from the 1976 to 1980 and 1988 to 1991 of National 
Health and Nutrition Examination Survey (NHANES II & III) indicated that the 
prevalence of hypertension decreased from approximately 58 million to around 50 
million. The NHANES III reported that 35% of Americans with hypertension were 
unaware and only 53% of those with hypertension were receiving antihypertensive 
therapy, and only 24% of those with hypertension had their blood pressure controlled 
to less than 140/90 mmHg.

1.2 Etiology of hypertension(23)
Hypertension is a heterogeneous disorder that may result from either a 

specific cause (secondary hypertension) or some underlying pathophysiologic 
mechanism stemming from an unknown etiology (primary or essential hypertension). 
Fewer than 5% of people who suffer from high blood pressure have secondary 
hypertension. In most of these, chronic renal disease or renovascular disease is the 
cause of hypertension. Other conditions that are known to cause of hypertension 
include pheochromocytoma, Cushing’s syndrome, primary aldosteronism, and 
coarctation of the aorta. In some instances, exposure to various exogenous substances 
may produce hypertension. The most notable of these are estrogens, glucocorticoids, 
licorice, sympathomimetic amines, nonsteroidal anti-imflammatory agents, chronic 
alcohol use and tyramine-containing foods in combination with monoamine oxidase 
(MAO) inhibitors.

The pathogenesis of essential hypertension remains mysterious, a specific 
cause of sustained hypertension cannot be found. It is likely that several interrelated 
mechanisms rather than a single causative defect, control blood pressure in essential 
hypertension. The fact that hypertension often runs in families suggests that genetic 
factors may play an important pathogenic role in the development of essential
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hypertension. There is even some evidence that single genes might be responsible for 
specific subtypes of hypertension. These include genetic traits for high sodium- 
lithium countertransport, a low urinary kalikrein excretion, increased aldosterone and 
other adrenal steroids, and high angiotensinogen levels. However, even with 
continued insights into the regulation of blood pressure, essential hypertension 
remains a process that must be controlled rather than a curable disorder.

1.3 Pathophysiology(23)
Multiple factors may contribute to the development of primary 

hypertension including abnormal neural mechanisms; defects in peripheral 
autoregulation; disturbances in sodium, calcium, and natriuretic hormone; and 
malfunctions in either humoral or vasodepressor mechanisms.

1.3.1 The neural mechanism(2I'23)
Both the central (CNS) and the autonomic nervous systems are 

intricately involved in the maintenance of arterial blood pressure. Stimulation of 
certain areas within the CNS (nucleus tractus solitarius, vagal nuclei, vasomotor 
center, and the area postrema) can result in either an increase or a decrease in blood 
pressure. For example, a -  adrenergic stimulation within the CNS decreases blood 
pressure through an inhibitory effect on the vasomotor center. Increased angiotensin; 
on the other hand, increases sympathetic outflow from the vasomotor center, which 
eventuates in an increase in blood pressure. Located on the presynaptic surface of 
sympathetic terminals are a variety of receptors that either enhance or inhibit 
norepinephrine release. The a and p presynaptic receptors play a role in negative and 
positive feedback to the norepinephrine-containing vesicles located near the neuronal 
ending. Stimulation of presynaptic a (012) receptors exerts a negative inhibition on 
norepinephrine release. Stimulation of presynaptic p receptors facilitates further
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re le a se  o f  n o re p in ep h r in e . S tim u la tio n  o f  p o s tsy n a p tic  a  ( a i )  rec ep to rs  on  arterio les  

and v e n u le s  re su lts  in  v a so c o n str ic t io n . T h ere  are tw o  ty p e s  o f  p o stsy n a p tic  p 

recep to rs, Pi and P2 . S t im u la tio n  o f  Pi rec ep to rs  in  th e  h eart r e su lts  in  an in cre a se  in  

heart rate and co n tra ctility . W h e n  P2 r e c e p to r s  in  th e  ar ter io les  and v e n u le s  are 

stim u la ted , v a so d ila t io n  o ccu rs . T h e  m ajor n e g a t iv e - fe e d b a c k  m e c h a n ism  co n tro llin g  

sy m p a th e tic  a c tiv ity  is  th e  s y s te m  o f  b a ro re cep to r  r e f le x e s . T h e  b arorecep tors  

resp on d  e x tr e m e ly  ra p id ly  to  c h a n g e s  in  arterial p ressu re . In th is  r e f le x  sy stem , an  

a cu te  e le v a t io n  in  arteria l p ressu re  in c r e a se s  th e  rate o f  b a ro re cep to r  d isch arge , w h ic h  

resu lts  in  v a so d ila t io n  th ro u g h o u t th e  p erip h era l c ircu la to ry  s y s te m  and a d e c r e a se  in  

heart rate and m y o ca rd ia l co n tra ctility . C o n v e r se ly , lo w  p ressu re  h as th e  o p p o site  

e ffe c t , c a u s in g  r e f le x  v a so c o n s tr ic t io n  and in c r e a se  in  heart rate and fo rce  o f  

co n tra ction . T h e se  b a ro re cep to r  r e f le x  m e c h a n ism s  m a y  b e  b lu n ted  in  e ld er ly  

in d iv id u a ls .

A b n o r m a lit ie s  in  e ith er  th e  ren a l or  t is su e  a u to re g u la to ry  p r o c e sse s  

co u ld  c a u se  h y p er ten s io n . In fa ct, it s e e m s  r e a so n a b le  to  p o stu la te  that in d iv id u a ls  

m ay first d e v e lo p  a renal d e fe c t  for  so d iu m  e x c r e tio n  and th en  rese t th eir  t is su e  

a u to regu la to ry  p r o c e s se s  to  a h ig h e r  arterial b lo o d  p ressu re. A n  in itia l d e fe c t  in th e  

renal a d a p tiv e  m e c h a n ism  co u ld  lead  to  p la sm a  v o lu m e  e x p a n s io n  and in cre a se  b lo o d  

f lo w  to  perip heral t is su e s  e v e n  w h e n  b lo o d  p ressu re  is  n orm al. T o  o ffs e t  th e  in crease  

in b lo o d  f lo w , lo c a l t is su e  a u to re g u la to ry  p r o c e s se s  w o u ld  in d u c e  arteriolar  

co n str ic t io n  to  ra ise  th e  perip h era l v a sc u la r  res is ta n c e . In t im e , a th ic k e n in g  o f  th e  

arterio lar w a lls  m a y  o ccu r , resu ltin g  in  a su sta in e d  e le v a t io n  in  perip h era l v a sc u la r  

res is ta n ce . A n  in c r e a se  in to ta l perip h era l v a sc u la r  r e s is ta n c e  is  a c o m m o n  u n d e r ly in g  

p rob lem  in  p a tie n ts  w ith  p r im ary h y p er ten sio n .
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1.3.2 The humoral mechanisms(21'23)
A t lea st th ree  p o s s ib le  h u m o ra l a b n o r m a litie s  m a y  b e  r e sp o n s ib le  for  

c a u s in g  p rim ary  h y p e r te n s io n  in  s o m e  in d iv id u a ls .

1 .3 .2 .1  The ren in-angiotensm -aldosterone system  (RAS)

T h e R A S  is  im p o rta n t to  th e  r eg u la tio n  o f  so d iu m , p o ta ss iu m , 

and flu id  b a la n ce , and it s ig n if ic a n tly  in f lu e n c e s  v a sc u la r  to n e  and sy m p a th e tic  

n e rv o u s  sy s te m  a ctiv ity .

In th e  k id n ey , ren in  is  s y n th e s iz e d  and stored  in  th e  

ju x ta g lo m e r u la r  c e l ls , w h ic h  are lo c a te  p r im arily  in  th e  m e d ia  o f  th e  renal a fferen t  

arterio les. S e v e ra l fa c to rs  are k n o w n  to  co n tro l ren in  r e lea se . T h e se  ca n  b e  gro u p ed  

in to  intrarenal fa c to r s  (su c h  as p e r fu s io n  p ressu re , c a te c h o la m in e s , a n g io te n s in  II) and  

extraren a l fa c to r s  (su c h  as so d iu m , c h lo r id e , and p o ta ss iu m ). D e c r e a se d  p e r fu sio n  

p ressu re  le a d s  to  an in cre a se  in  ren in  secre tio n . T h e  f lu x  o f  so d iu m  and  c h lo r id e  

a cro ss  th e  c e l ls  in f lu e n c e s  ren in  r e le a se . A  d e c r e a se  in  th e  a m o u n t o f  so d iu m  and  

c h lo r id e  d e liv e r e d  in  th e  d ista l tu b u le  s t im u la te s  ren in  r e lea se .

A n g io te n s in  II h as b e e n  s h o w n  to  d irec tly  in h ib it  th e  r e le a se  

o f  ren in  th ro u g h  n e g a tiv e  feed b a ck . C a te c h o la m in e s  in c r e a se  ren in  r e le a se  p rob ab ly  

b y  d irec tly  s tim u la tin g  th e ju x ta g lo m e r u la r  c e l l s  th ro u g h  an a c tio n  in v o lv in g  th e  

fo rm a tio n  o f  c y c l ic  A M P . B o th  p o ta ss iu m  and c a lc iu m  m a y  a lso  p la y  a d irec t ro le  in  

ren in  r e le a se . D e c r e a se d  seru m  p o ta ss iu m  or in tra ce llu la r  c a lc iu m  st im u la te s  ren in  

re le a se  b y  th e  ju x ta g lo m eru la r  c e lls .

In b lo o d , ren in  c a ta ly z e s  th e  c o n v e r s io n  o f  a n g io te n s in o g e n  to  

a n g io te n s in  I, w h ic h  is  th en  c o n v e r te d  to  a n g io te n s in  II b y  a n g io te n s in -c o n v e r t in g  

e n z y m e  (A C E ). A n g io te n s in  II ex er ts  its  b io lo g ic a l  e f fe c t s  in  v a r io u s  t is su e s  

fo l lo w in g  b in d in g  to  sp e c if ic  r ec ep to rs  c la s s if ie d  as A T I  or  A T 2  su b ty p es . T h e  A T I
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rec ep to r  is  lo c a te d  in  brain , renal m y o c a r d ia l, v a sc u la r , and adrenal t is su e . T h e A T 2  

recep to r  is  lo c a te d  in  adrenal m ed u lla ry  t is su e , and brain . A T I  rec ep to rs  m ed ia te  th e  

m ajority  o f  r e sp o n se s  cr itica l to  c a rd io v a scu la r  and  ren al fu n c tio n . A n  in crease  in  

c ircu la tin g  a n g io te n s in  II can  c a u se  an e le v a t io n  in  b lo o d  p ressu re  th rou gh  b o th  

p resso r  and v o lu m e  e f fe c ts . T h e  p r esso r  e f fe c ts  o f  a n g io te n s in  II in c lu d e  direct  

v a so c o n str ic t io n , s tim u la t io n  o f  c a te c h o la m in e  r e le a s e  fro m  th e  adrenal m ed u lla , and  

a cen tra lly  m e d ia te d  in c r e a se  in  sy m p a th e tic  n e r v o u s  s y s te m  a c tiv ity . A n g io te n s in  II 

a lso  s tim u la tes  th e  r e le a se  o f  a ld o s te r o n e  fro m  th e  adrenal g la n d , w h ic h  lea d s to  

rete n tio n  o f  b o th  so d iu m  and flu id , w ith  a  resu ltan t in c r e a se  in  p la sm a  v o lu m e  and  

b lo o d  p ressu re  (F ig u re  1). C lea rly , an y  d istu rb a n ce  in  th e  R A S  that lea d s  to  an  

in c r e a se  in  a n y  or  all th ree  c o m p o n e n ts  co u ld  p r o d u c e  h y p er ten sio n .

B o th  th e  heart and b rain  co n ta in  a lo c a l  R A S . In th e  heart, 

a n g io te n s in  II is a lso  g en e ra ted  b y  a s e c o n d  e n z y m e , a n g io te n s in  I c o n v e r ta se  (h u m an  

c h y m a se ) , w h ic h  is  n o t  b lo c k e d  b y  A C E  in h ib it io n . A c t iv a t io n  o f  th e  m yocard ia l 

R A S  le a d s  to  in cre a sed  ca rd ia c  co n tr a c tility  and stim u la t io n  o f  card iac  h yp ertrop h y . 

T h e brain  R A S  h as at lea st tw o  fu n c tio n s . A n g io te n s in  II m o d u la te s  th e  p rod u ction  

and r e le a se  o f  h y p o th a la m ic  and p itu itary  h o rm o n es . A n g io te n s in  II a lso  en h a n ces  

sy m p a th e tic  o u tf lo w  fro m  th e  m e d u lla  o b lo n g a ta .

L o c a l g e n e r a tio n  o f  b io lo g ic a l ly  a c t iv e  a n g io te n s in  p e p tid e s  in  

perip h era l t is su e s  m a y  p la y  an im p o rta n t ro le  in  th e  in c r e a se d  v a sc u la r  res is ta n ce  

o fte n  o b se r v e d  in  h y p e r te n s iv e  in d iv id u a ls . T h ere  is  a lso  s o m e  e v id e n c e  that 

a n g io te n s in  p ro d u c ed  b y  lo c a l t is su e  m a y  in terac t w ith  o th er  h u m ora l reg u la to rs  and  

e n d o th e liu m -d e r iv e d  g r o w th  fa c to r s  to  s tim u la te  v a sc u la r  sm o o th  m u sc le  g ro w th  and  

m e ta b o lism . T h is  in situ  g en e ra tio n  o f  a n g io te n s in  p e p tid e s  m a y , in  fa ct, u n d er lie  th e  

d e v e lo p m e n t o f  in cre a sed  v a sc u la r  r e s is ta n c e  in  fo r m s o f  h y p e r te n s io n  that are
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a sso c ia te d  w ith  lo w  p la sm a  ren in  a c tiv ity . C o m p o n e n ts  o f  t is su e  R A S  m ay  b e  

r e sp o n s ib le  fo r  lo n g -term  ad a p ta tio n  to  h y p e r te n s io n  ( i .e . ,  le ft  ven tr icu lar  

h yp ertrop h y , sm o o th  m u sc le  h y p ertro p h y  o f  b lo o d  v e s s e ls ,  and g lo m eru la r  

h yp ertrop h y).
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1 .3 .2 .2  N atriuretic horm one

A n o th er  h u m ora l fa c to r  th a t m a y  b e  in v o lv e d  in  th e  

d e v e lo p m e n t o f  prim ary h y p e r te n s io n  is  th e  in cre a sed  co n c e n tr a t io n  o f  natriu retic  

h o rm o n e. T h e  p r o p o sed  ro le  o f  n atr iu retic  h o r m o n e  is  to  in h ib it N a +/K +-A T P a se  and, 

th u s, to  in ter fere  w ith  so d iu m  tran sp ort a c r o ss  c e ll m em b ra n es . It h as b e e n  s u g g e s te d  

that and in h erited  d e fe c t  in th e  k id n e y ’s a b ility  to  e lim in a te  so d iu m  w o u ld  c a u se  an  

in c r e a se  in  ex tra ce llu la r  flu id  and p la sm a  v o lu m e  a s d is c u ss e d  earlier. T h is  m ay  

ca u se  a co m p e n sa to r y  in cre a se  in  th e  c o n c e n tr a t io n  o f  c ircu la tin g  n atr iu retic  h o rm o n e, 

w h ic h  w o u ld  in c r e a se  urinary e x c r e t io n  o f  so d iu m  and w a ter . T h is  sa m e  h o rm o n e , 

h o w e v e r , is a lso  th o u g h t to  b lo c k  th e  a c tiv e  tran sp ort o f  so d iu m  o u t  o f  arterio lar  

sm o o th  m u sc le  c e l ls . T h e in cre a sed  in tra ce llu la r  c o n c e n tr a t io n  o f  so d iu m  w o u ld  

u lt im a te ly  lea d  to  in creased  v a sc u la r  to n e  and h y p erten sio n .

1 .3 .2 .3  Insulin  resistance andhyp erin su lin em ia

E v id e n c e  l in k in g  in su lin  r e s is ta n c e  and h y p e r in su lin e m ia  to  

th e  d e v e lo p m e n t o f  h y p e r te n s io n  is  m o u n tin g . S evera l p o s s ib ili t ie s  b y  w h ic h  

h y p e r in su lin e m ia  m a y  lead  to  h y p e r te n s io n  in c lu d e  ren al so d iu m  reten tio n , en h a n ced  

sy m p a th e tic  n e r v o u s  sy s te m  a c tiv ity , and in d u c tio n  o f  v a sc u la r  sm o o th  m u sc le  

h yp ertrop h y . A n o th e r  p o ss ib le  w a y  b y  w h ic h  in su lin  co u ld  ra ise  b lo o d  p ressu re  is  b y  

in c r e a s in g  in tra ce llu la r  c a lc iu m  co n c en tr a tio n , w h ic h  le a d s  to  in cre a sed  v a sc u la r  

res is ta n ce . H y p e r in su lin e m ia  o fte n  a c c o m p a n ie s  u p p er  b o d y  o b e s ity , bu t e v e n  

n o n o b e s e  h y p e r te n s iv e  in d iv id u a ls  h a v e  b e e n  s h o w n  to  b e  in su lin  res is ta n t, g lu c o s e  

in to lera n t, and h y p er in su lin ém ie . T h e  m e c h a n ism  b y  w h ic h  in su lin  r e s is ta n c e  and  

h y p e r in su lin e m ia  o c c u r  in h y p e r te n s io n  is  u n k n o w n . H y p e r in su lin e m ia  is  a lso  

a sso c ia te d  w ith  h y p er tr ig ly c er id em ia , w h ic h  resu lts  in  a d e crea sed  c o n c e n tr a tio n  o f

H D L  c h o le s te r o l.
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1.3.3 The vascular mechanisms
T h e  a b n o rm a litie s  in  th e  stru ctu re and fu n c tio n  o f  th e  v a sc u la tu re  are 

in c r e a s in g ly  r e c o g n iz e d  as co n tr ib u tin g  to  th e  h y p e r te n s iv e  sta te  b y  in cre a s in g  tota l 

p erip heral re s is ta n c e . D u r in g  th e  p a st d e c a d e , it has b e c o m e  o b v io u s  th at th e  

e n d o th e liu m , s in g le  , c e ll , in n erm o st la y er  o f  b lo o d  v e s s e ls ,  is  m o re  th an  a p a ss iv e  

barrier b e tw e e n  th e  b lo o d  and th e  v a sc u la r  sm o o th  m u sc le . W e  n o w  k n o w  that 

e n d o th e liu m  p la y s  a cru cia l r o le  in c ircu la to ry  h o m e o s ta s is  r e sp o n d in g  n o t o n ly  to  

h u m ora l and  c h e m ic a l s ig n a ls , bu t a lso  to  c h a n g e  in  th e  h a e m o d y n a m ic s  o f  b lo o d  

f lo w  su ch  sh ear stress. E n d o th e lia l c e l l s  r e le a se  c h e m ic a l m e d ia to rs  th at m o d u la te  th e  

re sp o n se s  o f  n u m ero u s  c e l ls  in c lu d in g  v a sc u la r  sm o o th  m u sc le , p la te le ts , and  

le u c o c y te s . T h e  e n d o th e liu m  se r v e s  a du al r o le  in  th e  co n tro l o f  v a sc u la r  ton e , 

e n d o th e lia l c e l ls  p r o d u c e  and r e le a se  a v a r ie ty  o f  v a s o a c t iv e  su b sta n ces . T h ese  

in c lu d e  b o th  v a so d ila to r s , su ch  as e n d o th e liu m -d e r iv e d  r e la x in g  fa c to r  (E D R F ) w h ic e  

has n o w  b e e n  id e n tif ie d  as n itr ic  o x id e  (N O ), e n d o th e liu m -d e r iv e d  h y p erp o la r iz in g  

fa c to r  (E D H F ), and p r o sta cy c lin , an v a so c o n str ic to r s , su ch  as th ro m b o x a n e  A 2 and  

p rosta g lan d in  H 2 , e n d o th e lin , and a n g io te n s in  II. T h e  in ter a c tio n  b e tw e e n  th e se  

v a so d ila to r s  and v a so c o n str ic to r s  p r o v id e s  a lo c a l c o n tro l m e c h a n ism  th at reg u la tes  

v a sc u la r  to n e . A ltera tio n s  in th e  p r o d u c tio n  o f  th e se  m e d ia to r s  are in v o lv e d  in  th e  

in d u ctio n  and p e r s is te n c e  o f  h y p e r te n s io n  in  b o th  ex p e r im e n ta l m o d e ls  and h u m an s, 

in a d d itio n  th is  e n d o th e lia l c e ll  d y s fu n c t io n  h as b e e n  rep o rted  in  v a r io u s  form s. 

P la sm a  le v e ls  o f  e n d o th e lin , fo r  e x a m p le , h a v e  b e e n  rep orted  to  b e  s ig n if ic a n tly  

h ig h er  in  p a tien ts  w ith  prim ary h y p er ten s io n . In a d d itio n , b o th  c h e m ic a l-s t im u la te d  

and b a sa l r e le a se  o f  E D R F  has b e e n  sh o w n  to  b e  s e v e r e ly  a tten u a ted  in  h y p e r te n s iv e  

p a tien ts  as w e l l  as in  ex p e r im e n ta l m o d e ls  o f  h y p er ten s io n . A n o th er  ab n o rm a lity  in  

th e  b io lo g y  o f  v a sc u la r  sm o o th  m u sc le  c e l ls  th at m ay  a c c o u n t  fo r  in cre a sed  v a so to n e
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o f  h y p e r te n s iv e s , is  a d istu rb a n ce  in  th e  p h y s ic o -c h e m ic a l  p r o p erties  o f  th e  c e ll  

m em b ra n e  le a d in g  to  a b n o rm a litie s  in  io n  h a n d lin g . R ep o r ted  a b n o rm a litie s  o f  

ce llu la r  e le c tr o ly te  h o m e o s ta s is , fo r  e x a m p le , in cre a sed  so d u im  in f lu x  d u e  to  e le v io n  

o f  so d iu m -h y d r o g e n  e x c h a n g e  a c tiv ity , d e crea sed  so d iu m -p o ta ss iu m  cotran sp ort, 

in cre a sed  lith iu m -so d iu m  con tertra n sp o rt and d e c r e a se d  red  c e ll  m em b ra n e  b in d in g  o f  

ca lc iu m .

In p ara lle l w ith  s tu d ie s  o n  th e  fu n c tio n  o f  v a sc u la r  s m o o th  m u sc le  in  

th e  h y p e r te n s iv e  sta te , co n s id e r a b le  a tten tio n  has b e e n  g iv e n  to  th e  im p o rta n ce  o f  

stru ctu re al c h a n g es . T h e  c h a n g e  in th e  g e o m e tr y  o f  th e  v e s s e l  w a ll  th at resu lt in  an  

in cre a sed  v a so c o n str ic to r  re sp o n se  w ith  th e  sa m e  d e g r e e  o f  sh o r te n in g  o f  v a sc u la r  

sm o o th  m u sc le  in  h y p e r te n s iv e  p a tien ts  is  a d e c r e a se  in  th e  lu m e n  (in tern a l rad iu s o f  

th e  v e s s e l) .  In s tu d ie s  o f  sm a ll r e s is ta n c e  v e s s e ls  fro m  su b c u ta n e o u s  t is su e  from  

h y p e r te n s iv e  su b jec ts , an a v era g e  2 9 %  in cre a se  in  th e  m e d ia  th ick n e ss : lu m en  

d ia m eter  ratio  w a s  fo u n d , c lo s e ly  m a tc h in g  th e  32%  e le v a t io n  in  b lo o d  p ressu re. T h e  

in c r e a se  in  th e  m ed ia  th ick n e ss: lu m e n  d ia m eter  ratio  can  resu lt  fro m  an in cre a se  in  

w a ll th ic k n e ss  eith er  d u e  to  m ed ia l sm o o th  m u sc le  c e l l  p r o lifera tio n , a c c u m u la tio n  o f  

g ly c o a m in o g ly c a n s , or from  th e  in c r e a s in g  e v id e n t su p p o rt to  th e  ro le  o f  

rearran gem en t o f  a n orm al a m o u n t o f  t is su e  around o f  t is su e  arou n d  a sm a ll lu m en , a 

p r o c e ss  k n o w  as rem o d e llin g .
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1.4 Clinical presentation(26).
P a tie n ts  w ith  u n c o m p lic a te d , prim ary h y p e r te n s io n  are u su a lly  

a sy m p to m a tic  in itia lly . W h ile  a c o m p le te  h is to ry  and p h y s ic a l e x a m in a tio n  m a y  h elp  

id en tify  c o n c e r n s  th at w arrant fu rther e v a lu a tio n , a f e w  b a s ic  te s ts  sh ou ld  b e  

p erform ed  in  a ll h y p e r te n s ie  p a tien ts  prior to  in it ia lin g  d rug th erap y . T h e se  in c lu d e  

h e m o g lo b in  and h em a to c r it , u r in a ly s is , seru m  p o ta ss iu m  and cre a tin in e , l iv er  fu n ctio n  

test, and e lec tro ca rd io g ra m . T o ta l and h ig h -d e n s ity - lip o p r o tie n d  c h o le s te r o l, p la sm a  

g lu c o s e , and seru m  u r ic  acid  are in d ica te d  to  a s se s s  o th er  risk  fa c to r s  and to  d e v e lo p  

b a se lin e  d ata  fo r  m o n ito r in g  d rug I-in d u ced  m e ta b o lic  c h a n g e s . A s  th e  h y p erten sio n  

p r o c e sse s , h o w e v e r , sy m p to m s  ch a r a c ter is tic  o f  ca rd io v a scu la r , cereb ro v a scu la r , or  

renal d is e a s e  m a y  o c c u r  as th e  p a tien ts  d e v e lo p s  target o rg a n  d a m a g e . P a tien ts  w ith  

seco n d a ry  h y p e r te n s io n  u su a lly  c o m p la in  o f  sy m p to m s  s u g g e s t iv e  o f  th e  u n d e r ly in g  

disord er. M o r e  th an  h a lf  o f  th e  p a tien ts  w ith  th is  fo rm  o f  se c o n d a r y  h y p er ten s io n  

su ffer  e p is o d e s  o f  o r th osta tic  d iz z in e s s  o r  sy n c o p e . In prim ary  a ld o stero n ism ,  

h y p o k a le m ic  sy m p to m s  u su a lly  m a n ife s t  in c lu d in g  m u sc le  cra m p s and m u sc le  

w e a k n e ss . P a tie n ts  w h o  p resen t w ith  h y p e r te n s io n  seco n d a ry  to  C u sh in g ’s sy n d ro m e  

m ay c o m p la in  o f  w e ig h t  ga in , p o ly u ria , e d em a , m en stru a l irreg u la to r ies , recurrent 

acn e, or m u scu la r  w e a k n e ss . T h e  m o st  c o m m o n  c a u se s  o f  se c o n d a r y  h y p e r te n s io n  are 

su m m a rized  in  T a b le  1.

F req u en tly , th e  o n ly  s ig n  o f  p r im ary h y p e r te n s io n  is  an e le v a te d  b lo o d  

p ressu re. T h e  rest o f  th e  p h y s ic a l e x a m in a tio n  m a y  b e  c o m p le te ly  n orm al. A g a in , as  

th e  h y p e r te n s io n  p r o g r e sse s , s ig n s  o f  e n d -o r g a n  d a m a g e  b e g in  to  appear. T h e se  are 

c h ie f ly  re la ted  to  p a th o lo g ic  c h a n g e s  in  th e  e y e , brain , heart, k id n ey s , and p erip heral

b lo o d  v e s s e ls .
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Systolic and diastolic hypertension

Table 1 : Causes of secondary hypertension(27).

Renal Drugs and chemicals
Renal parenchymal disease Cyclosporine

Chronic nephritis Oral contraceptives
Polycystic disease Glucocorticoids
Collagen vascular disease Mineralocortiooid, including licorice
Diabetic nephropathy and carbenoxolone
Hydronephrosis Sympathomimetics
Acute glomerulonephritis Tyramine and MAO inhibitors

Renal vascular disease Isolated systolic hypertension
Renal transplantation Aging, with associated aortic rigidity
Renin-secreting tumors Increased cardiac output

Endocrine Thyrotoxicosis
Adrenal Anemia

Primary aldosteronism Aortic valvular insufficiency
Overproduction of 11-deoxycorticosterone (DOC), Decreased peripheral vascular resistance

18-OH-DOC, and other mineralocorticoids Arteriovenous shunts
Congenital adrenal hyperplasia Paget’s disease of bone
Cushing’s syndrome 
Pheochromocytoma 

Extra-adrenal chromaffin tumors 
Hyperparathyroidism 
Acromegaly

Pregnancy-induced hypertension 
Coarctation of the aorta 
Neurologic disorders 

Dysautonoraia
Increased intracranial pressure 
Quadriplegia 
Lead poisoning 
Guillain-Barre syndrome

Beriberi

Postoperative
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T h e  en d  o f  th e  natural h is to ry  o f  u n trea ted  h y p e r te n s io n  is  an  in creased  

l ik e lih o o d  o f  p rem atu re  d isa b ility  or d eath  from  ca rd io v a sc u la r  d ise a se . T h e  r isk s o f  

e le v a te d  b lo o d  p ressu re  h a v e  b e e n  d e term in ed  from  la r g e -sc a le  e p id e m o lo g ic  su rveys. 

M a c M a h o n  et al. p erform ed  a m e ta -a n a ly s is  o f  all a v a ila b le  m ajor p r o sp ec tiv e  

o b serv a tio n a l s tu d ie s  re la tin g  d ia s to lic  b lo o d  p ressu re  (D B P )  le v e l to  th e  in c id e n c e  o f  

strok e  and co ro n a ry  heart d ise a se  (C H D ). In th e  n in e  s tu d ie s  a n a ly zed , a lm o st

4 2 0 ,0 0 0  p e o p le  w e r e  fo l lo w e d  u p  for  6  to  2 5  years. A  to ta l o f  5 9 9  fata l s tro k e s  and 

4 ,2 6 0  d eath s fro m  C H D  w e r e  record ed . T h e  o v era ll r e su lts  d e m o n stra ted  “direct, 

c o n tin u o u s  and a p p aren tly  in d ep en d e n t a s so c ia t io n s ” w ith  “n o  a s so c ia te d  w ith  lo w e r  

risk s o f  stro k e  and C H D ” . M a c M a h o n  et al a lso  estim a ted  th at a D B P  that is 

p e rsis ten tly  h ig h e r  b y  5 .0  m m H g  is a s so c ia te d  w ith  at lea st a 3 4  % in c r e a se  in  stro k e  

risk  and at lea st a 21  % in C H D  risk. T a b le  2  p r o v id e  a m o re  d e ta iled  lo o k  at th e  

c a u se s  o f  d eath  in h y p er ten s iv es .

In g en e ra l, th e  c o m p lic a t io n  o f  h y p e r te n s io n  ca n  b e  co n s id e r e d  e ith er  

“h y p e r te n s iv e ” or  “a th e r o sc le r o tic ” (T a b le  3 ). T h o se  lis te d  as h y p e r te n s iv e  are ca u sed  

m ore d irec tly  by  th e  in creased  le v e l o f  th e  B P  per se , w h e r e a s  th e  a th e ro sc ler o tic  

c o m p lic a t io n s  h a v e  m u ltip le  c a u se s , h y p e r te n s io n  p la y in g  a v a r ia b le  ro le . T h e  

c o m p lic a t io n  o f  h y p er ten s io n  or target organ  d a m a g e  se c o n d a r y  to  ch ro n ic  

h y p e r te n s io n  p r in c ip a lly  in v o lv e s  th e  heart, th e  brain, th e  k id n e y  and th e  eye .

H y p e r te n s iv e  heart d isea se : th e  p r in cip a l card iac  c o m p lic a t io n s  o f  h y p erten sio n  

are le ft ven tr icu la r  h yp ertrop h y , co ro n a ry  heart d ise a se , and c o n g e s t iv e  heart fa ilu re. 

T h e se  c o m p lic a t io n  m a y  lead  to  card iac  arrh yth m ias, a n g in a , m y o ca rd ia l in fa rctio n , 

and su d d en  death . C oron ary  heart d ise a se  is  th e  c o m m o n  c a u se  o f  d ea t in h y p e r te n s iv e  

p atien ts.

1.5 Complication of hypertension
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C ereb ro v a scu la r  d ise a se  : th e  ty p e s  o f  c er eb ro v a scu la r  le s io n s  m o st  

c o m m o n ly  s e e n  in  h y p e r te n s iv e  in d iv id u a ls  in c lu d e  lacu n ar in fa rcts  c a u sed  b y  

th r o m b o lic  o c c lu s io n  o f  sm a ll v e s s e ls ,  in tracerebral h e m o r rh a g e  resu ltin g  from  

ruptured  m icro a n eru ry sm s, and tra n sien t a ttack s se c o n d a r y  to  a th e ro sc ler o tic  d is e a se s  

in  th e  carotid  arteries.

R en a l d isea se : R e n a l d y s fu n c tio n , b o th  structural and fu n ctio n a l, is  a lm o st  

a lw a y s  d e m o n str a b le  in  h y p e r te n s iv e  p a tien ts , e v e n  th o s e  w ith  m in im a lly  e le v a te d  

p ressu res, h o w e v e r  ren al in v o lv e m e n t  u su a lly  is  a sy m p to m a tic  and n o t d em on stra b le  

b y  u su a l c lin ic a l te s tin g . T h e  lo s s  o f  ren al fu n c tio n  g r o w s  p r o g r e ss iv e ly  a s  th e  b lo o d  

p ressu res, h o w e v e r  ren al in v o lv e m e n t  u su a lly  is  a s y m p to m a tic  and n o t d em on stra b le  

b y  u su a l c lin ic a l te s tin g . T h e lo s s  o f  ren al fu n c tio n  g r o w s  p r o g r e ss iv e ly  a s  th e  b lo o d  

p ressu re  in c r e a se s  and  th e  e le v a t io n  c o n tin u e s , bu t o n ly  a m in o r ity  o f  h y p e r te n s iv e s  

d ie  as a resu lt o f  renal fa ilu re . N e v e r th e le s s , h y p e r te n s io n  rem a in s  a le a d in g  r isk  fo r  

e n d -s ta g e  renal d is e a s e  (E S R D ), and is p artly  r e sp o n s ib le  fo r  th e  m u c h  h igh er  

in c id e n c e  o f  E S R D  in b la ck s  th an  in  w h ite s  in  th e  U n ite d  S ta tes.

T h e  d a m a g e  h y p e r te n s io n  d o s e  to  th e  e y e  is  ch arac ter ized  b y  a v a r ie ty  o f  

retin op a th ies . N o n s p e c if ic  c h a n g e s  in c lu d e  an in cre a sed  lig h t  re flex , in creased  

to r tu sity  o f  v e s s e ls ,  and a r ter io v en o u s  n ick in g . T h e se  are all a s so c ia te d  w ith  th e  

a c ce lera ted  a r te r io sc le r o s is  that a c c o m p a n ie s  h y p er ten sio n .
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Table 2 ะ Causes of death in primary hypertension(22)

Percentage o l Deaths

Year
No of 

Deaths
Heart

Disease- Stroke
Renal
Failure

Nonvascular
Causes

Untreated
Janeway, 1913 1903-1912 212 33 14 23 30
Hodge and Smirk, 1967 1959-1964 173 48 22 10 20
Bechgaard, 1976 1932-1938 293 45 16 10 29
Smith et a t ,  1950 1924-1948 376

Group 1b 100 28 9 3 60
Group 2 1 ๓ 46 17 2 35
Group 3 76 52 18 16 14
Group 4 1 ๓ 22 16 59 3

Bauer, 1976 1955-1974 144 41 34 15 10
Treated

Breckenridge, 1970 1952-1959 87 18 28 44 10
Breckenridge et a t .  1970 1960-1967 203 38 21 29 11
Strate et al., 1986 1970-1980 132 42 7 7 44
Bulpitt et al., 1986 1971-1981 410 51 18 3 28
Isles et al., 1986 1968-1983 750 52 23 ? 25

•Includes ischemic heart disease and congestive lailure.
“Grouping according to Keith-Wagener classification of hypertensive retinopathy.

T a b le  3  ะ C o m p lic a t io n s  o f  h y p e r te n s io n (22)

H y p e r te n s iv e  A th e r o s c le r o t ic

Accelerated-malignant hypertension Cerebral thrombosis
(grades III and IV retinopathy) Myocardial infarction

Encephalopathy Coronary artery disease
Cerebral hemorrhage Claudication รyndromes
Left ventricular hypertrophy 
Congestive heart failure 
Renal insufficiency
Aortic dissection
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T h e c o n t in u o u s  r e la tio n sh ip  b e tw e e n  th e  le v e l  o f  b lo o d  p ressu re  and th e  

risk o f  c a rd io v a scu la r  e v e n ts , and th e  arbitrary natu re o f  th e  d e fin it io n  o f  h y p er ten s io n  

h a v e  co n tr ib u ted  to  th e  v a r ia tio n  in  th e  d e fin it io n s  is su e d  b y  v a r io u s  n a tion a l and  

in tern ation a l a u th o r itie s  and p articu lar ly  b y  th e  Jo in t N a tio n a l C o m m itte e  *J N C ) in  

th e  U n ite d  S ta tes  and  th e  W H O -IS H  G u id e lin e s  C o m m itte e . A c c o r d in g ly , in  order to  

red u ce  c o n fu s io n  and  p r o v id e  m o re  c o n s is te n t  a d v ic e  to  c l in ic ia n s  aroun d  th e  w orld , 

th e  W H O -IS H  G u id e lin e s  C o m m itte e  has ag reed  to  ad op t in  p r in c ip le  th e  d e fin itio n  

and c la s s if ic a t io n  p r o v id e d  in  JN C  V I. T h is  n e w  d e f in it io n  d e f in e s  th e  lo w e r  lim its  o f  

h y p er ten s io n  as 1 4 0  m m H g  S B P  and 9 0  m m H g  D B P , th e  sa m e  as th e  lo w e r  lim its  for  

th e  b o rd er lin e  su b g ro u p  o f  m ild  h y p e r te n s io n  in th e  1 9 93  W H O -IS H  G u id e lin e s . T h e  

n e w  G u id e lin e s  e m p h a s iz e  th at th e  d e c is io n  to  lo w e r  th e  e le v a te d  p ressu re  in  a 

p articu lar  p a tien t is  n o t  b a se  o n  th e  le v e l  o f  b lo o d  p ressu re  a lo n e  bu t o n  a s se ssm e n t o f  

th e  to ta l ca rd io v a sc u la r  risk  in th at in d iv id u a l.

H y p e r te n s io n  is  th e r e fo r e  d e fin ed  a s  a S B P  o f  1 4 0  m m H g  or  greater  

a n d /or a D B P  o f  9 0  m m H g  or  g rea ter  in  su b je c ts  w h o  are n o t ta k in g  a n tih y p er ten s iv e  

m e d ica tio n . A  c la s s if ic a t io n  o f  b lo o d  p ressu re  le v e ls  in  ad u lts  o v e r  th e  a g e  o f  18 is  

p r o v id e d  in  T a b le  4  T h e  term s “g ra d es  1, 2  and 3 ” u se d  b y  JN C  V I, s in c e  th e  w o r d  

“ s ta g e ” im p lie s  p r o g r e ss io n  o v e r  t im e  in  a w a y  th at d o e s  n o t n e c e s sa r ily  a p p ly  here. 

O th erw ise , th e  v a lu e s  c h o se n  and th e  term s u sed  are th o s e  u se d  in  JN C  V I. T h e  term s  

“ m ild ” , “ m o d er a te” and “s e v e r e ” u sed  in p r e v io u s  v e r s io n s  o f  th e  W H O -IS H  

G u id e lin e s , w o u ld  co rre sp o n d  to  g ra d es  1, 2  and 3 , r e sp e c t iv e ly . T h e  w id e ly  u se d  

term  “b o rd er lin e  h y p e r te n s io n ” b e c o m e s  a su b g ro u p  w ith in  g ra d e  1 h y p er ten sio n . It 

m u st b e  e m p h a s iz e d  th at th e  term  “m ild  h y p e r te n s io n ” d o e s  n o t im p ly  a u n ifo r m ly

1.6 Definition and classification of hypertension(24'26)
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b e n ig n  p r o g n o s is , b u t is  u sed  s im p ly  to  co n tra st w ith  m o re  se v e r e  e le v a t io n s  o f  b lo o d  

pressu re.

In co n tra st to  th e  1993  G u id e lin e s , th e  p resen t rep ort d o e s  n o t deal 

sep a ra te ly  w ith  h y p e r te n s io n  in  th e  e ld e r ly  n or  w ith  iso la te d  s y s to l ic  h y p erten sio n . 

R ather, d is c u ss io n  o f  th e se  tw o  c o n d it io n s  is  n o w  part o f  th e  m a in  tex t, s in c e  it is  

w id e ly  a g reed  th at th e  trea tm en t o f  th e se  c o n d it io n s  is  at le a st as e f fe c t iv e  in  red u c in g  

ca rd io v a scu la r  risk  as th e  trea tm en t o f  c la s s ic a l  e s se n tia l h y p e r te n s io n  in  m id d le -a g e d  

su b jects .

Table 4 ะ D e f in it io n s  and c la ss if ic a t io n  o f  b lo o d  p ressu re  le v e ls  (m m H g )(26)

Category Systolic Diastolic

O p tim al <  1 20 < 8 0

N o rm a l <  1 30 < 8 5

H ig h -n o rm a l 1 3 0 - 1 3 9 8 5 - 8 9

G rad e 1 h y p e r te n s io n  (m ild ) 1 4 0 - 1 5 9 9 0 - 9 9

S u b grou p : b o rd erlin e 1 4 0 - 1 4 9 9 0 - 9 4

G rad e 2  h y p e r te n s io n  (m o d e ra te ) 1 6 0 - 1 7 9 1 0 0 - 1 0 9

G rad e 3 h y p e r te n s io n  (s e v e r e ) >  1 80 >  110

Iso la ted  s y s to l ic  h y p er ten sio n >  1 40 < 9 0

S u b grou p : b ord erlin e >  1 4 0 - 1 4 9 < 9 0

N ew  (1999 ) W H O /IS H  de fm itiond  an d  c la ss ifica tio n  o f  B P  lev els

W h en  a  p a tie n t’s systo lic  an d  d iasto lic  b lood  p ressu res  fa ll in to  d iffe ren t ca tegories , th e  h ig h e r ca tegory  

sh ou ld  apply.

Stratification of patients by absolute level of cardiovascular risk
D e c is io n s  a b o u t th e  m a n a g em en t o f  p a tien ts  w ith  h y p e r te n s io n  sh o u ld  n o t b e  

b a sed  o n  th e  le v e l  o f  b lo o d  p ressu re a lo n e , bu t a lso  o n  th e  p r e se n c e  o f  o th er  risk
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fa c to rs , c o n c o m ita n t d is e a se s  su ch  as d ia b e tes , ta rg e t-o rg a n  d a m a g e  and  

ca rd io v a scu la r  or ren al d is e a se , as w e l l  as o th er  a sp e c ts  o f  th e  p a tie n t’s p erson a l, 

m e d ic a l and so c ia l s itu a tion . T o  a ss is t  w ith  th is , th e s e  G u id e lin e s  p r o v id e  a s im p le  

m e th o d  b y  w h ic h  to  e stim a te  th e  c o m b in e d  e f fe c t  o f  sev e r a l r isk  fa c to rs  and  

c o n d it io n s  o n  th e  fu tu re  a b so lu te  risk  o f  m ajor c a rd io v a scu la r  e v e n ts . T h e  es tim a tes  

are b a sed  o n  a g e , g en d er , sm o k in g , d ia b e tes , c h o le s te r o l, h is to ry  o f  prem ature  

c a rd io v a scu la r  d ise a se , th e  p r e se n c e  o f  ta rg e t-o rg a n  d a m a g e  and h isto ry  o f  

c a rd io v a scu la r  or ren al d ise a se . T h e y  w e r e  c a lc u la te d  fro m  d ata  o n  th e  a v era g e  10 

y ea r  r isk  o f  ca rd io v a sc u la r  death , n o n fa ta l s tro k e  o r  n o n fa ta l m y o ca rd ia l in fa rctio n  

a m o n g  p a rtic ip an ts  (a v e r a g e  in itia l a g e  o f  6 0  years; ra n g e  4 5  -  8 0  y ea rs) in  th e  

F ra m in g h a m  S tu d y .

F o u r  c a te g o r ie s  o f  a b so lu te  ca rd io v a scu la r  d is e a s e  risk  are d e fin ed  ( lo w ,  

m ed iu m , h ig h  and v e r y  h ig h  r isk ). E a ch  c a te g o r y  rep resen ts  a  ran ge o f  a b so lu te  

d is e a s e  r isk s. W ith in  e a c h  ran ge, th e  risk  o f  an y  o n e  in d iv id u a l w i l l  b e  d e term in ed  by  

th e  se v e r ity  and n u m b er o f  risk  fa c to rs  p resen t. S o , fo r  ex a m p le , in d iv id u a l w ith  v e r y  

h ig h  le v e ls  o f  c h o le s te r o l or a fa m ily  h is to ry  o f  p rem atu re c a rd io v a scu la r  d ise a se  in  

sev era l f ir s t-d e g r e e  re la tiv e s  w i l l  ty p ic a lly  h a v e  a b so lu te  risk  le v e ls  th at are at th e  

h ig h e r  en d  o f  th e  ra n g e  p rov id ed . S im ila r ly , in d iv id u a ls  w ith  o th er  risk  fa c to rs  lis ted  

in  T a b le  5 m a y  a lso  h a v e  a b so lu te  risk  le v e ls  th at are to w a r d s  th e  h ig h e r  end o f  th e  

ran ge  fo r  th e  ca teg o ry .

H o w  w e ll  th e s e  e s t im a te s  p red ict th e  a b so lu te  risk  o f  c a rd io v a scu la r  d ise a se  in  

A sia n , A fr ica n  or  o th er  n o n -W e ste r n  p o p u la tio n s  is  u n certa in . In th o s e  co u n tr ies  in  

w h ic h  C H D  in c id e n c e  is  r e la t iv e ly  lo w  and heart fa ilu re  or ren al d is e a se  is  m o re  

c o m m o n , th e  risk  fa c to r s  u sed  to  stra tify  r isk  in  T a b le  6  sh o u ld  a lso  b e  u se fu l in  

stra tify in g  th e  r isk  o f  th e se  d ise a se s .
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L ow -risk group

T h e lo w -r isk  g ro u p  in c lu d e s  m e n  b e lo w  55  and w o m e n  b e lo w  65  y ea rs o f  a g e  

w ith  gra d e 1 h y p e r te n s io n  and n o  o th er  risk  fa c to r . A m o n g  in d iv id u a ls  in  th is  

ca teg o ry , th e  risk  o f  a m ajor c a rd io v a scu la r  e v e n t  in th e  n e x t 10  y ea rs  is  ty p ic a lly  le s s  

than 15% . T h e  r isk  w ill  b e  p articu lar ly  lo w  in  p a tien ts  w ith  b o rd er lin e  h y p er ten sio n . 

M edium -risk  group

T h is  g ro u p  in c lu d e s  p a tien ts  w ith  a w id e  ra n g e  o f  b lo o d  p ressu res  and risk  

fa c to r s  fo r  ca rd io v a scu la r  d ise a se . S o m e  h a v e  lo w e r  b lo o d  p ressu res  and m u ltip le  risk  

fa c to rs , w h e r e a s  o th ers h a v e  h ig h e r  b lo o d  p r essu res  and n o  or  fe w  o th er  risk  fa cto rs . 

T h is  is  th e  p a tien t g ro u p  fo r  w h ic h  th e  c lin ic a l ju d g e m e n t o f  th e  r e sp o n s ib le  d o c to r  

w ill  b e  p a ra m o u n t in  d e term in in g  th e  n e e d  fo r  d rug trea tm en t and th e  t im e  in terva l 

b e fo r e  it sh o u ld  b e  in stitu ted . A m o n g  su b je c ts  in  th is  g ro u p , th e  risk  o f  a m ajor  

c a rd io v a scu la r  e v e n t o v e r  th e  n e x t 10 y ea rs  is  ty p ic a lly  a b o u t 1 5 -20% . T h e  risk  w i l l  

b e  c lo se r  to  15%  in  th o se  p a tien ts  w ith  g ra d e  1 (m ild )  h y p e r te n s io n  and o n ly  o n e  

ad d itio n a l risk  factor .

H igh-risk group

T h is g ro u p  in c lu d e s  p a tien ts  w ith  g ra d e  1 or g ra d e  2  h y p e r te n s io n  w h o  h a v e  

th ree  or m o re  risk  fa c to rs  lis ted  in T a b le  5 , d ia b e tes  or ta rg et-o rg a n  d a m a g e  and  

p a tien ts  w ith  G rad e 2 (se v e r e )  h y p e r te n s io n  w ith o u t  o th er risk fa c to rs . A m o n g  th e se  

p a tien ts  th e  risk  o f  a m ajor ca rd io v a scu la r  e v e n t  in  th e  fo l lo w in g  10 y ea rs  is ty p ic a lly  

ab ou t 2 0 -3 0 % .

Very-high-risk group

P a tien ts  w ith  gra d e 3 h y p e r te n s io n  and o n e  or  m o re  risk  fa c to r s  and all p a tien ts  

w ith  c lin ic a l ca rd io v a scu la r  d ise a se  or  renal d is e a s e  (a s  d e fin e d  in  T a b le  5 ) carry th e



24

highest risk of cardiovascular events, of the order of 30% or more over 10 years, and
thus qualify for the most intensive and rapidly instituted therapeutic regimens.

Table 5  ะ F a cto rs in f lu e n c in g  p r o g n o s is (26)

Risk Factors For 
Cardiovascular D iseases

Target Organ Damage (TOD) Associated Clinical 
Conditions (ACC)

I. Used fo r risk s tra tifica tion
• Levels o f systolic and diastolic 

blood pressure (Grades า -3)
• Men >55 years
• Women >65 years
• Smoking
• Total cholesterol >6.5 mmol/L  

(250 mg/dl)
• Diabetes
• Family history o f premature 

cardiovascular disease

II. O ther factors adversely 
influencing prognosis

• Reduced HDL cholesterol
• Raised LDL cholesterol
• Microalbuminuria in diabetes
• Impaired glucose tolerance
• Obesity
• Sedentary lifestyle
• Raised fibrinogen
• High risk socioeconomic group
• High risk ethnic group
• High risk geographic region

* Left ventricular hypertrophy (elec
trocardiogram, echocardiogram, or 
radiogram)

* Proteinuria and/or slight elevation 
o f plasma creatinine concentration 
า 06—า 77 mmol/L
(1 .2 -2 .0  mg/dl)

♦ Ultrasound or radiological evidence 
o f atherosclerotic plaque (carotid, 
iliac and femoral arteries, aorta)

• Generalised or focal narrowing o f 
the retinal arteries

Cerebrovascular disease
• Ischaemic stroke
• Cerebral haemorrhage
• Transient ischaemic attack 
Heart disease

• Myocardial infarction
• Angina pectoris
• Coronary revascularisation
• Congestive heart failure 
Renal disease

• D iabetic nephropathy
• Renal failure (plasma creatinine con

centration >177 mmol/L)
(>2.0 mg/dl) t

Vascular disease

• Dissecting aneurysm
• Symptomatic arterial disease 
A dvanced hypertensive retinopathy

• Haemorrhages or exudates
• Papilloedema
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Table 6 ะ S tra tify in g  r isk  and q u a n tify in g  p r o g n o s is (26).

BLOOD PRESSURE ( mmHg )
O ther risk  fac to rs  & Gradel Grade 2 Grade 3
disease  h is to ry (m ild  h y p erten s io n  ) (m o dera te  h y p erten sio n  ) (sev ere  h yp erten sio n  )

S B P  140-159 o r S B P  160-179or SB P  □  180 or
D B P  90-99 D B P  100-109 D B P  □  110

I. no  o the r risk lo w  risk m ed iu m  risk h ig h  risk
F ac tors

II. 1-2 risk  factors^1 ̂ m e d iu m  risk m ed iu m  risk V h ig h  risk

III. 3 o r m ore  risk h ig h  risk h ig h  risk V  h ig h  risk
facto rs o r T O D ®  
or d iabetes

IV . a c c (3) V  h ig h  risk V  h igh  risk V  h igh  risk

®  See tab le  5
®  T O D  -  ta rge t o rgan  dam ag e
®  A C C -asso c ia ted  c lin ica l co n d itio n s , in c lud in g  c lin ica l ca rd io v ascu la r d isease  o r rena l d isease
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2. Blood Pressure Measurements^1 28 33)
C o n v e n tio n a l v e r su s  A m b u la to r y  B lo o d  P ressu re  M ea su re m en t:

C a su a l o f f ic e -o r  c lin ic -b a se d  arteria l p ressu re  m e a su r e m e n ts , i.e . th e  p h y s ic ia n  

m e a su r e s  th e  p a tie n t’s arterial p ressu re  in  h is  o f f ic e  or c lin ic , h a v e  b e e n  u se d  s in c e  th e  

turn o f  th e  cen tu ry  and rem a in  th e  m a in sta y  or standard m eth o d  o f  d ia g n o s is  and  

m a n a g e m e n t o f  h y p e r te n s io n  e v e n  to d a y . T h ere  are m a n y  r e a so n s  fo r  th is: norm al 

and p a th o lo g ic a l v a lu e s  are d e fin e d  and a lm o st  all w e  k n o w  ab ou t th e  p r o g n o stic  

im p a ct o f  e le v a te d  arterial p ressu re  r e lie s  o n  stu d ie s  w h ic h  u se d  ca su a l m ea su rem en ts , 

e .g . F ra m in g h a m . T h e  m ea su re m e n t i t s e l f  and th e  s itu a tio n  in  w h ic h  it ta k e s  p la ce  

can  b e  sta n d ard ized , e .g . d e v ic e , c u f f  s iz e , v e s s e l  so u n d s , b o d y  p o s it io n , t im e  o f  day  

and th u s  eq u a lity  o f  o b se r v a tio n  is  a c h ie v a b le  to  a fa ir  d eg r ee . C asu a l arterial 

p ressu re  d ata  can  a lso  b e  a n a ly z e d  e a s ily  and a g g r e g a te d  to  p r o d u c e  su m m ary  

s ta tis tic s  w ith o u t  p rob lem s. F in a lly , th e  m ea su re m e n t is  s im p le  and in e x p e n s iv e  and  

th u s  e v e n  la r g e  sa m p le s  ca n  b e  e x a m in e d . H o w e v e r , th ere  are m a n y  lim ita tio n s  o f  

ca su a l m e a su r e m e n ts  to  d e term in e  th e  arterial pressu re. C a su a l b lo o d  p ressu re  

m e a su r e m e n ts  are o fte n  a ffe c te d  b y  th e  a ler tin g  rea c tio n  in d u ced  in  p a tien ts  b y  th e  

d o c to r ’s p r e se n c e , th is  rea c tio n  c a u se s  a r ise  in  b lo o d  p r essu re  w h ic h  m ay  b e  b o th  

large  and u n p r ed ic ta b le . A ls o  k n o w n  as th e  w h ite -c o a t  h y p e r te n s io n  or  o f f ic e  

h y p er ten s io n , w h ic h  ca n n o t b e  rep ro d u ced  w h e n  se lf -m e a su r in g  p ressu re  at h o m e  or  

w ith  an a m b u la to ry  b lo o d  p ressu re  m o n ito r in g  (A B P M ) d e v ic e . T h e  rea so n s  for  

w h ite -c o a t  h y p e r te n s io n  are n o t w e ll  u n d e rsto o d . T h e  p rop o rtio n  o f  p a tien ts  w ith  

w h ite -c o a t  h y p e r te n s io n  v a r ie s  b e tw e e n  2 0 %  and 30%  o f  a ll p a tien ts  w ith  o f f ic e -  

d ia g n o se d  h y p er ten sio n . M a n c ia  and c o lle a g u e s  s h o w e d  th at th e  a v era g e  r ise  in  

p ressu re  e v o k e d  b y  th e  p r e se n c e  o f  a p h y s ic ia n  w a s  2 3 /1 8  m m H g . T h is a lertin g  

rea c tio n  in ter feres  w ith  th e  ev a lu a tio n  o f  a n tih y p e r te n s iv e  trea tm en t b y  c l in ic  rea d in g s



27

in  tw o  w a y s . F ir stly , th e  a ler tin g  r ea c tio n  m a y  c a u se  an o v e r e s t im a te  o f  th e  in itia l 

b lo o d  p ressu re  le v e ls .  S e c o n d ly , it m a y  lea d  to  an u n d e restim a te  o f  th e  red u ctio n  in  

b lo o d  p ressu re  a c h ie v e d  w ith  trea tm en t. T h erefore , p a tien ts  w ith  w h ite -c o a t  

h y p e r te n s io n  m u st n o t b e  ad m itted  to  c lin ic a l tr ia ls . A n o th er  im p ortan t d isa d v a n ta g e  

o f  ca su a l m ea su re m e n ts , e s p e c ia l ly  in  th e  c lin ic a l tria l s e tt in g  is  its  w e l l  d e sc r ib ed  

r e s p o n s iv e n e s s  to  p la ceb o . W h en  arterial p r essu re  d rop s w ith  p la c e b o  trea tm en t, th e  

o b se r v e d  d if fe r e n c e  co m p a red  w ith  th e  a c t iv e  trea tm en t g ro u p  d e c r e a se s  and th e  

v a r ia n ce  in c r e a se s . S a m p le  s iz e  h a s to  b e  in c r e a se d  to  c o m p e n sa te  fo r  th is  p o w e r  lo ss .

In  a d d itio n , a s  th e  r e c o g n it io n  o f  b lo o d  p ressu re  v a r ia b ility  th at p resen ts  

th ro u g h o u t th e  d ay , c l in ic  p ressu re  m ea su r e m e n ts  are th e r e fo r e  lim ited  in  th at th e  

rea d in g  o b ta in e d  m a y  n o t b e  rep resen ta tiv e  o f  th e  p a tie n t’s b lo o d  p ressu re. H e n c e ,  

a lth o u g h  th e  le v e l  o f  arterial p r essu re  as m ea su re d  at th e  c lin ic  is  an  im p ortan t risk  

fa c to r  in  p o p u la tio n s , its  p r e d ic tiv e  v a lu e  in  in d iv id u a l p a tien t is  p o o r . T h e se  

l im ita tio n s  can  b e  red u ce d  w ith  th e  u s e  o f  A B P M  d e v ic e .

N o n in v a s iv e  in term itten t b lo o d  p ressu re  m o n ito r in g  w a s  first d e v e lo p e d  3 0  

y ea rs  a g o , w ith  th e  im p ro v ed  te c h n o lo g y , a m b u la to ry  d e v ic e s  are n o w  p o c k e t-s iz e d ,  

w ith  a lm o st  n o is e le s s  p u m p s and are ca p a b le  o f  a u to m a tic a lly  in fla tin g  th e  c u f f  and  

p r o v id in g  in term itten t p ressu re  m e a su r e m e n ts  o v e r  a 2 4 -h o u r  p eriod . W ith  th is  

m eth o d  o f  m ea su re m e n t, th ere  are c o n s id e r a b le  a d v a n ta g e s  o v e r  c o n v e n tio n a l  

m e a su r e m e n t in c lu d in g  a v o id a n c e  o f  o b se r v e r  error, e ith er  sy s te m a t ic  error, term ian l 

d ig it p r e fe r e n c e  or  o b serv er  p reju d ice , w h ic h  lim it a ccu ra cy  o f  c o n v e n tio n a l  

m ea su re m e n ts . F u rth erm ore, a m b u la to ry  m o n ito r in g  r e d u c e s  w h ite -c o a t  e ffe c t , 

p r o v id e s  a se r ie s  o f  b lo o d  p ressu re  r ea d in g s  o v e r  th e  t im e  p er io d  rather than a o n e - o f f  

m e a su r e m e n t and th e  u se  o f  A B P M  in  c lin ic a l tr ia ls  se e m s  to  b e  n o  re lev a n t arterial 

p ressu re  r e sp o n se  to  p la c e b o . T h ere  is  a lso  c o n v in c in g  e v id e n c e  th at A B P M  data
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1. R eliable identification  o f  the target popu la tion

2 4 -h o u r  A B P M  p r o v id e s  an e f f e c t iv e  w a y  o f  r e c o g n iz in g  th o se  p atien ts  

w h o s e  b lo o d  p ressu re  e le v a t io n  is  d u e  to  th e  w h ite -c o a t  e ffe c t . T h e se  p a tien ts  w h o  

are n o t rea lly  h y p e r te n s iv e  ca n n o t b e n e fit  fro m  a n tih y p e r te n s iv e  trea tm en t bu t th ey  

m a y  b e  e x p o s e d  to  p o s s ib le  a d v erse  d ru g  rea c tio n s , w h ic h  are n o t b a la n ced  by  

th era p eu tic  b e n e fit. T h erefo r e , th e y  sh o u ld  n o t r e c e iv e  an y  a n tih y p er ten siv e  

trea tm en t. L ik e w is e , p a tien ts  w ith  w h ite -c o a t  h y p e r te n s io n  m u st n o t  b e  ad m itted  to  

c lin ic a l tria ls. In e f f ic a c y  tr ia ls  th e ir  in c lu s io n  w o u ld  co n tr ib u te  to  th e  red u ctio n  o f  

arterial p ressu re  in  th e  p la c e b o  g ro u p , th u s  m in im iz in g  th e  d if fe r e n c e  in  en d p o in t  

arterial p ressu re  o b se r v e d  b e tw e e n  th e  a c tiv e  and in  th e  co n tro l grou p . In  

e f fe c t iv e n e s s  s tu d ie s  th e  in c lu s io n  o f  w h ite -c o a t  h y p e r te n s iv e s  w o u ld  d ilu te  th e  e ffe c ts  

o f  th e  a n tih y p e r te n s iv e  trea tm en t a s  a c o n s id e r a b le  su b sa m p le  o f  th e  p a tien ts  o n ly  

c a su a lly  e x p e r ie n c e  e le v a te d  p ressu re . T h erefo r e , in cre a sed  sa m p le  s iz e s  are  

n e c e s sa r y  to  a c h ie v e  s ta tis t ic a lly  s ig n if ic a n t  resu lts.

2 . R eduction  o f  sam ple size

2 4 -h o u r  A B P M  d o e s  n ot resp o n d  to  p la c e b o  and is  h ig h ly  rep ro d u cib le . 

T h u s th e  sa m p le  s iz e  req uired  to  s h o w  e f f ic a c y  o f  an a n tih y p e r te n s iv e  trea tm en t can  

b e  red u ce d  m ark ed ly .

3. A ssessm ent o f  dose-response relationship  a n d  duration  o f  drug  action

2 4 -h o u r  A B P M  a llo w s  th e  B P  o f  h y p e r te n s iv e  p a tien ts  to  b e  m ea su red  u n d er

e x p o su r e  to  th e  v a r ia b le  p h y s ic a l and  p s y c h o lo g ic a l  s tim u li in  d a ily  l if e  n o t  ju st  in  th e  

a rtific ia l en v ir o n m e n t o f  th e  p h y s ic ia n ’s o f f ic e .  M o r e o v e r , th e  d e ta iled  or ser ie s  o f

have a higher reproducibility than casual clinic readings. With the distinct features of
ABPM from conventional method make this device almost a necessity in
antihypertensive clinical trials. These are as follows
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b lo o d  p ressu re  rea d in g  a lso  o b ta in ed  o v e r  th e  tim e  p e r io d  w ith  th is  d e v ic e . A s  a 

resu lt, it is  p o s s ib le  th at th e  ex a c t t im e  o f  th e  real, d a ily  l if e  o f  p eak  and trou gh  

a n tih y p er ten s iv e  e f fe c t  w ill  b e  id e n tifie d . T h e  p e r s is te n c e  o f  th e  b lo o d  p ressu re  

red u ctio n  o v e r  2 4 -h o u r  (d r u g ’s d u ration ), du rin g  th e  n ig h t-tim e , or in th e  early  

m o rn in g  h ou rs can  a lso  b e  fo l lo w e d . In ad d itio n , th is  d e v ic e  ca n  rev ea l th e  e f fe c ts  o f  

a n tih y p e r te n s iv e  d ru gs o n  th e  b lo o d  p ressu re  (B P ) v a r ia b le s  su c h  as B P  v a r ia b ility , 

B P  load , m ea n  2 4 -h o u r  B P , m ea n  d a y -t im e  B P , m ea n  n ig h t-t im e  B P  w h ic h  are related  

w ith  th e  d e g r e e  o f  en d -o rg a n  d a m a g e  in  h y p er ten sio n .

Prognostic Significant of 24-hour Blood Pressure (BP) Variables^133)
T w e n ty -fo u r -h o u r  m o n ito r in g  o f  b lo o d  p ressu re  h as b e e n  sh o w n  to  b e  su p erior  

to  ca su a l (o f f ic e )  B P  in  p r ed ic tin g  target organ  in v o lv e m e n t  in  p a tien ts  w ith  

h y p er ten s io n , p a rticu lar ly  fo r  th e  heart. M a n y  ty p e s  o f  in fo rm a tio n  ca n  b e  o b ta in ed  

b y  u s in g  2 4 -h o u r  A B P M  d e v ic e , in c lu d in g  an in d iv id u a l’s tru e b lo o d  p ressu re le v e l, 

a m p litu d e  o f  d iurnal v a r ia tio n , sh o rt-term  b lo o d  p ressu re  v a r ia b ility  and b lo o d  

p ressu re  load , all o f  w h ic h  m ig h t h a v e  p r o g n o stic  s ig n if ic a n c e .

Prognostic significance o f  average 24-hour a n d  daytim e b lood  pressure

S o k o lo w  et a l  s h o w e d  th at a v e r a g e  d a y tim e  b lo o d  p ressu re  v a lu e s  o b ta in ed  n o n -  

in v a s iv e ly  b y  a s e m i-a u to m a tic  m ea su r in g  d e v ic e  w e r e  corre la ted  m o re  c lo s e ly  w ith  

th e  o v era ll en d -o rg a n  d a m a g e  in p a tien ts  w ith  h y p e r te n s io n  th an  c l in ic  b lo o d  p ressu re  

v a lu e s . T h is  f in d in g  w a s  la ter  co n firm e d  b y  o th er  in v e s t ig a to r s  w h o  p ro v id e d  th e  

f o l lo w in g  a d d itio n a l e v id e n c e  : (1 )  b o th  th e  d a y tim e  b lo o d  p ressu re  and th e  2 4 -h o u r  

a v era g e  b lo o d  p ressu re  are co rre la ted  m o re  c lo s e ly  w ith  en d  o rg a n  d a m a g e  in  

h y p e r te n s iv e  p a tien ts  th an  c lin ic  b lo o d  pressu re; (2 )  th e  c lo s e  co rre la tio n  b e tw e e n  2 4 -  

h o u r a v era g e  b lo o d  p ressu re  and en d -o rg a n  d a m a g e  ca n  b e  s e e n  w h e n  o rg a n  d a m a g e
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is  m ea su re d  b y  a c o m p r e h e n s iv e  sc o r e  b a se  o n  p a tien t h is to r y  and c lin ic a l and  

lab o ra to ry  e x a m in a tio n s , and w h e n  d iffe r e n t (and  so m e t im e s  m o re  se n s it iv e )  

m e a su r e s  o f  in d iv id u a l en d  o rg a n  d a m a g e  are co n sid e red . T h u s, a lb u m in u ria , cerebral 

la c u n a e , le ft  v en tr icu la r  h y p ertro p h y  and re tin op a th y  h a v e  all sh o w n  a g rea ter  

co rre la tio n  w ith  2 4 -h o u r  a v era g e  v a lu e s  th an  w ith  c lin ic  v a lu e s .

P rognostic  signi ficance o f  b lood  pressure variability

Parati et a l  d em on stra ted  th at b lo o d  p ressu re v a r ia tio n s  o v e r  2 4  h ou r are 

co rre la ted  w ith  en d  ôrg a n  d a m a g e  in  h y p e r te n s iv e  p a tien ts . In  th is  stu d y  h y p e r te n s iv e  

p a tien ts  w e r e  d iv id e d -in to  f iv e  g r o u p s  a cco rd in g  to  in cre a s in g  2 4 -h o u r  a v era g e  b lo o d  

p ressu re  v a lu e s  as d e term in ed  b y  in tra-arteria l a m b u la to ry  m o n ito r in g . E a ch  grou p  

w a s  th en  su b d iv id e d  in to  tw o  c la s s e s  a c c o r d in g  to  w h e th er  b lo o d  p ressu re  v a r ia b ility  

(c a lc u la te d  as th e  standard d e v ia tio n  o f  th e  a v er a g e  o f  a ll h a lf-h o u r  m ea n  v a lu e s , i.e . 

th e  a m o n g  h a lf-h o u r  standard d e v ia tio n ) w a s  g rea ter  or  lo w e r  th an  th e  a v era g e  

v a r ia b ility  o f  th e  w h o le  grou p . T h e  g rea ter  in c id e n c e  and se v e r ity  o f  en d -o rg a n  

d a m a g e  w a s  se e n  in  th e  c la s s e s  w ith  g rea ter  b lo o d  p ressu re v a r ia b ility . A n o th er  

su p p ort w a s  sh o w n  b y  th e  s tu d y  in 73  h y p e r te n s iv e  p a tien ts  u s in g  intra-arterial 

a m b u la to ry  m o n ito r in g . It w a s  fo u n d  th at a m o n g  th e  b lo o d  p ressu re  rea d in g s  ta k en  at 

b a se lin e , th e  sh ort-term  v a r ia b ility  (d e f in e d  a s  th e  standard d e v ia tio n  o f  c o n s e c u tiv e  

h a lf-h o u r ly  v a lu e s  du rin g  th e  d a y tim e ) w a s  th e  b e st p red ic to r  o f  su b se q u e n t le ft  

v en tr ic u la r  m ass. T h e  o th er s ig n if ic a n t p r ed ic to r  w a s  an a g g r e g a te  m ea su re  o f  ta rg et-  

o rg a n  d a m a g e  b a sed  o n  th e E C G , c h e st  X -ra y , e x a m in a tio n  o f  th e  fu n d u s and th e  

seru m  c re a tin in e  co n c en tr a tio n . T h e  v a r ia b ility  in  b lo o d  p ressu re  a lso  p red ic ted  

a g g r e g a te  ta rg et o rg a n  d a m a g e  at fo l lo w -u p , but b lo o d  p ressu re  le v e l  w a s  n o t  a 

p red ictor .
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Prognostic sign ificance o f  the d iurna l rhythm  o f  b lood  pressure  

B lo o d  p ressu re  u su a lly  fo l lo w s  a c irca d ia n  rh yth m  w ith  p r essu re  le v e ls  h ig h er  

d u rin g  th e  d ay  and lo w e r  at n igh t. In m o st  p e o p le , b lo o d  p ressu re  fa lls  d u rin g  th e  

n ig h t b y  m o re  th an  10% , su ch  p e o p le  are o fte n  referred  to  a s  d ip pers. B u t th ere  are 

o th ers (n o n -d ip p e r s) in  w h o m  th e fa ll in  b lo o d  p ressu re  is  sm a ller . T h is  b lu n ted  

c irca d ia n  pattern  h a s b e e n  rep orted  to  b e  a sso c ia te d  w ith  in cre a sed  p r e v a le n c e  o f  le ft  

v en tr icu la r  h y p ertro p h y , a r th e r o sc le r o s is  and strok e . In  ad d itio n , a f e w  c r o ss -  

se c tio n a l s tu d ie s  h a v e  in d ic a te d  th at target o rg a n  d a m a g e  is  m o re  p ro n o u n ced  in  n o n 

d ip p ers th an  in  d ip p ers  w ith  co m p a ra b le  c l in ic  b lo o d  p ressu re. It h as a lso  b e en  

su g g e s te d  th at th is  d if fe r e n c e  a p p lie s  to  w o m e n  b u t n o t to  m en .

Prognostic sign ificance o f  the daily  b lo o d  pressure load  

A  stu d y  b y  W h ite  et a l  in  3 0  n e v e r  p r e v io u s ly  trea ted  p a tien ts  w ith  m ild  to  

m o d er a te  e s se n tia l h y p e r te n s io n  v ia  2 4 -h o u r  a m b u la to ry  B P  m o n ito r in g  in d ica te d  that 

p e r c e n ta g e  o f  e le v a te d  B P  v a lu e s  th at in c lu d e s  b o th  th e  a w a k e  and a s le e p  p e r io d s  is  

p r e d ic tiv e  o f  ca rd ia c  ta rg et o rg a n  in v o lv e m e n t. E le v a te d  B P  v a lu e s  d u rin g  th e  a w a k e  

h ou rs (>  1 4 0 /9 0  m m H g ) and s le e p in g  h ou rs (>  1 2 0 /8 0  m m H g ) w e r e  u se d  to  c a lcu la te  

th e  to ta l p e r c e n ta g e  .o f ab n orm al B P  v a lu e s  ( lo a d )  in ea c h  p a tien t. It w a s  fo u n d  that 

th e  B P  lo a d s  w e r e  re la ted  to  le ft v en tr ic u la r  m a ss  in d e x  and le ft  atrial in d e x  m ore  

s tro n g ly  th an  w e r e  th e  m ea n  2 4 -h o u r  B P  v a lu e s . M o r e o v e r , i f  >  4 0 %  o f  th e  

a m b u la to ry  B P  v a lu e s  w e r e  e le v a te d , th e  lik e lih o o d  o f  in cre a sed  m a ss  or  d e crea sed  

f i l l in g  w a s  g rea ter  than 6 1 % , w h e r e a s  i f  <  4 0 %  o f  th e  B P  v a lu e s  w e r e  e le v a te d , th e  

in c id e n c e  o f  an a b n orm al ca rd ia c  te s t  resu lt d e crea sed  to  le s s  th an  17% .
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Chemistry (34'39)
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E nalaprii

Figure 2  ะ ch e m ic a l stru ctu re o f  en a la p r il(2)

E n a lap rila t and en alap ril are a n g io te n s in -c o n v e r t in g  e n z y m e  (A C E , 

b ra d y k in in a se , k in in a se  II) in h ib ito r s . E n a lap ril, th e  e th y le s te r  o f  en alap r ila t, is  a 

p rod ru g  and h a s lit t le  p h a r m a c o lo g ic  a c tiv ity  u n til h y d r o ly z e d  in  th e  l iv er  to  

en a lap r ila t. E n a lap ril is  c o m m e r c ia lly  a v a ila b le  as th e  m a le a te  sa lt and d iffers  

stru ctu ra lly  fro m  en a la p r ila t b y  th e  p r e se n c e  o f  an e th o x y c a r b o n y l g ro u p  rather than a 

ca rb o x y  g ro u p  at p o s it io n  1 o f  1 -a la n y l- l-p r o lin e  and b y  th e  p r e se n c e  o f  th e  m a le a te  

salt. T h e se  structural m o d if ic a t io n s  resu lt in  in cre a sed  G I a b so rp tio n  o f  en alap ril 

co m p a red  w ith  en a la p r ila t, w h ic h  is  p o o r ly  ab sorb ed  fro m  th e  G I tract. E n alap ril is  

stru ctu ra lly  and p h a r m a c o lo g ic a lly  s im ila r  to  cap top ril bu t co n ta in s  a d isu b stitu ted  

n itro g en  rather than a su lfh y d r ly l g ro u p  at p o s it io n  3 o f  2 -m e th y l-1 -o x o p r o p y l - 1 -  

p ro lin e . T h e  lack  o f  th e  su lfh y d ry l g ro u p  in  en a lap r il m a y  resu lt in  d e crea sed  risk  o f  

certa in  a d v erse  e f fe c t s  (e .g .,  cu ta n e o u s  rea ctio n , ta s te  d istu rb a n ces, p rotein u ria ).



Pharmacology
E ffects on R enin-A ngiotensin-A ldosterone System

E n alap ril p r e v e n ts  th e  c o n v e r s io n  o f  a n g io te n s in  I to  a n g io te n s in  II (  a p o ten t  

v a so c o n str ic to r  ) th ro u g h  in h ib it io n  o f  A C E . T h e  d rug c o m p e te s  w ith  p h y s io lo g ic  

su b stra te  (a n g io te n s in  I) fo r  th e  a c tiv e  s ite  o f  A C E . In h ib itio n  o f  A C E  in it ia lly  resu lts  

in  d e crea sed  p la sm a  a n g io te n s in  II co n c en tr a tio n s  and, c o n se q u e n tly , b lo o d  p ressu re  

m a y  b e  red u ced  in  part th ro u g h  d e crea sed  v a so c o n str ic t io n . P la sm a  ren in  a c tiv ity  

(P R A ) in c r e a se s , p o s s ib ly  as a resu lt o f  lo s s  o f  fe e d b a c k  in h ib it io n  (m ed ia te d  b y  

a n g io te n s in  II) o n  th e  r e le a se  o f  th e  ren in  fro m  th e  k id n e y s  a n d /o r  s tim u la tio n  o f  

r e f le x  m e c h a n ism s  v ia  b a ro re cep to r s  (  as a resu lt o f  th e  d e c r e a se  in  b lo o d  p ressu re). 

B y  d e c r e a s in g  lo c a l a n g io te n s in  II p rod u ctio n , A C E  in h ib ito r s  m a y  d e c r e a se  v a sc u la r  

to n e  b y  red u c in g  d irec t a n g io te n s in  II -in d u ced  v a so c o n s tr ic t io n  a n d /o r  a n g io te n s in  II- 

in d u ced  in c r e a se s  in  sy m p a th e tic  a c tiv ity .

E n a lap ril a lo n e  m a y  b e  m o re  e f fe c t iv e  in  red u c in g  b lo o d  p ressu re  in  p a tien ts  

w ith  h ig h  or  n orm al ren in  h y p er ten sio n , bu t th e  d rug m a y  a ls o  lo w e r  b lo o d  p ressu re in  

p a tien ts  w ith  lo w  ren in  h y p erten sio n . In itia l d e c r e a se s  in p la sm a  a n g io te n s in  II 

c o n c e n tr a t io n s  lead  to  d e crea sed  a ld o s te r o n e  se c r e t io n  fro m  th e  adrenal c o r te x  and  

th erefo re , to  d e c r e a se d  p la sm a  c o n c e n tr a t io n s  and urin ary  e x c r e t io n  o f  a ld o stero n e;  

h o w e v e r , p la sm a  a ld o s te r o n e  c o n c e n tr a t io n s  m a y  n o t d e c r e a se  d u rin g  en alap ril 

th erap y  in  s o m e  p a tien ts  and m a y  return to  p retrea tm en t le v e ls  in  o th e rs  du ring  

p r o lo n g e d  th erapy.

E ffects on catecholam ines a n d  autacoids

C ircu la tin g  p la sm a  n o re p in ep h r in e  c o n c e n tr a t io n  g e n e r a lly  is  n o t  a ffe c te d  b y  

en alap ril, b u t th e  d ru g  h as red u ced  th e se  c o n c e n tr a t io n s  in  s o m e  p a tien ts  w ith  

h y p e r te n s io n  or  c o n g e s t iv e  heart fa ilu re , in  ad d itio n , th e  d rug h as a t te n u a te d  th e
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increase in plasma norepinephrine concentration that results from orthostatic reflexs. 
By inhibiting angiotensin II formation, ACE inhibitors may effect catecholamine 
release and reuptake by noradrenergic nerve endings and /or may decrease vascular 
sensitivity to vasopressors. Because ACE also degrades the vasodilator bradykinin, it 
has been suggested that inhibition of ACE may cause accumulation of bradykinin in 
plasma or tissues with resultant vasodilation; however, plasma and/or urinary 
concentrations of bradykinin and/or its metabolites have been unchanged in enalapril 
responsive patients.
Cardiovascular effects

In hypertensive patients, enalapril reduced blood pressure by decreasing total 
peripheral resistance with a slight increase or no change in heart rate, stroke volume, 
or cardiac output. The drug causes arterial and possibly venous dilation. Enalapril 
generally decreases systolic and diastolic blood pressure by approximately 10-15%. In 
patients with congestive heart failure, enalapril, usually in conjunction with cardiac 
glycosides and diuretics, decreases total peripheral resistance, pulmonary capillary 
wedge pressure, heart size, and mean arterial and right atrial pressures.
Renal and electrolytes effects

Renal blood flow may increase, but glomerular filtration rate is usually 
unchanged during enalapril therapy. BUN and serum creatinine concentrations have 
occasionally increased during long-term enalapril therapy. Enalapril’ ร effects on 
renal blood flow and glomerular filtration in patients with renovascular hypertension 
appear to be similar to those in hypertensive patients with normal renal function. 
Increases in serum potassium concentration may occur secondary to enalapril -  
induced decreases in aldosterone secretion, especially in patients with impaired renal 
function. The hypothesis effects of enalapril may also result in part from decreased
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sodium and water retention secondary to reduced aldosterone secretion; however, 
decreases in aldosterone secretion during enalapril therapy are generally small. 
Pharmacokinetics

Following oral administration, enalapril is rapidly and well absorbed ( 60 to 70 
%) from the gastrointestinal tract. Peak plasma concentrations ( Cmax ) are attained 
about 1 hour after drug administration. After absorption, enalapril is rapidly de- 
esterified (hydrolysed) by carboxylesterase to from enalaprilat. As a result, plasma 
concentrations of parent drug are virtually undetectable about 4 hours after 
administration. In humans this metabolic transformation occurs almost exclusively in 
the liver.. The parent drug has an elimination half-life of about 2 hours. Unchanged 
enalapril and enalaprilat are excreted both in urine and feces, with the urinary route 
predominating.

Enalaprilat undergoes polyphasic elimination with an initial elimination phase 
half-life of approximately 5 hours but a prolonged terminal phase of 30 to 35 hours, 
reflecting the strong binding of enalaprilat to plasma ACE. Enalaprilat appears to 
penetrate most tissues ( kidneys and vascular tissue in particular). Enalapril has been 
shown, however, to decrease circulating plasma catecholamine levels and the turnover 
of brain tissue catecholamines. The bioavailability of enalapril is not affected by food 
but predictably, is affected by hepatic function. Clearance is reduced only in advanced 
uncompensated hepatic impairment.
USES
Therapeutic use in hypertension

Enalapril is used in the management of mild to severe hypertension. The drug 
has been used as monotherapy or in combination with other class of antihypertensive 
agents. Enalapril provides effective 24-hour blood pressure control whether

T 'ใ^.7y\4 332>
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administered once or twice daily. Titrated dose of enalapril, 5 to 40 mg / day as 
monotherapy, reduce mean SBP and DBP by 15% to 25 % with adequate control ( 
DBP < 90 mmHg ) in approximately 50% to 75% of patients, depending on the initial 
severity of hypertension. Enalapril has been effective in the management of 
renovascular or malignant hypertension, renal hypertension secondary to renal artery 
stenosis, and, in some patients, hypertension associated with chronic renal failure, 
however, enalapril should be used with caution in patients with impaired renal 
function, especially those with bilateral renal -artery stenosis or with renal artery 
stenosis in a solitary’kidney.

Tolerance to the hypotensive effect of enalapril apparenty does not occur 
during long-term administration, particularly if the drug is used with a diuretic. As 
with other hypotensive agents, treatment with enalapril or enalaprilat is not curative; 
after withdrawal of the drug, blood pressure returns to pretreatment levels. Abrupt 
withdrawal of enalapril or enalaprilat therapy results in a gradual return of 
hypertension; rapid increases in blood pressure have not been reported to date.

For the patients not receiving a diuretic, the usual initial adult dosage of 
enalapril maleate is 2.5-5 mg daily. Dosage of the drug should be adjusted according 
to the patient’s blood pressure response. The usual maintenance dosage of enalapril 
maleate is 10-40 mg daily, given as a single dose or in 2 divided doses daily. 
Therapeutic use in congestive heart failure

Several studies clearly demonstrate that enalapril is important for the treatment 
of symptomatic heart failure, usually in combination with diuretics and digitalis. In 
these patients, enalapril improves symptoms, increases survival, improved function 
capacity and decrease the frequency of hospitalization. The recommended starting 
dose is 2.5 mg administered once or twice daily, titration up to a target dose of 10 mg



37

twice daily in several weeks. The usual therapeutic dosing or two divided doses; most 
clinical studies have used twice -daily dosing 
Myocardial Infarction and Left Ventricular Dysfunction.

Numerous trials involving almost 100,000 patients have demonstrated a 
reduction in morbidity and mortality associated with ACE inhibitor therapy 
administered after MI.

Data obtained from the PRACTICAL trial shown that enalapril can improve 
LV function and prevented LV dilation when administered with 24 hour after the 
onset of chest pain and was continued for three months.

Enalapril is used in clinically stable asymptomatic patients with left 
ventricular dysfunction (manifested as an ejection fraction of 35% or less) in an effort 
to decrease the rate of development of overt heart failure and subsequent 
hospitalizations for heart failure in these patients.

enalapril and enalaprilat, also have been used to minimized or prevent the 
development of left ventricular dilatation and dysfunction following acute myocardial 
infarction. However, evidence regarding the efficacy of such therapy has been 
somewhat conflicting, particularly when parenteral therapy was initiated early (within 
24-48 hours) and included patients with no evidence of baseline dysfunction.
Adverse effects

Adverse reactions to enalapril usually are mild and transient but have required 
discontinuance of therapy in about 3 or 6 % of patients receiving the drug for 
management of hypertension or congestive heart failure, respectively. Enalapril 
usually is well tolerated. The frequency of adverse experiences was not related to total 
daily dosage within usual ranges. In patients with hypertension, the overall 
percentage of patients treated with enalapril reporting adverse experiences was often
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comparable with the percentages of those receiving placebo. Adverse nervous system 
effects (e.g., headache, dizziness, fatigue) occur most frequently during enalapril 
therapy for hypertension, although adverse effects of enalapril generally are mild, 
discontinuance of the drug has been necessary in about 6% of patients, principally 
because of dizziness, headache, hypotension, or rash.

Cough has been reported in 1.3 or 3.5 % of patients receiving enalapril alone 
or in fixed combination with hydrochlorothiazide for hypertension, respectively. 
Nonproductive cough, particularly at night, may occur more frequently, especially in 
patients with chronic obstructive pulmonary disease. The cough generally is 
persistent, is not associated with other respiratory symptoms, and is reversible 
following discontinuance of the drug. Nasal congestion also has been reported. It has 
been suggested that accumulation of kinins in the respiratory tract secondary to ACE 
inhibition may in part be responsible for cough and nasal congestion. Concomitant 
therapy with a nonsteroidal anti-inflammatory agent (i.e., sulindac) appeared to 
minimize cough in a few patients, but additional study of the safety (e.g., effects on 
renal function) of such combined therapy is necessary. If cough develops in a patient 
receiving enalapril, ACE inhibitor-induced cough should be considered as part of the 
differential diagnosis.
Dosage and administration

The drug can be given before, during, or after meals since food does not 
appear to substantially affect the rate or extent of absorption of enalapril. Dosage of 
enalapril maleate and enalaprilat must be adjusted according to the patient’s tolerance
and response
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Hypertension
For the management of hypertension in patients not receiving a diuretic, the 

usual initial adult dosage of enalapril maleate is 2.5 -  5 mg daily. Dosage of the drug 
should be adjusted according to the patient’s blood pressure response. If the blood 
pressure response diminishes toward the end of the dosing interval during once-daily 
administration, increasing the dosage or giving the drug in 2 divided doses daily 
should be considered. The usual maintenance dosage of enalapril maleate is 10-40 
mg daily, given as a single dose or in 2 divided dose daily.
Congestive heart failure

The usual initial enalapril maleate dosage for the management of congestive 
heart failure in adult with normal renal function and serum sodium concentration is
2.5 mg once or twice daily. After the initial dose, the patient should be monitored 
closely for at least 2 hours and for at least one additional hour after blood pressure has 
stabilized. The usual maintenance dosage of enalapril maleate for congestive heart 
failure is 5-20 mg daily, usually given in 2 divided doses. The maximum 
recommended dosage if the drug is 40 mg daily.
Asymptomatic left ventricular dysfunction

Enalapril maleate therapy has been initiated using a dosage of 2.5 twice daily 
therapy is then titrated at tolerated to a target daily dosage of 20 mg given in divided 
dose. After the initial dose, the patient should be monitored closely for at least 2 hours 
and for at least one additional hour after blood pressure has stabilized.
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