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In  the  m a j o r i t y  o f  l ~ y p e r t e n s i v e  p a t i e n t s  t h e  major haemodynan~ic 

abnormal i ty  i s  a  r a i s e d  sys temic  v a s c u l a r  r e s i s t a ~ l c e .  V a s o d i l a t o r s  would 

t h e r e f o r e ,  be a  l o g i c a l  cho ice  of t r e a t m e n t  i n  most p a t i e n t s .  F u r t h e r ,  

t h i s  group of  drugs l a c k s  t h e  s y ~ n p a t h o p l e g i c  e f f e c t s  of t h e  ganglion 

b l o c k e r s .  Ilowever, t h e i r  use a s  f i r s t  l i n e  therapy  i u  t h e  t rea tment  of 

hyper tens ion  i s  l i ~ a i t e d  because of t h e  r e f l e x  haemodynamic cl~arlges they 

induce.  F u r t h e r ,  wllen used a l o n e  t h e i r  blood p r e s s u r e  lowerirlg e f f e c t  i s  

g e n e r a l l y  no g r e a t e r  than  occurs  w i t h  a  be ta -b locker .  They a r e  most 

e f f e c t i v e  i n  combinat ion w i t 1 1  a  d i u r e t i c  and a  be ta -b locker  when t h e s e  

drugs have f a i l e d  t o  c o n t r o l  blood p r e s s u r e  adequa te ly .  However, newer 

v a s o d i l a t o r s ,  such  a s  c a p t o p r i l  and verapami l ,  whicll have l i t t l e  o r  no 

r e f l e x  e f f e c t s ,  may be shown e v e ~ l t u a l l y  t o  have a  r o l e  a s  monotherapy 

i n  p a t i e n t s  i n t o l e r a n t  of b e t a  b l o c k e r s .  

V a s o d i l a t o r s  i n  t h e  management of  h y p e r t e n s i o n  a r e  reviewed w i t 1 1  

s p e c i a l  r e f e r e n c e  t o  c l a s s i f i c a t i o n  and t h e i r  use i n  hyper tens ive  c r i s i s  

and i n  e l d e r l y  p a t i e n t s .  I n  a d d i t i o n ,  t h e  e f f e c t  of  v a s o d i l a t o r s ,  and more 

s p e c i f i c a l l y  m i n o x i d i l ,  on r e n a l  plasma f low and r e n a l  f u n c t i o n  i s  

d e s c r i b e d .  

V a s o d i l a t o r s  a r e  a g e n t s  which d i r e c t l y  o r  i n d i r e c t l y  r e l a x  v a s c u l a r  

smooth muscle. The r e s u l t  of t h i s  a c t i o n  depends on t h e  v a s c u l a r  bed 

a f f e c t e d .  Therefore ,  v a s o d i l a t o r s  c a n  be f u r t h e r  c l a s s i f i e d  a s  

predominant ly a r t e r i o l a r  d i l a t o r s  such  a s  h y d r a l a z i n e ,  minoxid i l  and 



4 72 Fitzgerald D et a1 .. 

diazoxide ;  predominant ly v e n o d i l a t o r s ,  such a s  n i t r a t e s  and d i u r e t i c s ;  o r  

combined a r t e r i o l a r  and venodi1ator.s such  a s  n i t r o p r u s s i d e ,  c a p t o p r i l  and 

prazos in .  F u r t h e r ,  n i t r a t e s  and ca lc ium a n t a g o n i s t s  a c t  n o t  only a s  

a f t e r l o a d  ( a r t e r i a l )  and pre- load (venous) reduc ing  a g e n t s  bu t  a l s o  

d i r e c t l y  r e l a x  coronary a r t e r y  srpooth niuscle. 

The dose hypotensive-response r e l a t i o n s h i p  of t h e  v a s o d i l a t o r s  i s  

v a r i a b l e .  For  c a p t o p r i l  and p r a z o ~ ~ n  i t  is complex and n o t  e a s i l y  

p r e d i c t a b l e .  Some workers  have found no r e l a t i o n s h i p  between t h e  degree  of 

h y p e r t e n s i o n  and t h e  e f f e c t i v e  dose of p r a z o s i n l .  F u r t h e r ,  a t  h i g h e r  

doses t h e  dose-response curve  tends  t o  f l a t t e n  and t h e  maximum response may 

be delayed f o r  weeks. I n  c o n t r a s t ,  minoxid i l  and n i t r o p r u s s i d e  have a  

l i n e a r  log-dose response r e l a t i o n s l ~ i ~ ~ ~ ~ .  F u r t h e r ,  w i t h  minoxid i l  t h e  

t h r e s l ~ o l d  dose arid t h e  s l o p e  of t l ~ e  dose respouse curve p o s i ~ i v e l y  

c o r r e l a L e  witti  mean a r t e r i a l  p r e s s u r e 2 .  This  l i n e a r  dose response 

r e l a t i o n s t l i p  a l lows  f o r  r a p i d  c o n t r o l  of  blood p r e s s u r e  i n  a  

p r e d i c t a b l e  mannerb. 

V a s o d i l a t o r s  have a  d u r a t i o n  of a c t i o n  i n  excess  of t h a t  p r e d i c t e d  

from t h e i r  plasma h a l f - l i v e s .  For t h i s  reason ,  hydra laz ine5  and c a p t o p r i l  

a r e  e f f e c t i v e  i n  twice d a i l y  d o s e s ,  d e s p i t e  having very s h o r t  h a l f - l i v e s .  

bl inoxidi l  a l s o  has a  prolonged d u r a t i o n  of  a n t i h y p e r t e n s i v e  a c t i o n  which 

i s  u s u a l l y  about  24 hours  bu t  may be a s  long a s  2-5 days2 i n  c o n t r a s t  w i t h  

a  plasma h a l f - l i f e  of  4.2 hours6.  The r a t e  of decay i n  a n t i h y p e r t e n s i v e  

e f f e c t  i s  c l o s e l y  c o r r e l a t e d  w i t h  t h e  pre- treatment  blood p r e s s u r e  s o  t h a t  

'more s e v e r e l y  h y p e r t e n s i v e  p a t i e n t s  r e q u i r e  twice d a i l y  doses.  I n  l e s s  

s e v e r e l y  h y p e r t e n s i v e  p a t i e n t s  once-dai ly a d m i n i s t r a t i o n  s u f f i c e s 2 .  

The r o l e  of  v a s o d i l a t o r s  i n  t h e  long-term t rea tment  of  h y p e r t e n s i o n  

h a s  o n l y  become a p p a r e n t  w i t h  t h e  i ~ l t r o d u c t i o n  of s o  c a l l e d  t r i p l e  therapy.  

Predominant ly a r t e r i a l  v a s o d i l a t o r s  cause  a  r e f l e x  i n c r e a s e  i n  

sympathe t ic  a c t i v i t y  which, by i n c r e a s i n g  c a r d i a c  ou tpu t  and vasocon- 

s t r i c t i o n ,  l i m i t  t h e  blood p r e s s u r e  lowering e f f e c t  of  t h e s e  drugs.  F u r t h e r  

more, t h e  i n c r e a s e d  r e n i n  r e l e a s e  s t i m u l a t e s  a n g i o t e n s i n  I1 produc t ion  

and r e l e a s e  of  a l d o s t e r o n e .  A f u r t h e r  consequence i s  t h a t  a l t e r e d  r e n a l  

haemodynamics i n c r e a s e  sodium a b s o r p t i o n  from t h e  proximal t u b u l e  

l e a d i n g  t o  f l u i d  r e t e n t i o n .  The a d d i t i o n  of  b e t a  b lockers  t o  

v a s o d i l a t o r s  l i m i t s  t h e  r e f l e x  t a c h y c a r d i a  and p r e v e n t s  t h e  i n c r e a s e  i n  

c a r d i a c  ou tpu t7 .  Furthermore,  85X of t h e  i n c r e a s e  i n  r e n i n  s e c r e t i o n  

which occurs  w i t h  minoxid i l  i s  prevented  by b e t a  blockers8.  This  d e c r e a s e  

i n  r e n i n  r e l e a s e  may be impor tan t  i n  producing t h e  a d d i t i o n a l  f a l l  i n  
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b lood  p r e s s u r e  which o c c u r s  when b e t a  b l o c k e r s  and m i n o x i d i l  a r e  g i v e n  

t o g e t h e r .  P resuming  t h a t  t h e  f i n d i n g s  f o r  m i n o x i d i l  c a n  b e  ex tended  t o  

o t h e r  v a s o d i l a t o r s ,  t h e  impor tance  o f  be ta -b lockade  i n  p a t i e n t s  on 

v a s o d i l a t o r s  i s  a p p a r e n t .  Not a l l  v a s o d i l a t o r s  i n d u c e  r e f l e x  s y m p a t h e t i c  

a c t i v i t y ,  however; n i t r o p r u s s i d e ,  p r a z o s i n  and c a p t o p r i l  a r e  nocab ly  

f r e e  of  t h i s  e f f e c t  a t  l e a s t  i n  t h e  s u p i n e  p o s i t i o n .  

F l u i d  r e t e n t i o n  i s  common i n  p a t i e n t s  on v a s o d i l a t o r s  and b e t a  

b l o c k e r s  and c a n  be p r e v e n t e d  by a d d i n g  a  d i u r e t i c .  I n  p a t i e n t s  w i t h  

i m p a i r e d  r e n a l  f u n c t i o n  f l u i d  r e t e n t i o n  may be  a d i f f i c u l t  p rob lem and 

a g g r e s s i v e  d i u r e t i c  t h e r a p y  is r e q u i r e d 0 s 9 .  Oedema may o c c u r  i n  t h e  

absence  o f  f l u i d  r e t e n t i o n  w i t h  d r u g s  which  a r e    re dominantly a r t e r i o l a r  

d i l a t o r s  b e c a u s e ,  i n  the a b s e n c e  o f  v e n o d i l a t o r s ,   re-capillary p r e s s u r e  

r i s e s  l e a d i n g  t o  i n t e r s t i t i a l  oedemal0 . 
TABLE I : C l a s s i f i c a t i o r l  of  V a s o d i l a t o r s .  

1 .  A lpha-adrenocep to r  b l o c k e r  

a .  P o s t - s y n a p t i c  e .g .  p r a z o s i n .  

b .  Pre-and p o s t - s y n a p t i c  e . g .  phen to lamine ,  phenoxybenzatiline, 
t r i m a z o s i n  

c .  Combined a l p h a  and b e t a  r e c e p t o r  b l o c k e r  e .g .  l abe ta l c11  

2.  Non-spec i f i c  v a s o d i l a t o r s  N i t r o p r u s s i d e  
Minox id i l  
H y d r a l a z i n e  
D i u r e t i c s  

3. A n g i o t e n s i n  I1 b l o c k e r s  

a .  A n g i o t e n s i n  I1 r e c e p t o r  b l o c k e r s  S a r a l a s i n  

b .  A n g i o t e n s i n  I c o n v e r t i n e  enzyme C a p t o p r i l  
i n h i b i t o r s  T e p r o t i d e  

4 .  Calc ium a n t a g o n i s t s  

5. P r o s  t a g l a n d i n s  

6. Drugs w i t h  combined e f f e c t s :  

C a p t o p r i l :  

Indapamide: 

Verapamil  
N i f e d i p i n e  
P e r h e x i l e n e  

A n g i o t e n s i n  b lockade  
D i r e c t  v a s o d i l a t i o n  
I n h i b i t s  b r a d y k i n i n  
me tabo l i sm 
I n c r e a s e s  plasma 
p r o s t a g l a n d i n s  

P redominan t ly  d i u r e t i c  
Mild  v a s o d i l a t o r .  



Calcium an t agon i s t s  a r e  an i n t e r e s t i n g  group s t i l l  under assessment  

i n  the management of  hypertension.  Verapamil does not cause a  r e f l e x  

tachycard ia  o r  a  r i s e  i n  plasma reninl1.  Fu r the r ,  i t  appears  t o  have a 

pos t - cap i l l a ry  v a s o d i l a t o r  a f f e c t  whic l~  p r even t s  f l u i d  r e t e n t i o n  and 

oedema12. However, i t  has profound dep re s s ive  e f f e c t s  on ~ ~ - c o ~ ~ d u c t i o n  

and pacentaker f unc t i on  nnd has a  nega t i ve  i n o t r o p i c  a c t i o n l 3 .  I n  

c o n t r a s t ,  n i f e d i p i n e  causes oedemalo, and an i n c r e a s e  i n  catecolamines and 

h e a r t  r a t e l 4 .  I t  has l i t t l e  a f f e c t  on myocardial  smooth muscle. 

Verapamil is a s  e f f e c t i v e  i n  lowering blood p r e s s u r e  a s  a  beta-blocker  11 

and these  drugs have a  p lace  i n  the  t reatment  of hyper tens ion  i n  p a t i e n t s  

s u f f e r i n g  from angina.  F ~ r r t l ~ e r ,  n i f e d i p i n e  has a  rap id  onse t  of a c t i o n  

wllen given s u b l i ~ i g u a l l y  and niay have a  r o l e  i n  t h e  t reatnlenl  of severe  

h y p e r ~ e n s i o r ~ .  Tile Irypotensive e f f e c t  of o r a l  n i f e d i p i r ~ e  i s  s h o r t ,  a t  

prrsel l l  Lour d a i l y  doses a r c  used t o  con t ro l  blood and t h i s  

ma? l im i t  i t ' s  usefu lness .  

The rap id  o ~ ~ s e t  of a c i i o n  of p a r e n t e r a l  v a s o d i l a t o r s  has led  t o  

t h e i r  use i n  the  t reatment  of hyper tens ive  emergencies.. . Ilowever, s t u d i e s  

i n  rena l  and spontarleously hyper tens ive  r a t s  have demonstrated t h a t  r a p i d  

reduction of blood p r e s su re  t o  l e v e l s  a t  which au to r egu l a t i on  of c e r e b r a l  

flow f a i l s  causes i s chaen~ ic  b r a in  damage15. The range of mean a r t e r i a l  

p r e s su re  over  which au to- regula t ion  occurs  i s  60-120 mmHg i n  normotensives 

r i s i n g  t o  120-160 nunHg i n  p a t i e n t s  wi th  hyper tens ion .  When blood p r e s su re  

r i s e s  above these  l i m i t s ,  c e r e b r a l  oeden~a may occur.  Thus, t h i s  

mechanism p r o t e c t s  the  hyper tens ive  p a t i e n t .  Below the se  lirnits, 

ischaemic b r a i n  damage occurs  due t o  a  f a l l  i n  c e r e b r a l  blood flow. 

Although p ro t ec t ed  from c e r e b r a l  oedema, t h e  hyper tens ive  p a t i e n t  i s  

s u s c e p t i b l e  t o  c e r e b r a l  oedema, t h e  hyper tens ive  p a t i e n t  i s  , 
suscep t i b l e  t o  c e r e b r a l  ischaemia wi th  a c u t e  reduc t ion  of blood p r e s s u ~ 6 , L 7 .  

Gradual reduc t ion  of blood pressure  may a l low r e t u r n  of  some au to r egu l a to ry  

con t ro l .  

Diazoxide i s  one of the agen t s  f r equen t l y  used i n  t he  t rea tment  of 

hyper tens ive  c r i s i s .  However, t he  h i g l ~ l y  v a r i a b l e  d u r a t i o n  of  a c t i o n  

(2-12 hours)  and abrupt  onse t  of e f f e c t  w i th  t h i s  d rug  when g iven  by 

bolus . i n j e c t i o n  makes i t s  use hazardous16. S i m i l a r l y ,  hyd ra l az ine  has  

a  r ap id  onse t  (15 mins) and prolonged du ra t i on  of a c t i o n  a f t e r  . . 

in t ravenous  i ~ l j e c t i o n  but  t he r e  i s  a  cons iderab le  i n d i v i d u a l  v a r i a t i o n  

i n  response t o  hydra laz ine  and both hyd ra l az ine  and d iazoxide  cause  a  

r e f l e x  tachycard ia .  I n  c o n t r a s t ,  n i t r o p r u s s i d e ,  a  combined venous and 
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a r t e r i a l  v a s o d i l a t o r  w i t h  a  r a p i d  o n s e t  o f  a c t i o n ,  i s  r a p i d l y  

n ~ e t a b o l i z e d  s o  t h a t  d i s c o n t i n u a t i o n  of  a n  i n f u s i o n  r e s u l t s  i n  r e t u r n  t o  

p re - t rea tment  blood p r e s s u r e  w i t h i n  5 minutes .  I t ' s  a c t i o n  can ,  

t h e r e f o r e ,  be t e rmina ted  a t  w i l l .  Furthermore,  t h e r e  i s  a  l i n e a r  log- 

dose response  r e l a t i o n s h i p  s o  t h a t  blood p r e s s u r e  c a n  be main ta ined  a t  

the  d e s i r e d  l e v e l ,  and r e f l e x  t a c l ~ y c a r d i a  does n o t  occur  i n  t h e  sup ine  
3 p o s i t i o n  . 

The h i g h  preva lence  of r a i s e d  blood p r e s s u r e  i n  p a t i e n t s  over  65 

y e a r s  of age ( a p p r o x i n ~ a t e l y  50% have a  blood p r e s s u r e  i n  e x c e s s  o f  

160195 mmllg) and tile high ~ ~ ~ o r t a l i t y  i r ~  e l d e r l y  h y p e r t e n s i v e s  from 

c a r d i o v a s c u l a r  d i s e a s e ,  I ~ ~ I I L S  t o  p o s s i b l e  b e n e f i t s  of a n t i h y p e r t e n s i v e  
18 t reatnlent  i n  t l i i s  group . Prev ious  s t u d i e s  sugges t  t h a t  a  r e d u c t i o n  i n  

I ~ y p e r  t e n s i v e  conipl i c a  t i o n s  nlay occur  w i t h  t rea tment  i n  e l d e r l y  s u b j e c t s  but  

a I I U I I ~ ~ C L -  of m u l l i c e r l ~ r e  t r i a l s  a r e  now under way. D i s p r o p o r t i o n a t e  

s y s  ~ o l i c  I ~ y p e r t e n s i o ~ l  i s  more conuson i n  e l d e r l y  than young h y p e r t e n s i v e s ,  

a s  a  r e s u l t  of reduced l a r g e  v e s s e l  c ~ n i ~ l i a ! l c e ~ ~ .  1)rugs which reduce 

s y s t o l i c  and d i a s t o l i c  p r e s s u r e  e q u a l l y  may compron~ise blood f low s o  t h a t  

d rugs  wl~icli  I~ave  a  g r e a t e r  e f f e c t  on s y s t o l i c  p r e s s u r e  may be 

p a r ~ i c u l a t l y  a p p r o p r i a ~ e  i n  t h i s  age group. N i t r o p r u s s i d e  reduces 
19 

s y s t o l i c  blood p r e s s u r e  p o s s i b l y  through an i n c r e a s e  i n  a o r t i c  compliance . 
F u r t h e r u ~ o r e ,  resporlse t o  v a s o d i l a t o r s  i s  p a r t l y  determined by a c t i v i t y  of 

t h e  b a r o r e r l e x  which i s  depressed  i n  e l d e r l y  s u b j e c t s z 0 .  We compared 

h e a r t  r a t e  responses  i r ~  e l d e r l y  and young h y p e r t e n s i v e s  t o  a  n i t r o p r u s s i d e  

i n f u s i o n .  The i n c r e a s e  i n  h e a r t  r a t e  was much l e s s  marked i n  t h e  e l d e r l y  

group. T l~us ,  v a s o d i l a t o r s  may have a   articular r o l e  i n  t h e  

t rea tment  of e l d e r l y  h y p e r t e n s i v e s .  

The e f f e c t  of  a n t i h y p e r t e n s i v e  therapy  on r e n a l  f u n c t i o n  i s  of 

concern not l e a s t  i n  p a t i e n t s  w i t h  pre- treatment  r e n a l  impairment. To 

d a t e  n e i t l l e r  h y d r a l a z i n e  n o r  p r a z o s i n  have been sl~own t o  have a n  

adverse  e f f e c t  on r e n a l  f u n c t i o n .  N i t r o p r u s s i d e  has  a  v a r i a b l e  a f f e c t  

on PN1 c l e a r a n c e  and reduces  CFR I n  a  few c a s e s  r e n a l  

impairment has  dis improved on c a p t o p r i l .  I n  s t u d i e s  w i t h  m i n o x i d i l ,  

r e n a l  blood f low was sl~own t o  be impaired a c u t e l y  b u t  w i t h  c h r o n i c  

t rea tment  r e n a l  blood flow improved d e s p i t e  l a r g e  r e d u c t i o n s  i n  blood 

pressure". 

l n  conc lus ion ,  v a s o d i l a t o r s  c o n t i n u e  t o  be of  p r a c t i c a l  and 

t h e o r e t i c a l  i n t e r e s t  i n  t h e  management of  hyper tens ion .  Most c u r r e n t  

i n t e r e s t  c e n t e r s  on t h e  ca lc ium a n t a g o n i s t s  whose e f f i c a c y  a s  



a n t i h y p e r t e n s i v e  agen ts  has been documented. The i r  use i s  

f a c i l i t a t e d  by t h e i r  l a c k  of s i g n i f i c a n t  r e f l e x  e f f e c t s  and t h e i r  

e f f e c t i v e ~ ~ e s s  i r ~  the t reatnlent  of  some c a s e s  of ang ina .  The r o l e  of  

v a s o d i l a t o r s  i n  t h e  management of hyper tens ive  emergencies i s  b e i n g  

r e a s s e s s e d  i n  view of the  ev idence  t h a t  t l ~ e y  a r e  be ing  used too  

a g g r e s s i v e l y .  The p o s i t i o n  of minoxid i l  i s  now w e l l  e s t a b l i s h e d  a s  be ing  

i n  r e s i s t a n t  hyper tens ion ,  a  r o l e  a l s o  s u i t e d  t o  c a p t o p r i l .  The promise 

of v a s o d i l a t o r s  t h a t  combine d i l a t a t i o n  wit11 a d d i t i o n a l  p r o p e r t i e s  such 

a s  beta-blockade o r  a  d i u r e t i c  e f f e c t  genera tes  con t inued  i n t e r e s t  i n  

t h i s  group of  d rugs .  
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