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I N T A0 DU CC I ON 

~1 comenzar l a  e x p o s i c i ó n  s e ñ a l a r e m o s  que l a s  c a r a c t e r i s -  

t i c a s  más i m p o r t a n t e s  de l a  c i r c u l a c i b n ,  que deben t e n e r s e  

s i e m p r  p r e s e n t e s ,  e s  q u e  c o n s t i t u y e n  un c t o .  E n  o t r a s  p a l a -  

h f a s ;  que l a  s a n g r e  f l u y e  cont inuamente  a t raves  d e l  corazdn 

y los v a s o s  u n a  y o t r a  vez.  y que  s i  u n  vnlumen de s a n g r e  e s  

impulsado ,  p o r  e1 c o r a z ó n ,  e s t e  mismo vdlumen debe a t r a v e s a r  

cada  una de l a s  p a r t e s  de l a  c i r c u l a c  bn. Además s e  l a  s a n g r e  

s o  c s t r s e  de un segmento c i r c u l a t o r i p  o t r o  segmento de l a  c i r -  

c u l a c i ó n  d e h e r a  aumentar su capac idad.  

E n  le pr imera  f i g u r a  (1) s e  i n d i c a  e l  plan  g e n e r a l  de l a  

c i r c u l a c i á n ,  mostrando l a s  s u b d i v i c i o n e s  i m p o r t a n t e s :  le c i r -  

c u l a c t ó n  mayor, y la c i r c u l a c i á n  pulmonar D menor. 

1 Venas Capilares pulmonares 

4D 
Arteriolar Vénulai 

Capilares 

L </ 
Fic. 13-24. Relaci6n que guardan el circuiio mayor y d circuiio menor. W n  indican la 

iitisiemr, Ir sangre ciictila de a l a  manera: heminrdio iiquicrdo (ventriculo). arrcrias. nliciio- 
las. capilares. v h i i l a r .  rcnar. hrmicardio derecha ( d c d e  aitrirula hacia \entrlculo). pulmi~xicr 
y hcmicanlio izq~icrilo, lo tiial cierra el ciictiiio. ConiJlie* esle nqiicmz a1 lralrr de slimar 
el CUM de la ungir P ciialquier parte del cuerpo. 
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A su vez cada una de e s t a s  d i v i s i o n e s  i n c l u y e  a r t e i a s  de pe- 

queño c a l i b r e ,  a r t e r i o l a s ,  c a p i l e r o s ,  v e n u l a s ,  venas  de peque- 

K O  c a l i b r e  y venas  de gran c l i b r e .  

La s a n g r e  c i r c u l a  f a c i l m e n t e  p o r  todo e l  s i s t e m a  e x c e p t o  p o r  

l a s  a r t e r i o l e s  y c a p i l a r e s .  E n  c o n s e c u e n c i a ,  se  d i c e  que f u e r a  

de l o s  pequeFios v a s o s  t o d o s  l o s  demás o f r e c e n  muy poca r e s i s t e n -  

c i a  a l  paso d e  l a  sangre .  P a r a  q u e  l a  s a n g r e  pueda a t r a v e s a r  los 

pequeños v a s o s  " r e s i s t e n c i a " ,  e l  corazón  manda h a c i a  l a s  a r t e -  

r i a s  a p r e s l 6 n  e l e v a d a  ( h a s t a  a p r o x i m a d a : , p n t e  120 m m  Hg en l a  

s i s t o l e  p a r a  l a  gran  c i r c ~ l a c i ó n  y 2 6  m m  de Hg p a r a  l a  s i s t o l s  

en l a  c i r c u l a c i ó n  pulmnnar).  A é s t a  p r e s i ó n  nos enfocaremos  

p r i n c i p a l m e n t e  y a l o s  organos  que l a  generan.  

Cíl R A 20 N 

ANATOM I A: 

€1 corazón  humao es u n  jllrgano muscular  que p o s e e  4 c a v i d a d e s  

y que t i e n e  l a  forma y el tamaño de t ü  mano mpiiñada. E s t a  s i -  

tuado en e l  m e d i a s t i n o ,  aproximademente dos  t e r c e r a  p a r t e s  d e  

l a  masa a l a  i z q u i e r d a  de l a  l f n e a  media d o l  cuerpo  y l a  n t r a  

t e r c e r a  p a r t e  a l a  derecha .  

€1  horde I n f e r i o r  d e l  corazón  que froma u n  ángulo  romo l l a m a -  

lo v é r t i c e  o p u n t a ,  e s t a  s o b r e  e l  d ia f ragma y o r i e n t a d o  h a c i a  

l a  i z q u i e r d a .  E s t o  e s  a l a  a l t u r a  d e l  e s p a c i o  e n t r e  l a  q u i n t a  

y l a  s e x t a  c o s t i l l a ( q u i n t o  e s p a c i o  i h t e r c o s t a l ) ,  e1 horde su- 

p e r i o r  d e l  corazón  o b a s e  e s t a  inmediatamente  p o r  d e h c j o  de l a  

segunda c o s t i l l a .  Los l i m i t e s  o e l  c o n t o r n o  que desdp l u e g o  i n -  

d i c a n  e l  vólumen d e l  corazón  t i e n e n  i m p o r t a n c i a  c l í n i c a .  

E n  c o n s e c u e n c i a ,  a l  e s t u d i a r  t r a n s t n r n o s  c a r d i a c o s  e l  médico 

a n o t a  g r a f i c a r n e n t e  e l  c o n t o m o  d e l  corazón.  

EST IiUCTUHA 

P A R  ED : 

1.a pared d e l  corazón  e s t á  formado p n r  t r e s  c a p a s  n e t a s  de t e -  

j i d o .  l a  p a r t e  p r i n c i p a l  de l a  p a r e s  c o n s i s t e  en t e j i d o  muscu- 

l a r  E s p e c i a l  l lamado musculo c a r d i a c 3  o m i o c a r d i o  e l  e s t e r i o r  

d e l  m i o c a r d i o  e s t a  c u b i e r t o  p n r  l a  h o j a  v i c e r a l  d e l  p e r i c a r d i o  



s e r o s o  ( o  e p i c a r d i a )  y SE a d h i e r e  In t imamente  a e l l a .  €1 i n t e -  

r i o r  de l a  p a r e s  m i o c a r d i a c a  e s t a  r e v e s t i d a  de una capa d e l i c a -  

da de t e j i d o  e n d o t e l i a l  ].lamada endocardio .  E n  l a  s u p e r f i c i e  

i n t e r n a  e1 m i o c a r d i o  p r e s e n t a  e l e v a c i o n e s  n o t a b l e s ,  l o s  muscu- 

l o s  p e p i l a r e s .  

C A V I D A D E S  

E1 i n t e r i o r  d e l  corazón  e s t á  d i v i d i d o  en 4 c a v i d a d e s ,  dos  su- 

p e r i o r e s  y dos i n f e r i o r e s .  Las  c e i i d a d e s  super io res  se  l laman 

a u r i c u l a s  y l a s  i n f e r i o r e s  v e n t r i c u l o s .  Los v o n t r . c u i o s  son 

b a s t a n t e s  mayores y de pared más g r u e s a  que l a s  a u r i c u l a r ,  por  

que l a  a c c i b n  de bombeo que desempeñan e s  tambien mayor. DE ma- 

n e r a  a n á l o g a  l a  pared d e l  v e n t r i c u l o  i z q u i e r d o  e s  inás g r u e s a  que 

l a  de1 d e r e c h o ,  p o r  que debe i m p u l s a r  l a  s a n g r e  p o r  t o d o s  los 

vasos d e l  c u e r p o ,  e x c e p t o  los que van a I n s  pulnicnes y vuelven 

de e l l n s ;  en cambio,  el v e n t r i c u l o  derecho  e n v i a  s o l o  a l  c i r c u i -  

t o  menor pulmonar. 



F i g u r a  2 .  C o r t e  f r o n t a l  d e l  c o r a z ó n  en e l  c u á l  s e  a d v i e r t e n  

l a s  c u a t r o  c a v i d a d e s ,  l a s  v á l v u l a s ,  l o s  o r i f i c i o s  y los vasns  

p r i n c i p a l e s .  Las  f l e c h a s  i n d i c a n  l a  d i r e c c i ó n  d e l  f l u j o  san-  

guíneo .  Las dos ramas de l a  vena pulmonar d e r e c h a  pasan p o r  de- 

tr6s d e l  corazón  p a r a  desembocar ~n el a u r í c u l a  i z q u i e r d a .  
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VAL.\I\JLAS Y n R I F I C I O S  

l a s  v6lviulas c a r d i a c a s  son a d i t a m e n t o s  m e c a n i c o s  que permi- 

t e n  que  f l u y a  l a  riangre protegen  l o s  o r i f i c i o s  e n t r e  l o s  a u r i -  

c u l o s  y los v e n t r i c u l o s  l a  d e l  l a d o  derecho  c o n s i s t e  en t r e s  

v á l v u l a s  de e n d o c a r d i o  u n i d a s  a los musculos  p a p i l a r a s  d e l  

v e n t r i c u l o d e r e c h o  por v a r i a s  e s t r u c t u r a s  a manera de cordón 

l l a m a d a s  c u e r d a s  t e n d i n o s a s .  Dado que e s t á  v á l v u l a  posee  t r e s  

h o j u e l a s  s e  l lama v á l v u l a  t r i c o s p i d e  y l a  v á l v u l a  d e l  l a d o  i z -  

q u i e r d o  t i e n e  e s t r u c t u r a  s e m e j a n t e  e x c e p t o  que p o s e e  d o s  h o j u e -  

l a s  y en c o n s e c u e n c i a  s e  l l a m a  v á l v u l a  b i c u s p i d e  o más comun- 

mente v á l v u l a  m i t r a l .  

Las o t r a s  dos  v á l v u l a s  s e m i l u n a r e s  e s t a n ,  una d e n t r o  de l a  o-  

t r a  a r t e r i a  pulmonar l a  c u a l  s e  l l a m a  v á l v u l a  s e m i l u n a r  o s i g -  

moidea pulmonar y o t r o  d e n t r o  de l a  a o r t a  l a  c u a l  se  l l a m a  v 6 1 -  

v u l a  s e m i l u n a r  o s igmoidea  a o r t i c a ,  en e 1  s i t i o  donde s e  o r i -  

g inan  los dos v ~ n t r i c u l o s  derecho  . i z q u i e r d o  r e s p e c t i v a m e n t e .  

FJ SIílL.flGIA 

FUNCION: 

La f u n c i á n  d e l  c o r a z ó n  es bombear s a n g r e  en vólumen s u f i c i e n -  

t e  p a r a  s a t i s f a c e r  l a s  n e c e s i d a c 2 e s  v a r i a b l e s  de l a r  c € l > l a s  de 

todo e l  cuerpo e n  l o  que s e  r e f i e r e  a l a s  s u s t a n c i a s  que t r a n s -  

p n r t a .  



cIcLn C A R U I A C D  

C i c l o  c a r d i a c 0  s i g n i f i c a  un l a t i d o  comple to  d e l  corazón  

que c o n s i s t e  en c o n t r a c c i d n  ( s i s t o l e )  y r e l a j a c i ó n ( d i s t o l e )  

d e  ambas a u r i c u l a s  y además d e  l a  c n n t r a c c i d n  y r e l a j a c i b n  

de l a s  v e n t r i c u l o s ,  l a s  a u r i c u l a s  s e  c o n t r a e n  simultaneamen- 

t e ;  en s e g u i d a  e l  p r e s e n t a r  r e l a j a c i ó n ,  l o s  dos v e n t r i c u l o s  

s e  c o n t r a e n  y s e  r e l a j a n ,  de manera q u e  e l  c o r a f ó n  no s e  

c o n t r a e  g loba lmanto  comn unidad. Las  a u r i c u l o s  permanecen r e l a -  

d a s  d u r a n t e  i a  p a r t e  de l a  r e l a j a c i f i n  v e n t r i c u l a r  y despues  

c o n i e n z a  de nuevo e l  c i c l o .  

VASOS SANGUINEOS 
Hay t r e s  t i p n s  d e  vasos  s a n g u f n e n s ;  a s a b e r ;  a r t e r i a s ,  venas  

y c a p i l a r e s .  P o r  d e f i n i c i ó n  l a  a r t e r i a  e s  u n  vaso que t r a n s p o r -  

t a  s a n g r e  en d i r e c c i d n  c e n t r i f u q a  en c u a n t o  al corazón  t o d a s  

l a s  a r t e r i a s  e x c e p t o  l a  pulmonar y sus ramas t r a n s p o r t a n  s a n g r e  

ox igenada .  l a s  a r t e r i a s  de  pequeflo c a l i b r e  s e  l laman a r t e r i o l a s .  

lJna vena por  o t r a  p a r t e  es u n  vaso  que l l e v a  s a n g r e  h a c i a  e l  

cnrazón  t o d a s  l a s  v e n a s  e x c e p t o  l a s  pulmonares ,  poseen s a n g r e  

d e s o x i g e n a d a ,  l a s  v e n a s  de pequeso c a l i b r e  s e   llaman v e n u l a s ,  

l a s  a r t e r i a s  y las v e n a s  s f l n  e s t r u c t u r a s  m i c r o s c o p i c a s .  

Los c a p i l a r o s  son v a s o s  rnicffadcopicos q u e  conducen s a n g r e  de 

les a r t e r i a s  de pequeflo c a l i l i r e  a venas  d e  pequeflo c a l i b r e  e s t o  

e s  : de l a s  a r t e r i o l a s  a l a s  v e n u l e s .  Fueron e l  e s l a v ó n  p é r d i d o  

de l a  porsba de l a  c i r c u l a c i ó n  d u r a n t e  muchos a ñ o s ,  h a s t a  l a  , 

f e c h a  e l  m i c r o s c o p i o  p e r m i t i o  d e s c u b r i r  e s t o s  v a s o s  de comuni- 

c a c i 6 n  e n t r e  a r t e r i a s  y venas .  D e s c u b r i r  l o a  c a p i l a r o s  f u é  prue- 

ba d e f i n i t i v a  d e  que l a  s a n g r e  f l u y e  de1 c o r a z ó n  a l a s  a r t e r i a s  

a r t e r i o l e s ,  c a p i l a r o s ,  v e n u l e s ,  venas  y de nuevo a l  corazcín. 

Dado que l a  f a n c i ó n  p r i n c i p a l  de l a  s a n g r e  es t r a n s p o r t a r  ma- 

t e r i a l e s  i n d i s p e n s a b l e s  a l a s  c e l ~ ~ l a s ,  y e x t r a e n o t r o s  d e  l a s  mis- 

mas y que l a  s a l i d a  y e n t r a d a  de e s t o s  s u s t a n c i a s  o c u r r e  en l o s  

c a p i l o r i l s  e s t o s  deben c o n s i d e r a r s e  l o s  u a s - s  sangufneos  más i m -  

p o r t a n t e s  d e s d e  el punto d e  v i s t a  f u n c i o n a l .  





VENAS 

Las v e n a s  son l a  p r o l o n g a c i ó n  ú l t i m a  de I n s  c a p i l a r e s ,  a l  i- 

g u a l  que los c a p i l a r e s  son t e r m i n a c i ó n  de l a s  a r t e r i a s .  Las 

a r t e r i a s  s e  r a m i f i c a n  en v a s o s  de c a l i b r e  cada V P Z  menor pa- 

r a  f o r m a r  a r t e r i o l e s  y por ú l t i m o  l o s  c a p i l a r e s ;  en cambio l o s  

c a p i l a r e s  s e  unen a v a s o s  d e  c a l i b r e  c r e c i e n t e ,  p a r a  fnrmar ve- 

n u l a s  y por ú l t i m o  venas. 

Las v e n a s  s i t u a d a s  en p o r c i o n e s  profundas  d e 1  cuerpo s e  l l a -  

man venas  p r o f u n d a s ,  a d i f e r e n c i a  de las venas  s u p e r f i c i a l e s  s i -  

t u a d a s  c e r c a  de l a  s u p e r f i c i e  y que pueden v e r s e  a t r a v k s  de l a  

p i e l .  

P R I N C I P I í l  DE C I R C I J L A C L O N  Y PRESIOP'ES  EN L O S  DI\/ERSOS VASOS 

Un l í q u i d o  c i r c u l a  a c a u s a  q u e  e x i s t e  u n  g r a d i e n t e  de p r e s i ó n  

en l o s  d i f e r e n t e s  par tes  d e  s u  l e c h o .  E s t e  p r i n c i p i o  primario 

d e l  c a u d a l  d e  l i q u i d o s  s e  d e r i v a  de l a  p r i m e r a  y segunda Ley 

de Newtón de l o s  movimientos. E n  e s e n c i a  e s t á  l e y  e s t a b l e s e  Los 

s i g u i e n t e s  p r i n c i p i o s ,  

- a )  LJn l í q u i d o  no c i r c u l a  cuando l a  p r e s i ó n  e s  l a  misma en 

t o d a s  sus p a r t e s .  

b ) '  Un l i q u i d o  c i r c u l a  cuando s u  p r e s i ó n  e s  mas a l t a  eh una 

zona que en o t r a ,  y l o  hace desde  su B r e a  de p r e s i ó n  

m6s b a j a .  

En p o c a s  p a l a b r a s ,  p o r  t a n t o  l a  s a n g r e  c i r c u l a  desde e l  v e n t r i -  

c u l o  i z q u i e r d o  h a c i a  l a  a u r i c u l a  d e r e c h a  d e l  c o r a z b n ,  p o r  que 

e x i s t e  u n  g r a d i e n t e  de p r e s i ó n  s a n g u í n e a  e n t r e  e s t a 6  dos  c a v i -  

dades .  

Conforme e l  v e n t r i c u l o  i z q u i e r d o  s e  c o n t r a e  y e x p u l s e  l a  san- 

g r e  h a c i a  l a  l u z  de l a  a r t e r i a  a o r t a  s e  c r e a  u n a  p r e s i ó n  l a  cue1 

como e s t á  a c c i ó n  no e s  c o n s t a n t e  s i n o ,  que e s  p u l s a t í l .  e n t o n c e s  

en l a  a o r t a  l a  p r e s i ó n  e s  p u l s a t i l .  F l u c t u a  e n t r e  u n  v a l o r  c i s -  

t o l i c o  de 12 í lO  mm Hg y u n  v a l o r  d i a s t o l i c o  de 8 0  mm Hg, con un 

v a l n r  medio de aproximadamente de l f l f l  mm Hg. E s t a s  p u l s a c i o n e s  

s e  e x t i e n d e n  a l a s  a r t e r i a s  de grande y pequeRo c a l i h r e ,  pero  

en las a r t e r i o l a s  ya s e  han amortiguado. 
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La p r e s i ó n  a r t e r i a l  media a l  comienza de les g r a n d e s  a r -  

t e r i a s  es c a s i  i g u a l  a l a  q u e  hay en l a  p a r t e  próxima a l  de 

l a  a o r t a ,  q u i z 6  e n t r e  100 y 99 mm Hg. 

La r e s i s t e n c i a  a l  c u r s o  de l a  s a n g r e  aumenta enormemente en 

l a s  pequeñas a r t e r i o l a s ,  y l a  p r e s i ó n  en el extremo de e s t o s  

v a s o s  y a l  p r i n c i p i o  de l a s  a r t e r i o l a s  es aproximadamente de 

A5 mm Hg. La c a í d a  normal de p r e s i ó n  de l a s  a r t e r i o l a s  e s  

aproximadamen8o de 8 5  mm Hg a l  p r i n c i p i o  h a s t a  3 5  mm Hg a l  f i-  

n a l  de l a s  mismas. A s í  p u e s  l a  mitad aproximadamente de l a  c a í -  

da de p r e s i d n  desde e 1  c e n t r i c u l o  i z q u i e r d o  a l a  a u r i c u l a  de- 

r e c h a  o c u r r e  normalmente en l a s  a r t e r i o l a s .  

La preisión a l  comienzo de l a s  cap5 . lares  AS normalmente de 

3 5  mmHg, y en el extremo venoso:; de los c a p i l a r e s  s e  l n d i c a  

en l a  f í g u r a  ( 4 ) .  e s  aproximadamente de 1 5  mm Hg. La p r e s i d n  

mei!ia a lo l a r g o  de l o s  c a p i l a r e s  s e  h a l l a  a l r r e d e d o r  de 

2 5  mm Hg e n  c o n d i c i o n e s  normales .  

Como hay mu\! paca  r e s i s t r n c i a  a l  c u r s o  do l a  s a n g r e  en el s i s -  

tema v e n o s o ,  l a  p r e s i ó n  c a e  desde 1 5  mm Hg en e l  o r i g e n  d e  l a s  

venu*as  h a s t a  aproAimadamente 6 mmHg en e l  o r i g e n  de l a s  peque- 

Ras v e n a s ,  B .? mm Hg a l  p r i n c i p i o  de l a s  v e n a s  de gran c a l i b r e  

a 1 m m  Hg a l  p r i n c i p i o  de l a s  c a v a s  y f i n a l m e n t e  a O mm Hg don- 

de l a s  c a v a s  so  v a c i a n  en l a  a u r i c u l a  d e r e c h a .  

E l  f a c t o r  d e t e r m i n a n t e  p r i m a r i o  de l a  p r p s i ó n  es e l  vdlumen 

d e  s a n g r e  en l a s  a r t e r i a s .  E s t o  s i g n i f i c a  que e l  aumento d e  

x a n g r e  a r t e r i a l  t i e n d e  a aumentar l a  p r e s i ó n  a r t e r i a l  y, a l a  

i n v e r s a ,  l a  d i s m i n u c i ó n  en e1 vólumen a r t e r i a l  t i e n d e  a d i s m i -  

n u i r  l a  p r e s i ó n  a r t e r i a l .  

Hay m u c h o a - f a c t o r e s  que j u n t o s  e s t a b l e c e n  de manera i n d i r e c t a  

l a  p r e s i ó n  a r t e r i a l  p o r  medio d e  su f l u e n c i a  en el vólumen a r -  

t e r i a l  dos  d e  l a s  ma6 i m p o r t a n t e  son:  Gasto  c a r d i a c o  p o r  m i n u t o  

y r e s i s t e n c i a  p e r i f e r i c a .  

E l  g a s t o  c a r d i a c o  depende t a n t o  de l a  f r e c u e n c i a  de l a s  con- 

t r a c c i o n e s  cardiacas  p o r  minuto como d e l  vólumen d e  s a n g r e  i m -  

pulsado  desde los v e n t r i c u l o s  en cada l a t i d o .  

E l  vólumen de l a  s a n g r e  impulsado p o r  l a  c o n t r a c c i ó n  s e  co-  

noce  como d e s c a r g a  s i s t o l i t i c a .  
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E l  vdluen p o r  c n n t r a c c i ó n  r e f l e j a  l a  f u e r z a  o poder  de l a  

c o n t r a c c i d n  v e n t r i c u l a r :  c u a n d o  m6s poderosa  l a  c o n t r a c c i d n  

mayar e1 vólumen por  c o n t r a c c i ó n .  E1 g a s t o  c a r d i a c a  p o r  m i n u -  

t o  s e  puede c a l c u l a r  por medio de l a  s i g u i e n t e  e c u a c i 6 n  sen-  

c i l l a ,  

vólumen p o r  c o n t r a c c i ó n  X f r e c u e n c i a  c a s d i a c a  = g a s t o -  

c a r d i a c o  por  minuto. 

Asumase una f r e c u e n c i a  normal de 7 2  l a t i d o  por  m i n u t o  y u n  

vólumen normal p o r  c o n t r a c c i d n  de 70  ml. 

-- La r e s i s t e n c i a  p e r i f e r i c a  ayuda a e s t a b l e c e r  l a  p r e s i , ó n  ar-  

t e r i a l .  Se  e n t i e n d e  por r e s i s t e n c i a  p e r i f e r i c e  a l a  r e s i s t e n -  

c i a  a l  c a u d a l  sanguíneo  impuesto por  l a  f u e r z a  d e  f r i c c i ó n  e n t r e  

l a  s a n g r e  y l a s  p a r e d e s  de l o s  v a s o s ,  l a  f r i c c i d n  se  d e s a r r o -  

l l a  en p a r t e  p o r  l a s  c a r a c t e r i s t i c a s  de l a  s a n g r e  ( v i s c o s i d a d )  

y en p a r t e  p o r  e l  d i á m e t r o  pequeAo de l a s  a r t e r i o l a s  y los 

c a p i l a r e s .  La r e s i s t e n c i a  p e r i f e r i c a  ayuda a d e t e r m i n a r  l a  

p r e s i ó n  a r t e r i a l  a l  c o n t r o l a r  el r i t m o  d e  ''escape a r t e r i a l 1 1  o 

c a n t i d a d  de s a n g r e  que c o r r e  desde l a s  a r t e r i a s  a l a s  a r t e r i o -  

l a s .  

En resumén l a  p r e s i ó n  a r t e r i a l  depende d e l  vólumen de san- 

g r e  a r t e r i a l ,  que e s  determinado por muchos f a c t o r e s  pero  e s -  

p e c i a l m e n t e  e l  g a s t o  c a r r l i a c o  y l a  r e s i s t e n c i a  p e r i f e r i c a  

f i g u r a  ( 5 )  
PRESION ARTERIAL 

[+\ I B  rangro drterlal 

(rar6n inversa) 

Volumen &sangre que sale de las 
yterias por minum "escape artt)tioiar" 

\ / n Volumen de rangre que entra 
e" 1.. arterias por rnl"Yt.3 

t 
(,u,+" invarra] 

Rerisl.ncii perit(>ric. 

T - E t 3  Gasto cwdioco por minuto 

t 
V b r a  fig. 13-38 

t 
Vlsse texto Y lig. 13-28 

PIC. lb. Equcma que muestra la forma en que cl gasto cardiaw'minuto y la mislcnud 
periftricl modifican la p r ~ i 6 n  arterial. Si aumcnla el gasto nrdiaco por minuto. aumenta cl 
volumen de sangre que llega a hi arterizr y ello tiende a que sei mayor el volumen de sangre 
en El aumento resultantc del rolumen artmial eleva la  prcsi6n de unqrr en las 
arterias. si ñ"mc",a la re*ir,rncia perif'.iri tienil', a <l iSrni " " i *  e l  L" l " rn? . l  r k  rrngrc que 
sale rlr lar ,3rcctias, lo <"&I a,l,r,cII'.1 < i  "<>illln<'l ,I<. 4 " q '  ',U' q,,r I, en 1111 878 .F...*% Ll ' I ismr 

Y"iU"l< , ,  A l l  r i d  runicnta 13 y'' 
~ ~~ . .. ~ .. 



E 1  f a c t o r  mecanico  que ayuda a d e t e r m i n a r  e l  vfili.men p o r  - 
c o n t r a c c i f i n  e s  l a  l o n g i t u d  de l a c  c i f r a s  m i o c a r d i a s  a l  p r i n c i p i o  

de l a  c n n t r a c c i 6 n  v e n t r i c u l a r .  

La le!/ de S t a r l i n g  d e l  c o r a z ó n ,  en e s e n c i a  d i c e :  d e n t r o  

de l l m t e s  c u e n t o  rnás l a r g a s  o rnás e s t i r a d a s  l a s  f i b r a s  d e l  co- 

razón en e l  p r i n c i p i o  de l a  c o r ~ t r a c c i ó n .  m6s poderosa  s e r á  

e s t á .  La o p e r a c i ó n  de l a  l e y  de S t a r l i g  d e l  corazfin g a r a n t i z a  

que los mismos volumenes aumentados de s a n g r e  que vuelven a l  

c o r a z ó n  s e r a n  e x p u l s a d o s  f u r a  d e l  rnismo. E s t o  a j u s t a  de manere 

a u t o m a t i c e  e 1  g a s t o  c a r d i a c o  a l  r e t o r n o  venoso en c o n d i c i o n e s  

n r r í i n a r i a s .  

LOS r e f l e & s  preso res  c o n s t i t u y e n  e l  mecanismo dominante de 

c o n t r o l d c  l a  f r e c u e n c i a  c a r d i a c a  aunque tamhien i n f l u y e  en l a  

misma muchos o t r o s  f a c t o r e s .  

-- 

R e f l e j o s  p r e s o r e s  c a r d i a c o s  l a s  c e l u l a s  s e n s i b l e s  a l a  p r e -  

s i ó n  denominadas b e r o z e c e p t o r e s  ( p r e s o r e c e p t o r e s )  e s t a n  l o c a l i -  

zados  en e l  a r c o  a o r t i c 0  y e l  seno  c a r o t i d e o  ( e l  seno  c a r o t i d e o  

e s  una d i l a t a c i ó n  pequeña s i t u a d a  a l  p r i n c i p i o  de l a  a r t e r i a  

c a r o t i d a  i n t e r n a ,  j u s t a m e n t e  p n n  encima de la b i f u r c a c i ó n  de 

l a  a r t e r i a  c a r o t l d a  p r i m i t i v a  p a r a  formar  a r t e r i a s  c a r o t i d a s  

i n t e r n a  y R x t e r n a ) .  Las  f i b r a s  s e n s i t i v a s  s e  e x t i e n d e n  desde 

l o s  b n r o r e c e p t o r e c  a o r t i c o s d e l  vago p a r a  t e r m i n a r  en e l  bulbo 

r e q u i d e o  y en sus c e n t r o a , c e r ~ i i a c o s  y vasomotor. 

s i  l a  p r e s i ó n  a r t e r i a l  que hay en a o r t a  o seno c a r o t l d e o  au- 

menta de manera s u b i t a ,  e s t l m u l a  a los b a r 0  r e c e p t o r e  a o r t i c o s  

o c a r o t i d e o s .  Como s e  i l u s t r a  en l a  f i g u r a  ( 6 ) .  e s t o  produce 

c s t i r n u l a c i á n  de l o s  c e n t r o s  c a r d i o h i n i v i d o r e s  e i n h i v i s i á n  

r e c l p r o c a  de l o s  c e n t r o s  a c e l e r a d o r e s .  l o s  que a s u  vez envian  

más impulsos  p o r  segundo p o r  l a s  f i b r a s  p a r a s i m p a t i c a s  de l o s  

n e r v i o s  c a r d i o a c e l a d o r e s  que van h a c i a  e 1  cnrazón .  Como 

r e s u l t a d o ,  o c u r r e  d i s m i n u c i 5 n  r e f l e j a  de l a  f r e c u e n c i a  c a r d i a -  

c a ,  e i n v e r s a m e n t e  el p r o c e s o  aumenta 81 r i t m o  c a r d i a c o .  
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.:e& o restobi~wl 

Disrninwión de gasto cardicco por minuto Fslimub los prewvreceptws 
oortKo y corotileo hnpulsas por 

los pares cronedes X y IX) 

Estimulo los centros 
cdio inhbdores e n d  bulbo 

Mcnor mpulros simpáticos 
(por nervios ccelerodorer) 

(par d vago) 

DlSh!.(IICION reflqo DE L A  FRZC'JEYCIA ZAKD'ACA 
Irefleos presores cordiccos D O ~ ~ K O  y corobdeo) 

I!' 6 
fi9(15-27) Rcflcjor proorcs cardiaca aórtim y nmtidro. s n  mrnnismor que tienden a m- 

)ewar o mtablerer la horneataria de a prcsih arterial al q u l i r  la fmucncia cardiaca. 
Advitrrau quc por cite meunismo el aumento de Ir prrri6n arrenrl produce de manen rc. 
flcjr diaminucibn dc Ir frrcurncir uidirca y tiende P disminuir la pini6n arterial: In inversa 
también es valwlcra. b dirminuci6n dc 11 prni6n ar~etisl prrxlucc sumcnto icflcja de h 
frecuencia del coraz6n y tiende a ~ I C V ~ T  Ir preri6n hacia cifnr normalei. 

- F a c t o r e s  d i v e r s o s  que i n f l u y e n  en 10 f r e c u e n c i a  card-  i n c l u -  

i d o s  en e s t 6  c a t e g o r i a  e s t a n  l o s  f a c t o r e s  i m p o r t a n t e s  como emo- 

c i b n e s ,  e j e r c i c i o ,  hormones, t e m p e r a t u r a  d n  l a  s a n g r e  y es t ímu-  

l a c i o n  de v a r i o s  e x t c r o c e p t o r e s .  

Ansiedad,  miedo e i r a  tambien hacen a menudo que e l  c o r a z 6 n  1.- 

t a  con mayor r a p i d e z ,  e l  e j e r c i c i o  a c e l e r a  a1  coraz6n  en c o n d i -  

c i o n e s  normmles, l a  e s t i m u l e c i 6 n  i n t e n s a  y s u b i t a  d e  l o s  kecep- 

t o r o s  d e l  d o l o r  i e n d e  a d i s m i n u i r  l a  f r e c u e n c i a  c a r d i a c a ,  en 

l a  f i g u r a  ( 7 ) .  



€mwomr- 

1 Centros hipptolómicor 1 

Barorreceptorer 
en aorta y seno 

corotídeo 

CENTROS CARDIACOS t 
Presión orterial 

0arorreceptorer 
en venas cavas 

BULBO RAQUIDEO 

__ 

Presión venoso 

b o c e p t o r e  4 
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E x i s t e  r e s i s t e n c i a  p e r i f e r i c a  p r i n c i pa lmen t e  a causa de l a  

v i s c o s i d a d  de l a  sangre  y e l  d iámetro  pequeño de  l a s  a r t e i o -  

l a s .  La v i s c o s i d a d  sanguínea s e  debe p r i n c i pa l emn t e  a l o s  

e r i t r o c i t o s , p e r o  en p a r t e  tambien a l a s  mó lecu las  p r o t e i n i -  

cas que e x i s t e n  en l a  sangre. En  c i r c u n s t a n c i a s  normales l a  

v i s c o s i d a d  sanguínea cambia muy poco,  pe ro  en c i e r t a s  anomal ias  

como anemia n n t a b l e  o hemorrag ia ,  l a  d isminuciñn de  l a  v i s -  

c o s i dad  puede s e r  e l  f a c t o r  c r u c i a l  que disminuya l a  r e s i s -  

t e n c i a  p e r i f e r i c a  y l a  p r es idn  a r t e r i a l  incl .uso h a s t a  e l  pun- 

t o  !!e i n s u f i c i e n c i a  c i r c u l a t o r i a .  

Numerosos f a c t o r e s  c on t r o l an  e l  d idc :e t ro  de l o a s  a r t e r i o l a s .  

p od r í a  d e c i r s e  que c ons t i t uy en  e l  mecanismo d e  c o n t r o l  vaso  

motor. Los cambios ds  p r a s i S n  a r t s r i a l  i n i c i a n  un r e f l e j o  

vaso  motor  p r eso r .  

- R e f l e j o s  p r e s o r e s  vasomotrores  Un aumento en l a  p r e s i ón  

a r t e r i a l  e s t í i : , u l a  l o s  p ro c e so s  r e c e p t o r e s  a o r t i c o s  y c a o r t i c o s  

los mismos que i n i c i a n  r e f l e j o s  cordiiacos. 

E l l o s  no s o l o  producen ~ s t i m u l a c i ó n  de  los c e n t r o s  ca rd i o -  

h i n i b i d o r e s ,  s i n o  también i n h i v i s i o n  de l o s  c e n t r o s  vaso  cons- 

t r i c t o r e s .  En  consecuenc ia  l a  f r e c u e n c i a  c a r d i a c a  d isminuye 

y l a s  a r t e r i a l a s  y venu las  de  l e s  r e s e r v o r i o s  sanguineas  s e  

d i l a t a n  ( l o c u a l  s e  muestra en l a  f i g u r a  8). E inversamente  e l  

p r o c e so  si l a  p r e s i ó n  a r t e r i a l  ba ja .  

Quimio r e f l e j o s  vasomntores Los quimio r e c e p t o r e s  s i t u a d o s  

en l o s  cuerpos  a o r t i c o s  y c a r o t i d e o s  son pa r t i cu l a rmen t e  sucep- 

t i b l e s  a l a  d isminucidn d e l  ó x i g eno  sanguíneo ( h i p o x i a )  y a l -  

go menos s u c e p t i h l e s  a l  exeso de  b i o x i d o  de  carbono( I p e r capn i a )  

y ia l a  d isminucidn d e l  PH a r t e r i a l .  Cuando a l g u n a  de  e s t a s  

c i r c u n s t a n c i a s  o v a r i a s .  es t imulan  a l o s  quimio ra iceptores  sus 

f i b r a s  t ransmi ten  más impulsos  a l o s  c e n t r o s  v a s o c o n s t r i t o t e s  

d e l  bulbo  y p ron to  s ob r e v i ene  vaso  c o n s t r i c c i ó n  de a r t e r i o l a s  

y r e s e r v o r i o s  venosos. Es t e  mecanismo a c t u a n  como medio de ur-  

g enc i a  cuando ocur r en ,  h i p o x i a  o h ipe rcapn ia  in t ensa .  e s t o  s e  

muestra e n  l a  f i g u r a  ( 9 )  
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(tiende a resta! .kcor) 

Disminución del voiumen 
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cardiac0 por minuto 
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Disminución del retorno 
venoso al corozón 
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Algún faaor 
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Estimula lor 
presorreceptorer oórtico 
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O2 y COZ en 

sangre arterial 

/ 
(tiende a restablecer) 

Aumento del gosto 
cardiaca por minuto 

Aumento del retorno 
ven- al corazón 

Algún factor 

Gran disminución 
en 02 de sangre 

artusrial (hipoxia grave) 

Gran aumento 
en COZ arterial 

(hipercapnio grave) 

Estimula 
quimiorreceptores 

carotideos y oóriicos 

Estimulo 
c e n h a  

M6s impulsos por 
fibras simpáticas a 
la vasos de piel y 

h-7z-d VASOCONSTRICCION 

FIG. 13-XI. El quimiormncjo Y ~ Y I I I I O ~ ~ T  q u e  Y ilusln aqul no funciona bajo condiciones nor- 
malm. Open como mspuesu a Is reacción general de alarma de hipoxia o hiperupnia gra. 
VCI, y ticndc a rertrblcccr Iri rontrnlraciuncs ranguineas normales dc O, y CO,. Como e l e  
mecanismo dnenodrna vawcorislrirrión refleja. tiende tainbih I aurnenlrr la rnirlenria 
periiérim y la pri~i(in a r ~ c n a ~ .  ( V ~ W  tarii~>i+gi ia riK. 15-31.) 

a 



M A R C f l  M E D I C O  PATDLCIGICQ 

A 1  t e r a c i o n e s  de l a  p r e s i ó n  a r t e r i a l .  

VARIABILIDAD DE LA PRESIíllrl  ARTERIAL G E N E R A L  

Un gran ncimero de f a c t o r e s  a f e c t a n  l a  presi .ón a r t e r i a l  g e n e r a l  

ya s e a  aumentandola o d isminuyendola ,  p e r o  en ambos c a s o s  s i  ba- 

j a  o aumenta de c i s r t o  v a l o r  n o r m a l  ( lZO/üü)pasa a s e r  de c a r a c -  

t e r í s t i c a s  anormales  y en a l g u n o s  c a s o s  p a t ó l o g i c o s .  

A c o n t i n u a c i ó n  se c i t a n  v a r i o s  e j e m p l o s  que hacen v a r i a r  l a  

p r e s i ó n  a r t e r i a l ,  además de l a s  emosiones a x p r e s a d o a s  o no, 

P o s t u r a .  E 1  e s t q r  de p i e  produce r e d u c c i ó n  t r a n s i t o r i a  de l a  

p r e s i ó n  s i a t o l i c a  y u n  aumento s o s t e n i d o  de l a  p r e s i ó n  d i s t o l i -  

c a ,  p o r  l o t a n t o ,  s e  reduce  l a  p r e s i ó n  d e l  p u l s o .  

E j e r c i c i o .  E l  e j e r c i c i o  f í s i c o  produce aumento de p r e s i ó n  

s i s to l - i . c s  como p r e s i ó n  de p u l s o .  

I n g e s t i ó n , , d e  a l i m e n t o s .  Una comida abundante  va s e g u i d a  de u n  

aumento i m p o r t a n t e  de l a  p r e s i ó n  s i s t o l i c í i .  

Temperatura. E l  tiempo c a l i e n t e ( e j e m p l o ,  e l  v e r a n o )  t i e n d a  a 

d i s m i n u i r  l a  p r e s i d n  a r t e r i a l  u n  poco. 

paso. La f r e c u e n c i a  de p a c i e n t e s  de p r e s i d n  s a n g u í n e a  a l t a  e s  

tambidn mayor en grupos donde e l  e x c e s o d e  peso e s  gmnde.  

sexo .  La p r e s i ó n  a r t e r i a l  e s  más b a j a  en m u j e r e s  menores de 

40  amos y m6s e l e v a d o  en l a s  m u j e r e s  de 5 0  años,  que  en l o s  hom- 

b r e s  d n  l a  misma edad. 

Edad. Tnato  l a  p r e s i ó n  s i s t o l i c a  como d i s t o l i c a  aumenta en los 

r e c i é n  n a c i d o s  9 0 / 5 5 ,  a d u l t o s ,  j o v e n e s  120/80, v e j e s  150/90 en 

promrdio. 

En v i s t a  d e  l o  a n t e r i o r  e l  v a l o r  normal ( 1 2 0 / R O ) ,  s i s t o l i c a /  

d i a s t o l i c a ,  no es  una a c e v e r i c i 6 r i  c l a r a  t o n a n d n  i-.n r : u e i ~ t a  los 

f a c t o r e s  a n t e r i o r e s ,  ?or I n  t . a n i ~ r ,  E F  nit!+!. :  i i . t i . r v a l n r .  p a  pre-  

s i b n .  

( No t a  t e c n i c a )  



Tiemyo de l l e g a d a  d e l  ,pulso como un metodo y r a  o b t e n e r  l a  pre- 

s i 6 n  s i s t o l i c a  y d i a s t o l i c 3  i n d i r e c t a .  

Un nuevo metodo Tuede d e s c r i b i r  que s e  i d e n t i f i q u e  l a  p r e s i ó n  - 
s i s t o l i c q  y d i a s t o l i c a  i n d i r e c t a m e n t e ,  e l  metodo e s  basado e n  - 
i-uptura d e l  p u l s o  más a l l a  d e l  puiio. L l n e a s  d i r e c t a s  a r t e r i a l e s  

f u e r o n  usmias e n  e s t é  e s t u d i o  ?ara deinostr ' - ,r  e l  p r i n c i p i o .  El - 
m&$odo f u e  p o s i b l e  a p l i c a r l o  usando dos  p u l s o s  a r t e r i a l e s ,  uno 

t m a d o  j u s t o  más a l l a  d e l  pUno y e l  o t r o  en o t r o  s i t i o  conveniel! 

t e .  
P i e z o e l e c t r i c o ,  f o t o e l e  c t r i c o  y d e t e c c i o n  de impedancia d e l  pul-  

so son los c a n d i d a t o s  p a r a  e s t a  a p l i c a c i b n .  ( R e f e r e n c i a  9)& 
Cuando tenemos que las  l e c t u r z s  de p r e s i ó n  son bajas r e s p e c t o  a 
l i m i t e  mlnimo s e  d ise  que e s  una HIPOTENCION ARl"?Ifi o PRXSION 

ARTERIAL BAJA. Analogamnnte, cuando l a s  l e c t u r a s  m n  altas r e s -  

p e c t o  el l i m i t e  m6ximo s e  habla de una IIIPXRTENCION ARTERIAL o 
PRhSION ARTEHIAL AEFA y puede ser  causada p o r  v a r i o s  f a c t o r e s  -- 
q u e a b e c e s  se i n t e r r e l a c i o n e n  y son I 

a) F a l I ~ s  e n  l o u  t i s t e r n a s  r e g u l a d o r e s  

b) P o r  l e c c i o n e s  traumáticas 

c) Enfermedades 

d)  T r a n s t o r n o s  P s i q u i s $ r i c o s  

La, H i p e r t e n c i ó n  e n  s i ,  se d e f i n e  como e l  aumento c r o n i c o  de l a  

p r e s i ó n  a i t e r i a l  y r e p r e s e n t a  una de las  c a u s a s  p r i n c i p a l e s  de 

enfermedad y muerte.  

No E.E tan f r e c u e n t e  l a  H i p o t e n c i b n  como enferniedzd e n  cornpciran- 

c i 6 n  con l a  H i p e r t e n c i ó n ,  y podemos c o n t r o l a r  e s t o s  cambios me- 
d i a n t e  un c o n t r o l  de p r e s i ó n  s a n g i n i a .  -? * .  >.,a: _,,, 1 s 

E l  MMF'CACPS, e s  un modelo m u l t i p l e  de procedimien%os de c o n t r o l  

adaptadoF p a r a  , c o n t r o l a r  pre  e i 6 n  sruiguinia, puede s e r  considerado 

pafra un s i s t e m a  computarizado de r e t r o a l i m e n t a c i ó n  con rrgulado-  

r e s  de rango de i n f u d 6 n  de d r o g a s  ( n i t r o p r u s s i d )  para mantener 

le T r e s i o n  sp-nguinia. 



Ya que l o s  pa.ranietros de transferenci: funcional 30011 d i f e r en t es  

para cada pasiente y más fue r t e s  ron l a s  variaciones de tiempo 

ca.de uno de l o s  algoritmos se crea. para  e l  mantenimiento de embos 

e s t ~ d o s  y l a e  espec i f i cac iones  de l  tr-nseunte, p m z .  esos e f e c t o s  

l a  simulación cornputa.da Liuede mostrar que e l  modelo multiple de 

p c e s o s  de cont ro l  adaptado p e d e  ser  suceeivemente apJicada püra 

e l  contro l  de presibn sanguinia,s -!pesar de l  incremento at Behibe - 
t raso  de In const.,nte de tiempo y ganancias; e l  resultr.do de ambns 

simulaciones y esperlmentos animales f nd i c z  que e l  módelo m u i t i -  

p l e  de contro l  adaptativo (hWeA) como algoritmo t i ene  e l  pot4ne- 

c i a1  de c:cii-Lrolador w t ó a a t i c o  de toda presion ranguinia mediante 

un e..nch de parárnetroi, siempre en la presión de rcpresentntivi-  

dad. 

La  esperimeritación de Further, cor, animales sujetos paz. varia-- 

c i ó n  de funcionalidnd de trLansfererLcias E S  remodelado para un uso 

e s t os  cstudios comparados con o t ros  adaptadores a lgor i tmicos  

puede s e r  interesante.  (Referencia 12)  

HIPOTENWON 

introduccitin. 
- 

Los mecanismos de regulación que normalmente sostienen l a  presion 

ñ r t e r i i l  generel. dentro de l i m i t e s  estrechos a pesár de l a s  Amplias 

variaciibnes de act iv idad son necesarinmente comnle jas. T i l  f racaso 

dec ia:~r&gulaci6n que produce la presión a r t a r i : : l  ba ja  e': un irnpor- 

tante problema c l i n i c o ,  l a  dettiriiiinación c?e mecánismos que l a  in- 

voluaran y l a  1cca.lizan e n  l e s i ones  y enfermedades requieren un - 
enfc,que mer tado  y razonado. 

A cont inu~c idn  se exponen l o r  meccnismos m5c , ? i gn i f i c e t i v o s  bajo 

~ C E  cuales se i'resentn I n  liipoter:ción R r t e r i d  G r n t r a l ,  l a s  con- 

cecuencia? devido a está ,  con depresión f l s i c z  y psiquica cubita 

(ciiocue) BUS vcrciones más comunes y f indincnte c í r cu ios  v i c i o s o s  

de l i i  Hipotencion, adem5.s se incluye l:?. Figura 11 ccmo una men-- 

c ión &e un t i p o  de hipotención t r m s i t o r i a ,  F o r  ceusa de un fuer- 

tirr:ulo emocional, en l e  figur?. se mu: trz lo- mecrnismos que 



FIGURA 10 

VECAKISMO DE L A  HIPOTENCION ARTERIAL Y DE CHOQUE 

L O S  d i v e r s o s  f a c t o r e s  que determinan l a  p r e s i ó n  a r t e r i a l  

g e n e r a l  pueden s e r  u t i l i z a d o s  cflmo marco p a r a  c l a s i f i c a r  

l a s  c a u s a s  de l a  d i s m i n u c i ó n  de l a  p r e s i ó n  s a n g u í n e a ,  que 

cconduce a1 e s t a d o  l lamado "choque" ,  los mecanismos p u e s t o s  en 

l i s t a  en l a  columna de l a d o  derecho  operan  p o r  medio de l o s  

mecanismos enumerados se p e r t u r b a n  e l  e q u i l i h r i o  de l a  pre-  

s i ó n  sanguínea .  Les a d a p t a c i o n e s  de  compensación pueden ocu- 

rr ir  t e o r r c a m e n t e  en cada punto de r s m i f i c a c i b n ,  l a  que í n -  

d i c a  l a  c o m p l e j i d a d d e  l a s  r e s p u e s t a s  aún cuando u n  s o l o  e s t f -  

mulo a i s l a d o  e una sola p e r t u r b a c i ó n  haya i n i c i a d o  la d i s -  

m i n u c i a n  de l a  p r e s i b n  sanguínea.  
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bi* 
TABLE -2 POSTURAL HYPOTENSION - 

I l J , w , u d w , i  ('e!, diu<. (Ju l iw l  
A i , , tdwm<c W i l l ,  \'<.I,<,"- WIUI.,, >t ,KI  ,',t,di;K 

Iilll,i~ >ii l i l e  , , , L N " I W .  \CIII>U\. 11v cill.illilr /<.\<.I 
I .  l'ooi. mL~scul~lr Illllll/>i"C n l ~ ~ h m l ~ n ~ .  

il. Miisc"l;ir ;iti-op1iy 
h. Pmir p ~ s t ~ r i i l  adjustment in young 8s- 

c. Passive tilting 

a. Incompetent valves 
h. \laricase veins 
c. Obstruction 1e.g.. lote pregnancyi 

3. Cardiae: Tamponado, constrictive peri- 
carditis, atrial myxoma, hall valve 
thrombus 

thenic Q W S O ~ S  standing at strict attention 

2. Venous diseasc: 

H .  Absoluta or relalive depletion of intravascular 
volume: 
1. Iteiative: Due to dilatation of capacitance 

vessels by drugs 1e.g.. nitrites1 or disease 
ie-g., venous angiomatosis) 

a. Hemorrhage, internal or external 
b. Excessive loss of fluid by diuresis. 

c. Increased capillary permeability with 

d. Urinary salt wasting due to selective 

2. Absolute: 

vomiting, diarrhea 

loss of fluid in interstitial spaces 

hypoaldostemnism 
C.  Diminished myocardial perfarmanee:'- 

1. Myocarditis, severe wronary arterial disease 
2. Postural arrhythmias with excessively slow 

or extremely rapid heart rate 
3. Outlet obstruction as in aortic or pulmonary 

stenosis (usually leads to exercise rather 
than orthostatic hypotension) 

11. Impaired Peripheral Resistance 
A. Arteriolar: 

1. Disease: Relatively rare ie.g.. amyloidosis), 
and then usually associated with neural 
involvement as  well 

2. ?.i.t<~i-i<ili,i i;isr>dilntr>l-i $13 "lI.l.il,t>S or 
llil n3l~rLLss,<l~~ 

I { .  Nciii.i,li,gi< dy>i"n,:ti<n,: 
1. I.i,ciiiri i n  ;ill'went l i m b :  'Ttihcs diirdis .  

I . ~ I . L . I ?  in pdyncuritis 
2. 1,wion in central ncivous system 

a. Some forms u f  chronic idiopathic hypo- 
iriision: piiasible relationship to 
Shy-Urager syndrome 

h. Parkinsonism either isolated or part of a 
more extensive degenerative disease 

c. Cerebral arteriosclerosis 
d. Syringom,velia, various myelopathies, 

e. Drugs ie.g., meprohamalei 

1p;irasympatlietic may hc affected but i s  not 
responsible for hypotension1 
a. Some forms of chronic idiopathic 

hypotension 
h. Polyneuritic ie.g., diabetes. porphyria) 
c. Myelopathies 
d. iatrogenic: 

Wernicke's syndrome, tumors 

3. Lesion in cffwcnt sympathetic limb 

11 1 I'ostsympathectom? 
121 Neural blocking drugs 

la1 Ganglion blocking agents, 

íb) Monoamine oxidase inhibitors 
adrenergic blockers 

( C I  L-dopa 
Ill. Undetermined or Mired Mechanisms 

A. Adrenocortical insuffieienes: Possibly related 
to cardiac dysfunction and aggravated by 
fluid lass: reactions of resistance and 
capacitance vessels said to be normal 

B. Diabetic acidosis 
C. Pheochromocytoma [distinctly uncommon1 



Mecanismos más s i g n i f i c a t i v o s  que producen h i p o t s n s i d n  y lle- 
gan a l a  conduncirín de c h o q u e ( d e p r e s i 6 n  f f s i c a  y p s i q u i c a  s u b i -  

t a ) :  

a )  P e r d i d a  c o n s i d e r a b l e  d e  sangre .  

b )  Deshidremia 

c )  S t - c u e s t r o  o e s t a n c a m i e n t o  de l l q u i d o s  

d )  Traumatismos 

e )  Compresión c a r d i a c a  

f )  I n s u f i c i e n c i a  c a r d i a c a  

g )  D e s e q u i l i b r i o  adtonorno 

h )  V a s o d i l a t a c i ó n  p e r i f e r i c a .  

PERUIDA C O N S I D E R A H E  DE SAPjGRE 

E1 s e r  humano puede p e r d e r  a l g o  de 500 nd de s i a g r e  s i n  pre -  

s e n t a r s e  m o d i f i c a c i o n e s  c a r d i o v a s c u l a r e s  de i m p o r t a n c i a .  

pero s i  la p é r d i d a  de s a n g r e  es d e  t a l  magnitud que los meca- 

nismo n e u r a l e s  yhormonales f a l l e n  p a r a  compensar l a  p é r d i d a  p o r  

c o m p l e t o ,  e n t o n c e s  l a  p r e s i ó n  a r t e r i a l  d e s c e n d e r á .  

Aunque l a  s i m p l e  p é r d i d a  de s a n g r e  acompañada d e l  d e s c e n s o  de 

p r e s i ó n  sangi i fnes  es s u f i c i e n t e  p a r a  d e f i n i r  h i p o t e n s i ó n  p o r  

(PC5)porque  muchas p e r s o n a s  s u f r e n  h i p o t i m i a s ( p 6 r d i d e  d e l  cono- 

c i m i e n t o  p a s a j e r o  con d e b i l i d a d  de l a  r e s p i r a c i ó n  y l a  c i r c u l a -  

c i ó n ) .  Con solo v e r  l a  s a n g r e  p a r a  d e c i r  que e x i s t e  h i p o t e n s i ó n  

p o r  ( P c 5 )  deben comprender pruebas  de cada una d e  l a s  e t a p a s  que 

nue 

dad 

a 

b 

C 

i n t e r v i e n e n  en l a  cadena f u n c i o n a l  de e v e n t o s  que  conducen a es -  

t á ,  como son d i s m i n u c i ó n :  

a )  e s p e c í f i c a  d e l  v6lumen de l a  s a n g r e .  

b )  Vólumen d i ~ s i o l i c o .  

c )  Géslbm c a p d i a c o  

Pero e l  cuerpo comienza a c t i v a r s e  g e n e r a l m e n t e  y para  f n d i c a r  

Ins  mecanismos de compensación adecuados e n t r a n  en a c t i v i -  

s e  p r e s e n t a n .  

V a s o c o n s t r i c c i r í n  p e r i f e r i c a  d e  compensación. 

T a q u i c a r d i a .  

Aumento de l a  expuls i f in  s i t o l i c a .  



se p r e s e n t a  en l a  s i q u ~ e n t e  f i g u r a  u n  esquina de r e a c t i v a c i á n  

de l a  p r e s i ó n  sanguínea .  
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Medición de l a  c o n s t a n t e  K de l a  p r e s i ó n  s a n g u í n e a  sobre un 

rango de p r e s i ó n  en l a  a r t e r i a  r a d i a l  c a n i n a .  

La s v a l u a c i d n  d e  l a  c o n s t a n t e  K de p r e s i á n  s a n g u í n e a  en l a  

nueva e c u a c i ó n :  

M= D- K (5-U) 
Medida sobre u n  ancho rango de p r e s i ó n  en l a  a r t e r i a  r a d i a l  

c a n i n a .  

E s t a  e c u a c i ó n  e s  usada a e s t i m a c i á n  de v a l u a c i ó n  de l a  p r e -  
s i ñ n  s a n g u í n e a  media de l a s  v a l u a c i o n e s  medidas de l a s  p r e -  



I_  

1 .  

C" , 

s i o n e s  s a n g u í n e a s  s i s t o l i c a s  y d i a s t o l i c a s .  E s t o  f u k  fundido 

en l a s  m u l t i p l e s  v a r i a c i o n e s  de K, e s t o  s e  c o n c l u y e  coi ;  e s t a  

e c u a c i ó n  d e  da una e s t l m a c i á n  p r e c i s a  de l a  p r e s i ó n  sanguínea  

media de l a s  p r e s i o n e s  d i a s t o l i c a  y s i s t o l i c a  r e a l e s .  

( R e f e r e n c i a  5 ) .  

Estimacióri  d e l  m o n i t o r  de p u l s o  y p r e s i ó n  s a n g u l n e a  h i t a c h i  

HME-20. 

f:l f u n c i o n a a i e n t o  de e1 m o n i t o r  de p u l s o  y p r e s i ó n  sanguínea  

( p 5 ) h i t a c h i  y moni toreo  e l e c t r o c a r d i n ( j r a f i r 0  es d e s c r i t o  a l t a -  

mente s i g n i f i c a n t e  l a  ( P  menor quF: o.ofl1) con r e l a c i ó n  f u k  en- 

c o n t r a d o  e n t r e  p r e s i o n e s  i n t e r a r t e r i a l e s  s i s t o l i c a  y d i a s t o l i -  

c a  y la:. p r e s i o n e s  r e g i s t r a d a s  p o r  e l  m o n i t o r  h i t a c h i .  S imi-  

l a r m e n t e  l a  e s t i m a c i f i n  c a r d i a c a  e l e c t r o c a r d i g r a f i c a m e n t e  compu- 

tada .  Y e l  dado p o r  f.1 : ' :onitor h i t a c h i  f u e r o n  s i g n i f i c a n t e m e n -  

t e  c o r e l a c i o n a d o  ( p  menor que L l .LIO1) .  La p r e s i ó n  sanguinea  f u k  

d e s e s t i m a d a  p o r  una medida d e  - 1 2  mmHg y . t e n d i e n d o  a ser  más 

e r r n n e o  cuando l a  pres i f in  a r t e r i a l  f u é  mayor 150 mm Hg. E s t o s  

r e s u l t a d o s  son cornparables a los más c a r o s  m o n i t o r e s  d e  pulso  

y p r e s i ó n  sanguinea .  

Concluimos que e l  i n s t r u m e n t o  puede r e p r o d u c i r  una s a t i s f a c -  

t n r i a  e s t i m a c i o n  de l a  razón-  corazón  y p r e s i ó n  sangufnea .  

Y puede s e r  de uso p a r t i c u l a r  cuando e l  cambio dr p r e s i ó n  san-  

g u i n e a  e s  de i m p o r t a n c i a  p r i m a r i a ,  a n t e s  que una medic ión ab- 

s o l u t a .  

( f te fmrenc ia  R ) .  

En s i  l o s  p a c i e n t e s  y a n i m a l e s  en exper imento  puecen s o b r e -  

v i v i r  muchas h o r a s  con una p r e s i ó n  a r t e r i a l  media de 4 0  a 50- 

mm Hg y r e s p o n d e r  rapidamente  a l a  r e s t a u r a c i ó n  d e l  vfilumen 

sanguine0  s i  malos  e fec to : : .  

E n  s i  e 1  t iempo h i p o t e n s i d n  p o r  (PCS) como s e  d e s c r i b i o  d4- 

be r e s e r v a r s e  s i  l a  p r e s i ó n  snaguínea  s e  e s t a b i l i z a  en u n  n i -  

v e l  muy b a j o  ( e s  d e c i r  p o r  d e b a j o  de 6 0  m m  H g ) .  
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Si los s i t e m a s  de cnm e n s a c i ó n  comienzan ha f a l l a r  y l a  p r e -  

s i ó n  a r t e r i a l  no s e  s o s t i e n e .  l l e g a  ha p r o d u c i r s e  un e s t a d o  

p a t b l o ~ i c o  de h i p o t e n s i ó n  l lamado " h i p o t e n s i b n  c n n  p e r d i d a  

de si inqre con descornp~!nsacibn" y desenihoca a u n  choque hipovo- 

l e m i c o  ( t r a t a d o  p n s t ~ r i o r m e n t s ) .  

DESH r i ) H w r  I\ 

La p e r d i d a  e n  grnades  c a n t i d a d e s  de los l i n u i d o s  d e l  o r g a n i s -  

mo ya  s e  debido  a l  c h l e r a ,  quemariuras.. enfermedades de addison 

p é r d i d a  de agua e t c .  conduce a una r e d u c c i ó n  d e l  vfilumen de 

plasma. 

La h i p o t e n s i ó n  das1iic:remie se c a r a c t e r i z a  p o r  aumento de l a  

v i s c o s i d a d  de l a  s a n g r e ,  en l a s  c i f r a s  h e m a t o c r i t 0  debido  a s u  

c o n c e n t r a c i ó n  de l a s  c é l u 1 a s . y  do l o s  e l e m e n t o s  sanguineos .  

SECUESTRO O ECTAP1CAI*"~IEI.iTO DE LI:;IJIDn!5 

C a s í  t r e s  c u a r t a s  p a r t e s  d e l  t o t a l c i d e l  vólumen sanguíneo  e s -  

t a n  c o n t e n i d a s  normalmente d e n t r o  de l a s  v e n u l a s  conductos  ve- 

nnsos  y los raser 'dr i r ins  vi, ri: s. S i  una g r a n p a r t e  d e l  s i s t e m a  

venosn aumenta s u  cppac ided repent inamente .Gran c a n t i d a d  de i n -  

p o r t a n e i a  d e l  vólument t n t s l  d e  s a n g r a  p o d r i a  sei '  s e c u e s t r a d o  

o p o d r l a  e s t a n c a r s e  ( S e c u e s t r ' i  F:E f i ,\plrado p a r a  d e n o t a r  una urlen- 

t o  ,:F' s a n g r e  en lo:. cnnductos  v a s r u l a r e s  e n  l o s  c u a l e s  pnr.'r€a 

f1.u:i .r  n n n  l a  s a n g r e  hacia a d e l a n t e ) .  

~1 s e c u e s t r o  n rstancamiiznto  de s a n g r e  prnbablemente  asume 

viucha . . n p i r t ; i n c i a  en a prnducc i6n  de ec,!;a::os semF. jantes a i  d e l  

chnnue por t raumat is .va ,  p e r i t o n i t i s  n F'n s indrames  d e  machaca- 

mento. 

A i l ! . q u e  tarnhiEn ~1 e s t a r  d e  p i e  i ;ucho  tiempo q u i e t o  ( f o r m a c i é n  

l i i l i - t a r )  hace  que u < i . i ~ n t e  l a  a c u m u l ñ c i b n  de s a n g r  F n  l o s  v a s o s  

e n  d e c l i v e  predisponiando una c a i d a  de l a  priis r5n a r t o r i a l .  

: s i i f i c  , ' e n t e  p a r a  p r o r ' u c i r  h i i a t i n i a .  

xc; s e  t i e n e n  métodos adecuados p a r a  l a  d P t e r m i n a c i 6 n  de l a  

cant3 d a d  d e  sangrrA en d i f ~ r e n t e s  p a r t e s  dF1 nrrjaniomo. 
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l o s  c fa toc  d e  l a  f r p c u e n c i a  que o c u r r e ,  l a  m p o r t a n c i a  y . , a  

c o n t r i b u c i ó n  d e  e s t e  rnecani .srnnala h i p o t e n s i ó n  s n n  cnmplstamrnte  

i n s  u f i r :  i e n t  e s .  

TRAU?1AT I CKO C 

T r a u m a t i s m o s ( h e r i d a s ,  t r a n s t o r n o s  causados  p o r  e s : o s ) , e s  un 

t l o r m i n n  'io e s p e c i f i c o  y l o s  e f e c t o s  de l a s  l e s i o n e s  s n n  t a n  

e x t e n s o  s y v a r i a d o s  que n i g u ü n  mecanismo f u n c i o n a l  Único pue- 

de nombrarse como c a u s a  i n i c i a l  de l a  h i p o t e n s i ó n  r e s u l t a n t e  co-  

mo s e  expoiidra nseguida .  S i  hay una h e r i d a ( :  y l a  s a n g r e  e s c a p a  

d e l  s i s t e m a  v a s c u l a r  a los t e j i d o s  o h a c i a  a f u e r a  d e l  cuerpo 

produce ,  

a) D i s m i n u c i ó n  d e l  vólumen de s a n g r e .  

b) €1  dano a l o s  c a p i l a r e s  puede c o n d u c i r  a p e r d i d a s  de p l a s -  

ma que s e  acumula en l o s  t e j i d o .  

c )  D i s t e n s i ó n  v a s c u l a r  y l a  hiperemia  ( e s  la c o n g e s t i ó n  sanguf- 

nea en u n  6 r g a n o ) e n  l a s  p a r t e s  que han s u f r i d o  l e s i o n e s  que con- 

duce a u n  s e c u e s t r o  o acumulación de s a n g r e .  

d )  E l  hemoper icardio  puede p r o d u c i r  comprensión v e n t r i c u l a r  

on a l g u n o s  c a s o s .  

e )  La r e g u l a c i ó n  autónoma d e l  corazón  y l o s  vasos  p e r i f e r i c o s  

pueden t r a n s f o r m a r s e  p o r  l a  d e s c a r g a  masiva do l o s  n e r v i o s  son& 

t i c o s  y v i s e r a l e s  a f e r e n t e s .  

f) v a s o d i l a t a c i o f i  de l o s  t e j i d o s  donde s e  produjo  10 l e s i ó n  

polsde t e n d e r  a r e d u c i r  l a  r e s i s t e n c i a  p o r i f e r i c a ,  y ot ros  n e c a -  

nismos pueden c o n t r i b u i r  en a l g o  a l a  h i p o t e n s i f i n  d e s p u é s  de l e -  

s i o n e s  v a r i a d a s .  

CflMPRECION C A R D I A C A .  

La  r á p i d a  acumulación de s a n g r e  o l í q u i d o  en e l  saco p e r i c a r -  

d i a c o  puede s e r  c o n s i d e r a d a  como u n  fenómeno que o b s t a c u l i z a  l a  

d i s t e n s i d n  v e n t r i c u l a r  y e v i t a  l a  r e p l e c c i 6 n  d i a s t o l i c a  v e n t r i -  

c u l a r  normll.  

En t e r i r i a  l a  co l ipres idn  e x t r a c a r d i a c a  p r o d u c e :  

a) Disminuci6n d e l  vólumen v e n ' r i c u l a r  n i s t o l i c o  y d i a s t o l i c 0  

b)Reduco vdlumen p o r  l a t i d o .  

c )  qaja  el g a s t o  c a r d i a c 0  a p e s a r  de l a  t o q u i c a r d i a .  



.. . 

La h i po t ens i ón  a r t e r i a l  g e n e r a l  s e  p resen ta  cuando l a  disminu- 

c i 6n  di , ]  g a s t . ~  c a r d i a c o  no s e  v e  compensada en forma adecuada 

p o r  e l  aumento d e  r e s i s t e n c i a  p e r i f e r i c a  t n t a i .  

I NS UF I C I E N  C I A Cn I?@ A H  I A 

~1 i n f a r t o  m ioca rd i co  ar,ude puede pror!ucir g r a v e  y un  mo r t a l  

h i p e r t enc i dn  a r t e r i a l .  Los  ohs t a cu l o s  a gudos  que s e  p r esen ta  a 

l a  i r r i g a c i f i n  en una r e g i ó n  impor tante  riel rn iocard ico  producen: 

a)  ReduccilSn de l a  expuls i f in  , ; e n t r i c u l a r  y vólumen po r  l á t i d o  

b )  Reducción de l a  e f i c a c i a  de l a  p a r t e  m ioca rd i ca  no a f e c t a -  

da. 

c )  Reducción d e l  g q s t o  c a rd i a co  a pesa r  d e l  aumento d e l  vo lu-  

men y l a  t a qu i c a rd i a .  

Aparece u n  cuadro c l l n ~ c n  de choque más comple to  d e  compensa- 

c i dn  e s  a c t i v a d o  a l a  disininucifin de l a  p r e s i dn  a r t e r i a l  gene- 

r a l .  

1 DESEIJLJ I i- I R A I O  AUTO  h!OlYU 

E 1  s i s tema n e r v i o s o  autónomo d e l  s impa t i co  a f e c t a  directamen- 

t e :  

a) Vnlumen p o r  l á t i d o  (ac tua  sobre  e l  m i o ca rd i o )  

b )  Frecuenc ia  c a rd i a ca ( a c tus  sob re  el r e gu l ado r )  

c )La  r e s i s t e n c i a  p e r i f e r i c a  ( a c tua  snbre  l o s  vasos  p e r i f e r i c o s ?  

8 .  De c r e c im i en t o  de l a  p r e s i ó n  m r t e r i a l  i nduc ido  por  descarga  

d e l  s impa t i co  seg , . idn de l a  admin i s t rac i ón  d e l  f a c t o r  nu t r iu rc -  

t i c o ,  para  cnmpencar e s t a  a c c i ón  n u t r i u r e t i c a .  

Ratas c o n s i e n t e s  SHR ywKY con una i n f u s i ó n  d u r a n t e  7 d f a s  con 

ANF(Arg 102 - T y r  1%6)1Uüng/hr/rata. p o r  mediode una bomba m i n i -  

osmat i ca  y su  p r e s i ó n  sangulnea hasa l  ( B P ) .  Cambien en l a  excre -  

s i 6n  d e  s o d i o  y ca t eco l aminas  u r i n a r i a s  cnmparadas con l o s  u l t i -  

mos Oias  de l a  i n f u s i ó n .  E1 SHR i n i c i a l  BPdo k 8 1 - 3  m m  Hg se de- 

c l i n a  gradualmente a 137-  5 mm Hg. Cambio no s i g n i f i c a t i v o  en l a  

p r e s i ón  sanguínea observado en e l  ANF, in fus ido  en e l  grupo de 

Wy. S i n  embargo l a s  ratas(WKY) e x h i b i e r o n  un incremento  de so- 

d i o  y l a  razón dnpcminaf no r ep i r ep r i na  cuando s e  coninacFirnn ra-  

t a s  con in fus f rSn  simulada. 

( R e f e r e n c i a  15 ) .  
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En s i  e l  d e s e q u i l i b r l o  autfinomo se c o r a c t e r i z a  p o r  h f a d i -  

c a r d i a  y v a s o d i l a t a c i ó n  r e g i n n a l c a u s a n d o  l a  h i p o t e n s i ó n .  

s i  el d e s c n u i l i b r i o  es t r a n s i t o r i o  produce - ] a r d i d a  b r e v e  

de c o n c i e n c i a  pero  r a r a  vez produce h i p o t e n s l o  prolongada n 

s i n t o m a s  t i p i c o s  de choque. 

s i  e l  d e s e q u i l i b r l o  e s  yrave  por e jemplo l e s i ó n  c r a n e a l  pue- 

de p r o d u c i r  e s t a d o s  s e m e j a n t e  a l  choque que s e  c a r a c t e r i z a  por 

pro longada  y p o r  h i p o t e n s i ó n  a r t e r i a l  g e n e r a l .  

\I ASO D 1 L A T  A C I  O N PER 1 FE RI CA 

La r e d u c c i b n  d e  l a  r e s i s t e n c i a  p e r i f e r i c a  t o t a l  es  l a  c a u s a  

p r i n c i a p ñ l  q u e  p r n d u c ?  h i p n t ~ n c i n n  i : : ~  gran núre ro  ijn e s t a d o s  

c : i f n i c o s  ( p e r i t o n i t i s ,  l e s i o n e s  p o r  m a c h a c a m i e n t o y a n a f i l a x i a )  

que s e  c a r a c t e r i z a  por gran  v a s o d i l a t a c i ó n .  

Como a c t u a  e l  cuerpo  Fín e s t o s  c a s o s ,  e s  e l  aumento de g a s t o  

c a r d i a c a  como e n  e l  e j e r c i c i o ,  y l a  vaso c o n t r i c c i 6 n  en o t r a s  

T A C  i n  ne s. 

La c n n t r i . h u c i 6 n  de l a s  v e n a s ,  a r t e r i a s  o t c ,  en l o s  cambios d e  

vólumeny cambios d e  r e s i s t e n c i a  a l a  s a n g r e  p o r  u n  p u l s o  de 

ii p (o d a n c  i a elect r i ca . 
Lfn p u l s o  de i m p e d a n c i a ,  r e g i s t r o  no i n v a s i v o ,  t i e n e  c o n t r i b u -  

c i o n e s  p a r a  ambos cambios  en vdlumen sanguíneo .  De l a s  a r t e r i a s  

y para  e l  cambio de r e s i s t e n c i a  o t r o s  r e c u r s o s  son s e g u r o s  pa- 

r a  c u a n t i f i c a r  l o  r e l a t i v a  c o n t r i b u c i ó n  y t i e n e  o t r a  subes t ima-  

c i f i n  p a r a  e s t i m a r  l a  c o n t r i b u c i ó n  seguro  que no e s t i m u l a  l a s  

c o n d i c i o n e s  f i s i n l o g i c a s .  idosotros tenemos usado u n  s i s t e m a  

de f l u i d o  c i r c u l a t o r i o ,  p a r a  c o n d i c i o n e s  s i m u l a d a s  f i s i o l n g i c a s  

y c u a n t i f i t : a d a s  o s t a n  dos c o n t r i b u c i o n e s  : n o s o t r o s  ha l lamns  

que e l  c i m b i o  r e s i s t i v o  co ic t r ibuye  b a s t a n t e  (21 .51% en l a  con- 

t r i h u c i d n  d e l  cambiode vólumen a r t e r i a l  p a r a  cambiar  a l a  morfo- 

l o g i a  de u n  p u l s o  de impedancia .  Esto o6 s i e m p r e  una d i f e r e n c i ~  

e n t r e  faseti. 

C o n t r i b u c i o n e s .  Esto as el r e s u l t a d o  d e  l a  c o n t r i b u c i ó n  de l o s  

cambioa de  r e s i s t i v i d a d  para  caos pu&sos a l t o 8  de impedancia  

que puede ser  u n  5.5% . 
f R e f e r e n c i a  1 3 ) .  
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8s d e c i r  estos e s t o d o s  c l r n i c o s  detien ser  acompañadns p o r  

oxtrema t a q u i c a r d i a  y aumento d e l  g a s t o  c a r d i a c o  pern l a  d i s m i -  

nucion de l a  r e s i s t e n c i a  p e r i f e r i c a  t o t a l  p o r  vaso  d i l a t a c i d n  

e s c a s a  uasn c o n s t r i c c i ó n  compensadora o i.n o b s t a c u l o  con gran  

aumento d e l  g a s t o  c a r d i a c o  h a c e  l a  r e d u c c i ó n  s o s t e n i d a  d~ l a  

p r e s i d n  a r t e r i a l .  

C O N S E P E Y C I A C  1)E LA HIPCITEKCION 

Cniiio EE menciono,  en l a  h i p o t e n s i ó n  d e s c i e n d e  e l  g a s t o  c a r d i a -  

co  e s t e  disminuye t a n t n  que l o s  i . e j i d o s  c o r p o r a l e s  no pueden 

r e c i b i r  r i e g o  sanguineo  s u f i c i e n t e  l o  que s i g n . ( f i c a  que no s e  

puede a l i m e n t a r  s u f i c i e n t e m . n t e  n i  e l i m i n a r  adecuadamente l o s  

p r o d u c t o s  de deshecho .  Todo e s t a d o  que puede d i s m i n u i r  e l  gas -  

t o  c a r d i a c o  a o t r o a s  m u y  ba j a s  puede c a u s a r  choques c i r c u l a t o r i o .  

~1 choque c a r d i a c o  puede o c u r r i r  por  d e b i l i d a d  d e l  corazón  

o l a  d i s m i n u c i ó n  d e l  r e t o r n o  venoso y se  c l a s i f i c a  en : 

a)  Choque c a r d i a c o .  

h )  choque p o r  r e t o r n o  venoso d i s m i n u i d o .  

CHOíJ IE  CAi iL l1AT.O.  

Es una i n s u f i c i e n c i a  d e l  g a s t o  c a r d i a c o  b a j o  que s u e l e  ocu- 

r r i r  inmedia tamente  después  d e  a t a q u e  c a r d i a c o  g r a v e ,  ( i n s u f i -  

c i e n c i a  c o r o n a r i a  , con p r e s i ó n  c a r d i a c a ) . q u e  t r a e  c o n s i g o  d i s -  

m i n u c i h n  enorme de la c a p a c i d a d  d e l  corazón  de emplear  s a n g r e .  

C n n  f r e c u e n c i a  e l  p a c i e n t e  muere a n t e s  de que el. corazón r e -  

comienze a r e c u p e r a r s e .  

CiiílQtiE P O R  D I S M l . N U C I n N  DE HETORNO V E N O S O  

los f a c t o r e s  riue hacen q u e  dic i n u y a  el r e t o r n o  smnguíneo a 1  

corazdn con r e s u l t a n t e  choque son:  

a ) D i s m i n u c i ó n  d e l  vfilumen sangulneo  ( d e s h i d r e m i a ,  p e r d i d a  con- 

s i d e r a b l e  d e  s a n g r o ) ,  que produce choque hidnvnlemico.  

h )  Aumento d e l  l e c h o  v a s c u l a r  e s  d e c i r  V a s o d i l a t P c i o n p e r i f e r i -  

ca ~ I u e  producn choque p o r  e x t a s i s  venoso ( s e c u e s t r o  o e s t a n c a n i e n -  

t o  d o l  l l q u i d n ,  h i p s  r m i a  r e a c t i v a ,  h i p e r e m i a  t o x i c a ,  vaso 

d i l a t a c i f i n  p e r i f e r i c a ,  t raumaticmo.  



CHDQUE h'El lAPGENíJ  __._ - d n s ~ q u i l i b r i o a u t ó n o m o  

CYOíJUE ANAFII.AFTIC0 h i p  e remia a l  e r g i  c a  . 
E n  s i  el choque neuror-jeno y e l  a n a f i l a f t i c o  s e  i n c l u y e  d e n t r o  

choque por e x t a s i s  venosa p e r o  s e  d i v i d i e r o n  p a r a  m o s t r a r  l a  c 

c l a s i f i c a c i ó n  de. l a  c a u s a .  

C H f l Q i J E  HI POV3L E M T C O  

Deponde d e  l a  p e r d i d a  de s a n g r e  que h a c e  d i s m i n u i r  e l  vólu- 

men s a n q u l n e c  (hemorragfa  i n t e n s a .  p e r d i d a  d e  l f q u i d o s  o s i n d r o -  

me d e  machacamento)y e1 corazdn no r e t o r n a  suficiente vdlumen 

s a n g u i n e o ,  produciendo e l  d e s c e n s o  d e  p r s s i d r l  y choque. 

CH!;)LIE !>OF( IXTASIS VF.!dflSA 

se s u s i t a  s i  los v a s o s  p i e r d e n  s u  t o d o  vasomotor ,  su diame- 

t r o  aumenta, l a  s a n g r e  s e  e s t a n c o ,  el r e t o r n o  venoso es e s c a -  

s o ,  b a j a  l a  p r e s i d n  y s e  s u c i t a  choque. 

C Híl QiJ E NE LI 110 G EP: i7 

Es causado p o r  l a  s u p r e s i ó n  b r u s c P  d e  i m p u l s n s  s i m p a t i c o s  

d e 1  s i s t e m a  n e r v i o s o  c e n t r a l  a l  v a s c u l a r  p e r i f e r i c o  p e r d i d a  

d e l  t m n n  vasnm?tor ,  de aunento d i 1  r e t o r n o  \;enos y l a  prer-ifiri 

t ? n  el a p a r a t o  c i r c u l a t o r i o .  E l  desavenirniento  emocional  es 

e jemp lo  de e s t e  t i p o  d e  choque. 

CHO!JII!; Ab!AFILAFT I C 0  

Es l a  e x t a s i s  venosa  c ~ u s a d a  p o r  r e a c c i ó n e s  a l e r g i c a s ,  s i  

una p e r s o n a  es  a l e r g i c a  a una s u b s t a n c i a ,  l a  r e a c c i b n  produ- 

c e  l i b e r a c i ó n  d e  o t r a s  substancias que desencadenan e l  es ta -  

do d e  choque. Una d e  e s t a s  s u b s t a n c i a s  e s  l a  His lamina  que 

h a c e  d i l a t a r  los v a s o s  s a n g u i n e o s  causando la e x t a s i s  veno- 

s a  y d i s m i n u c i ó n  d e l  r e t o r n o  sanguineo  q u e  conducen r a p i d a -  

mente a l  choque a n a f i l a f t i c o .  E n  la a n a f i l a x i a  l a  rapide:  

d e l  e s t a n c a m i n n t n  venoso o c u r r e  t a n  r a p i d o  q u e  e l  p a c i e n t e  

muere  a n t e s  d e  i n i c i a r  e1 t r a t a m i e n t o .  

Cada uno d e  l o s  a n t e r i o r e s  e s t a d o s  d e  choque p r n s e n t a  d i -  

f e r e n t e s  e t a p a s  d e  gravedad . 
[.as e t a p a s  d e l  choque son :  

a )  Choque compensado.- E s  cuando e s  muy l i g e r o ,  p n r  In 

que los d i v e r s o s  s i s t e m a s  d e  compensación puedr!n manteni?r l a  

a r e s i ó n  s a n g u i n e a  y e l  r i e g o  d e  s a n g r e  recuperando rapidamen e - 
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s u  e s t a b i l i d a d  e l  p a c i e n t e .  

b )  Choque p r o g r e s i v o . -  S i  es mas i n t e n s o  c o n t i n u a r a  em- 

peorando e 1  p a c i e n t e  e n  e s t e  c a s o  de choque. 

c )  Choque i r r e v e r s i h l e  .- l a  gravedad es t a l  que eJ. pa- 

c i e n t e  s i  es que s i g u e  v i v o  n i n q u n  medio t e r a p e u t i c o  podre 

s a l v a r l o .  

A h o r a  c i t a r e m o s  a l q u n o s  t r a t a m i e n t o s  d e l  choque en f u n c i -  

ñ n  de las e t a p a s  a n t e s  d e s c r i t a s .  

TRATAMIENTOS DEL C3UL!llE. 

Choque c a r d i a c a . -  C o n s i s t e  en aumentar l a  e f i c i e n c i a  pro-  

pulsara c a r d i a c a  no s i e n d o  f e c i l ,  muriendo u n  8 5 %  de l a s  

p e r s n n a s .  

Llna ayuda s e r i a  a d m i n i s t r a r  n o r a d r e n a l i n a  p a r a  aumentar la 

p r e s i ñ n  a r t e r i a l  mediante  v a s o c o n s t r i c c i ó n  d e  l a s  a r t e r i o l a s  

p e r i f o r i c a s  que a s u  V P Z  fomenta mayor f l u j o  d e  s a n g r e  p o r  

la:; c o r o n a r i a s  h a c i a  e l  m i o c o r d i o .  

Choque hipovo1emico.- el volumen puede aumentarse  p o r  

t r a n s f u c i ó n  d e  s a n g r e ,  a d m i n i s t r a c i ó n  de plasma o una s o l u -  

c i ó n  s a l i n a  i s n t o n i c a  i n c l u s n .  s i  e1 p a c i e n t e  e s t a  c o n c i e n -  

t e .  Puede d a r s e l e  agua y a  que est.e s u f r e  una sed  i n t e n s o  

que l o  o b l i g a  a betier .  U e  e s t a  manera aumenta is p r e c i ó n  que 

aumenta r i  r e t o r n o  venoso y a l i v i a  e1  choque. 

Choque neuroyeno y a n a f i l a f t i c n  .- Como l a  c a u s a  p r i n c i -  

p a l  es l a  e x t a s i s   venos^ s e  a d m i n i s t r a r a n  fármacos  de c s t i -  

mulo a l  s i s t e m a  n r r v i o s o  s i m p a t i c o  que causen  v a s o c o n s t r i c -  

c i l ln  con l o  que sf: n t j l i g a  a l a  s a n g r e  r e t o r n a r  a l  c o r a z ñ n ,  

aumentando l a  p e e s i ó n  a r t e r i a l .  

V A H I A C Z U N E S  F V  LA EVOLUCI[It Y TEAMTNACIUN 11E LA HIPCTENCION 

E n  z i  t e o r i c a m e n t c  l a  e l i m i n a c i o n  e f i c a z  d e l  f a c t o r  n f a c -  

t o r e s  que i n i c i a r o n  l a  h i p o t e n c i n n  a r t e r i a l  g e n e r a l  pueden 

v o l v e r  l a  p r e s i ñ n  a r t e r i a l  a n i v e l e s  normales  y r e s t a u r a r  

l a  s a l u d  nnrmal ,  s i n  embargo l a  e x p e r i e n c i a  ha demostrado 

que l a  mayor p a r t o  : < e  los t i p o s  d e  h i p o t e n c i ó n  pueden s e r  de 

s u f i c i e n t e  grado y d u r a c i ó n  que pueden p r e s e n t a r s e  d e t e r i o r o  

y muer te  aun despues  de l a  d e s a p a r i c i ó n  d e  l o s  f a c t o r e i  i n i -  

c i a l e s  . 
Como u n  e j emplo  los p a c i e n t e s  que s u f r e n  h i p o t e n c i d n  por 



u--̂- 

... 

.. . 

I_. 

*. . 

.̂  . 

L "  

,. , 

.;. 

.-, 

pe rd i da  de  sangre  prolongada.  mejoran t r a n s i t o r i a m e n t e  des- 

pues de  l a  res taurac . i ón  del volumen sanguinl-o, y despues g ra  - 
dualmente c a e  a pesa r  de l o s  e s f u e r z o s  p o r  mantener e l  vo lu-  

men sanguineo p o r  l a  r e s i s t e n c i a  p e r i f e r i c a  y el. g a s t o  car -  

d i a c o  ( choqe  i r r e v e r s i b l e ) .  

La rap ida  adm in i c t r a c i on  de  medicamentos  pospon^? l a  pos i -  

b i l d a d  de  morir p o r  u n  mecanismo so lamente  para  s e r  s egu ido  

d e  o t r o  d i f e r e n t e .  Vo l v i endo  a l  e j emplo  d o  l a  h i po t enc i ón  

p o r  p e rd i da  de  sangre  pueden aparece r  t r e s  causas d i f e r e n -  

t e s  d e  r ap ida  suces ión .  

a )  p r o g r e s i v a  c a i d a  tie l a  p r e s i ó n  a r t e r i a l  aprisar de  l a  

r p s t au rac i dn  del volumen sanguineo y a g en t e s  vasnpresores .  

h )  paro  r e s p i r a t o r i o  

c) In t ensa  b r o d i c a r d i o  

E l  paro  r e s p i r a t o r i o  r e s u l t a r i a  de  una deprec idn  c e r e h r a l  

g r a v e  que son man i f e s t a c i one?  d e  l a  d i f u c i n n  c e r e b r a l  y apa- 

rpcen,  l a  p e rd i da  de  c onc i enc i a ,  r e f l e j o s  pup i l a r e s .  

La b r a d i c a r d i a  muy marcarla PS u n  p r o c e so  r e l a t i v a m e n t e  

f r e c u e n t e  como fenomeno t e rm ina l .  

c I Y c ii 1-0 s \I I c I o cu c E N  EL r:n L w 50 I.: I HI: ti L ATO H I r T E RM I N AL 

La reducc ión  d e l  f l u j o  canyuineo es e1 r e s u l t a d o  na tu ra l  

d t , l  g ran desenso de  l a  p r e s i d n  a r t e r i a l  g e n e r a l ,  l a  p r e s i ón  

a r t e r i a l  r educ ida  disminuye en forma c o r r e spond i en t e  e l  g r a  - 
d i e n t e  d e  p e r fu c i ón  a r t e rovenosa .  

E l  f l u j o  sangu ineo  c e r e b r a l  puede v e r s e  pr imord ia lmente  

d i sminu ido  p o r  e:ite mecanismo. Una d e  l a s  r espues tas  compen - 
sadorac  d e l a  h i po t enc i on  e s  l a  v a so cons t r i c c i nn  g e n e r a l i z a d a  

producirla pnr  l o s  r e f l e j o s  ba ro recep to rns  deb ido  a e s t o ,  el 

f l u j o  a t r a v e s  d e  l a  red e s p l e n a r i c a  ( d e  l a s  v i c e r e s ) ,  riflo- 

nos , l o s  musculos y l a  p i e l  es notahlwnente r rduc ida .  

La t a q u i c a r d i a  comppnsadora c on t r i buye  a l a  reduccinn d f l  

f l u j o  c o r o n a r i o ,  pn  s i  ningun t e j i d o  es t o t a l m e n t e  rpspeta-  

docuandn dieminuye el f l u j o  sanguineo. 

La i r r i g a c i b n  sanquinea de1  s i s t ema  n e r v i o s o  c e n t r a l  c s  

adversamente a f e c tada  p o r  l a  raduccidn de l a  presir in a r t e -  

r i a l  p o r  que l a  c i r c u l a c i d n  c e r e b r a l  no responde mucho a l a  

didminucibn d e l  f l u j o  sanguineo. 
Como s e  menciono l a  pronunciada reducc ibn  de l a  p r e s i 6n  
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a r t e r i a l  media debe en c o n s e c u e n c i a ,  p r o d u c i r  l a  c o r r e s p o n -  

d i e n t e  r e d u c c i d n  d e l  f l u j o  sanguineo  c ~ r e h r a l .  

El f l u j o  sanguineo  c e r e b r a l  inadecuado produce i n s u f i c i e n -  

c i a  de l o s  c e n t r o s  de r e g u l a c i d n  r e s p i r a t o r i a  r e s u l t a  n n  pa- 

ro r e s p i r a t o r i o .  

La a u t n r n i n f u c i d n  puede d e s a p a r e c e r  e l  tdno v a s o c o n s t r i c -  

t o r  c o m p e n s a t n r i n ,  l a  r e l a j a c i o n  venosa aumenta l a  capac idad 

venosa y e n t o n c e s  disminuye l a  p r e s i d n ,  de l l e n a d o  wentr i cu-  

l a r  y e l  g a s t o  r a r d i a c o .  iLa b r u s c a  a p a r i c i d n  de h r a d i c a r d i a  

~ u e d e  i n d i c a r  muy s e r i n  d e s e q u i l i b r i o  aut.onomo o c a u s a  de 

l a  d e p r e c i ó n  en e l  s i s t e m a  n e r v i o s o .  

!.a cnmbinacion de e l e c t o s  p o r  l a  h o j a  d e  p r e s i 0 n  mas l a  t e  - 
q u i c a r d i a  puede c o n d u c i r  i n s u f i c i e n c i a  m i o c a r d i c a  con c a i d a  

p o s t e r i o r  d e l  g a s t o  c a r d i a c 0  y r e d u r c i d n  t o d a v i a  de l a  p r e -  

s i d n  a r t e r i a l .  

A1 no haber  r e g u l a c i ó n  n e u r a l ,  s e  e x p r e s a  e s t a  como r e l a -  

j a c i d n  d e  l a  c o n s t r u c c i d n  compensadora, e s t a  d isminuye ,  e s t a  

didminuve d i r e c t a m e n t e  l a  p r e s i n n  a r t e r i a l  s i n  mayor reduc- 

c i d 6  riel. g a s t o  c a r d i a c o .  

Ahora s i  l a  c o n s t r u c c i n n  cumpensadora e s  muy i n t e n s a  y 

prolnnqada p a s a  d i s m i n u i r  d r a s t i c a m e n t e  el f l u j o  a t r a v e s  d e  

muchas r e d e s  v a s c u l o r e s  o c u r r e  que l o s  v a s o d i l a t a d o r e s  q u i -  

m i c o s  s e  acumulan y f i n a l m e n t e  au-nentan l o  s u f i c i e n t e  p a r a  

v e n c e r  e1 t o n o  c o n s t r i c t o r  que s e  p a r e s e  a l  de l a  h ipermia  

a c t i v a .  

C n n  ~ s t o  s e  o b s e r v o  que l o s  fenomenos t e r m i n a l e s  en l o s  

c a s n s  m o r t a l e s  en l o s  e s t a d n s  d e  choque pueden c o n s i d e r a r s e  

como u n  q r u p o  c i r c u l o  v i c i o s o s  p o t e n c i a l e s  aun s i n  t e n e r  

conecc i i in  e v i d e n t e  cnn l a  causa  n r i g i n a l  d e  l a  h i p o t e n c i b n  

a r t e r i a l  g e n e r a l  
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F i g .  12 .  Hipot,encidn a r t e r i a l  g e n e r a l  c o n  c i r c u l o  v i c i o s o  

A, a l g u n o s  e f e c t o s  f u n c i o n a l e s  d e  compensacidn a l a  h i p o t e n -  

c i ó n  a r t e r i a l  q e n e r a l  comprenden l a  r e d u c c i ó n  d e l  f l u j o  san- 

quineo  c o r o n a r i o  y c e r e b r a l ,  I n  mismo que la r e d u c c i ó n  d e l  

f l u j o  d e  l a  s a n g r e  p e r i f e r i c a  p o r  l o s  drqenos  n w l c e r a s  

más i m p o r t a n t e s .  

E ,  1.a h i p o t e n c i d n  g r a v ? :  y prolongada  puede p r o d u c i r  c i r -  

c u l n s  v i c i o s o s  que t ipndari  a d e p r i m i r  t o d a v f a  más e1 gas -  

t o  c a r d i a c n  n a p r o d u c i r  w a s o r i i l a t a c i b n  que h a c e  l a  hipo-  

t e n c i d n  p r n g r e s i v a m e n t e  más i m p o s i b l e  d e  s e r  t r a t a d a .  
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HIPEATENSION 

La h i p e r t e n s i f i n  ( a l t a  p r e s i ó n  s a n g u i n e a ) ,  s e  d e f i n e  como au- 

mento de l a  p r e s i ó n  a r t e r i a l ,  el l í m i t e  s u p e r i o r  cmnunmente 

a c e p t a d o  p a r a  la p r e s i ó n  a r t e r i a l  normal e s  de 140/90 mm Hg 

dehido a-que hay v a r i a s i o n e s  f i s i o l o g i c a s  p r e s i o n e s  s i s t o l i c o s  

s u p e r i o r e s  a 140 mmHg no s e  a s o c i a n  a h i p e r t e n s i ó n ,  s i n  embar- 

g o  la p r e s i ó n  d i a s t o l i c a  es  e1 i n d i c a d o r  mas i m p o r t a n t e  de l a  

p r e s i ó n  a r t e r i a l  a l t a  ( h i p e r t e n s i ó n ) .  

Como a l  p r e s i ó n  g e n e r a l  media,  aumenta con l a  edad el número 

d e  p e r s o n a s  que t i e n e n  c i f r a s  a l t a s  de p r e s i ó n  a r t e r i a l  de u n  

c i e r t o  n i v e l  ( 1 4 0 / 9 0 ) ,  es indidublemente  muy a l t o ,  pero s o l o  un 

pequeño p o r c e n t a j e  dP e s t a s  persnnaci,  l a  e l e v a c i ó n  de l a  p r e s i ó n  

a r t e r i a  va e v i d e n t e m e n t e  a s o c i a d o  a a lgún e s t a d o  p a t ó l o g i c o .  

La mayoria  de los c a s o s ,  e l  d e s a r r o l l o  de la h i p e r t e n s i ó n  no 

puede ser e x p l i c a d o  en l a  a c t u a l i d a d ,  en e s t e  caso l a  p r e s i ó n  

a r t e r i a l  e l e v n < a  e s  denominada h i p e r t e n s i d n  p r i m a r i a  o e s e n c i a l  

e s  d e c i r ,  sin.  c a u s a  d i s t i n t i v a  que haya causado su e l e v a c i ó n  

o que pueda i d e n t i f i c a r s e  f a c i l m e n t e .  

pa p r e s i ó n  a r t e r i a l  g e n e r a l  no e s  u n  e s t a d o  p a t ó l o g i c o  s i  no 

u n  s i g n o  ( e n t r e  v a r i o s  ) que es común a gran  v a r i e d a  de e s t a d o s  

f i s i o l o g i c o s  y p e t ó l o g i c o s .  Algunos p a c i e n t e s  pueden s e r  i d e n t i -  

f i c a d o s  en l o s  que l a  p r e s i ó n  a r t e r i a l  e s  el r e s u l t a d o  d i r e c t a  

de una c a u s a  e s p e c i f i c a  y puede s e r  a l i v i a d a  p o r  l a  s u p r e s l 6 n  

de e s t a  c a u s a .  

La  t a b l a  ( 3 )  p r e s e n t a  una d o s i f i c a c i ó n  e t i o l o g i c a  ( c a u s a s  de 

las enfermededes)de  l a  h i p e r t e n s i ó n ,  a c o n t i n u a c i b n  s e  e n l i s t a n  

l a s  d i f e r e n t e s  c l a s e s  de h i p e r t e n s i ó n .  

a) H i p e ! r t e n s i b i ~  e s e n c i a l .  

h )  H i p e r t e n s i ó n  r e n a l .  

c )  H i p e r t e n s i ó n  e n d ó c r i n a  (Hormonal) 

d )  H i p e r t e n s i ó n  neurogena. 

e )  H i p e r t e n s i d n  c a r d i o v a s c u l a r .  



TABLE 3 AN ETIOLOGIC CLASSIFICATION OF HYPERTENSION 
Y 
1, .4rl<,rioi Il>.,icr.IFnsio>i ielii,<itir>,i O / . Y ? S I < d , C  <,!!<I 

,!,<,s,riii<. blor><l ,"Pssir>,~si 
..l. I:+cntial hypcrtcnsiun 

I .  I.iibilti Iintermittcntl 
2, Established 1"iIxedi 

1. Kidney disease 
u. l i e i i a l  hypertension 

a. Glomerulonephritis 
b. Chronic pyelonephritis 
c. Congenital palycystic kidneys 
d. Obstvuctive uropathy 
e. Diabetic glomerulosclerosis 
f. Interstitial nephritis due to analgesics, 

e. Connective tiesue diseases. Derinrteritis 
guilt, hypercalcemia 

. 
nodosa, scleroderma, lupus erythematosus 

h. Renal tumor 
i. Renal amiloidosis 

b. Glucocorticoid exwss- viirious ~ i l u s e ~  of 
Gushing synrlriime ~ ~ ~ l r m a l ,  pituitary. 
ectopir Af"l'11 s)ndvomex, imwiiin tumors, 

3. Onil contnic~plivcs 
4. Condition associated with hypertension 

a. Acromegaly 
b. Thyroid disorders 

I 11 Myxedema 
121 Thyrotoxicosis. usually a cause uf 

systolic, not diastolic. hypertension 
D. Neurogenic hypertension 

1. Anxiety states I ? ,  
2. Intracranial disease 

a. Increased intracranial pressure 
b. Encephaliiis 
c. Diencephalic syndrome 
d. Lead encepha1opath.v 

3. Disturbances in vasomotor center 
a. Bulbar poliomyelitis 
b. Disturbances in vascular supply 

a. Transection of the card, transverse 
myelitis 

b. Polyneuritis 
c. Porphyria 

1. Preeclampsia 

4. Spinal cord and peripheral " e v e s  

E. Hypertension of coarctation of the aorta 
F. Hypertension of toxemia of pregnancy 

2. Eclampsia 
11. Syslolie Hypertension 

A. Caused mainly by an increased stroke output 
of the left ventricle 
1. Complete heart block 
2. Aortic regurgitation 
3. Patent ductus arteriosus 
4. Thyrotoxicosis 
5. Arteriovenous fistula 
6.  Paget's disease of bene 

the aorta 
1. Arteriosclerosis of aorta 
2. Coarctation of aorta 

B. Caused mainly by a decreased distensibility of 

La p res i6n  a r t e r i a l  e x e s i v a  por  causa de  l a  h ipe r t sns i dn  puede 

causar  r o tu ra  de vasos  sangufneos  c e r e b r a l e s  para  p r oduc i r  per- 

d ida  sub i t a  o t o t a l  d e l  conoc imiento  y movimiento(  apop l e g i a ) ,  

pn e l  r iRon  produciendo i n s u f i c i e n c i a  r ena l  y en o t r o s  p a r t e s  

pore p roduc i r  ceguera ,  so rde ra ,  a taques  c a r d i a c o s  e n t r e  o t r o s  

moles y cntrañando s ob r e  ca rga  en e l  cnrazón,  usando i n s u f i c i e n -  

c i a  ca rd iaca .  

A cnnt inuac ión  se  des c r i b en  l o s  t i p o s  d a  h i p e r t e n s i ó n  como f u n -  

c i ó n  anormal de l o s  mecanismos r e gu l ado r e s  y o t r o s .  



... 

Se hace  n o t a r  que e l  95% d e  l a s  h i p e r t e n s i o n e s  caen  en l a  l l a -  

mada h i p c r t e n s i ó n  e s e n c i a l  y e l  r e s t o  en l o s  o t r o s  t i p o s .  

YIPERTENSION ESENCIAL 

Es u n  t é r m i n o  a p l i c a d o  a l a  p r e s i ó n  a r t e r i a l  a l t a  que no pue- 

de s e r  a t r i b u i d a  a ningdna l e s i d n  e s p e c i f i c a .  como e s t a  s e  e l e v a  

p r o g r e s i v a m e n t e  con l a  edad l o s  p a c i e n t e s  que l a  s u f r e n  se  encusn- 

t r a n ,  d e  l a s  c u r v a s  de d i 8 t r i b u c i d n  en e l  extremo más a l t o  ( cur -  

vas  de f r e c u e n c i a  p a r a  cada e d a d ) ,  l a  h e r e n c i a ,  medio ambiente  y 

s e x o  pueden a l t e r a r  l a  magnitud h a s t a  l a  q u e  l l a e g a  a l a  p r e s i d n  

a r t e r i a l .  Genera lmete  e n t r e  más e l e v a d a  sea l a  p r e s i ó n  a r t e r i a l  

se  a c o r t a  l a  p o s i b i l i d a d  de s o b r e v i v i r .  E l  d o l o r  de c a b e z a  y e l  

v f r r t igo  son s i n t o m a s  comunes de e s t o s  p a c i e n t e s ,  y l o s  a c c i d e n t e s  

v a s c u l a r e s .  c e r e b r a l e s  ( T r o m b o s f s ) ,  son c o m p l e c a s i o n e s  f r e c u e n t e s .  

La p r e s i ó n  a r t e r i a l  g e n e r a l  e l e v a d a  conduce a h i p e r t r o f i a  d e l  

v e n t r i c u l o  i z q u i e r d o ,  h a s t a  i n s u f i c i e n c i a  c a r d i a c a  en e t a p a s  f i n a -  

l e s ,  en l a  h i p e r t e n s i ó n  b e n i g n a ,  l a  p r e s i d n  f l u c t u a  más amplia-  

mente de l o  normal pero  e l e v a n d o s e  p r o g r e s i v a  y l e n t a m e n t e  con 

l o s  aflos. 

E n  l a  h i p e r t e n s i d n  m a l i g n a  ( no muy f r e c u e n t e )  l a  p r e s i ó n  a l -  

t a  p r o g r e s a  rapidamente  l o s  cambios v a s c u l a r e s  c a r a c t e r i s t i c o s  

de l a  r e t i n a (  r e t i n o p a t i a  h i p e r t e n s i v a )  a p a r e c e  muy temprano 

i:n e s t a  f a s e  de la enfermendad y ,  l a s  f u n c i o n e s  r e n a l e s  s e  hacen 

rapidamente  i n s u f i c i e n t e s .  L’ 

La i n s u f i c i e n c i a  v e n t r i c u l a  i z q u i e r d a  o l o s  a c c i d e n t e s  v a s c u l a -  

r e s  c e r e b r a l e s  pueden c a u s a r  l a  muer te  a n t e s  de que l a  i n s u f i c i e n -  

c i a  r e n a l  l l e g u e  a d e s a r r o l l a r s e  p o r  completo .  

H I P E R T E N S I O N  ESENCIAL. ( CAUSAS) 

En s i  l a  c a u s a  de l a  h i p e r t e n s i ó n  ESW5Cial e s  comparable  p o r  

e jemplo  a i n t e r t a r  d e t e r m i n a r  l a  c a u s a  de l a  f i e b r e  en algGn 

grupo de p a c i e n t e s  a n t e s  de p e  l a s  c a u s a s  c o n o c i d a s  hayan s i d o  

e s p e c i f i c a m e n t e  e l i m i n a d a s .  

Grandes e s f u e r z o s  se han hecho p a r a  d e t e r m i n a r  l o s  mecanismos 

que pueden:; ser  r e s p o n s a b l e s .  ( F i g u r a  1 3 )  .._ . 

Casos  como l o s  s i g u i e n t e s  e j o m p l i f i c a n  e s t o :  .. . 

~.. ,, a )  H i p e r t e n s i d n  r e n a l  s i n  enfermedad d e l  r i í íon .  

. . ., b )  H i p ~ r t e n s i ó n  de n r i g e  s u p r a r e n a l  s i n  d i s t i n c i ó n  de l a s  
I . :  < s u p r a r e n a l e s ,  . 



c )  H i p e r t e n s i d n  i s o m o t o r s  en anormal idades  s i n  dañoar  el 
s i s t e m a  n e r v i o s o  c e n t r a l .  

d )  H i p e r t e n s i d n  v a s c u l a r  s i n  l e s i ó n  en el a p a o a t o  c i r c u l a t o -  

r i o .  

producen c o n t r o v e r s i a s  y c o n f u c i o n 9 s  s e m a n t i c a s  que han a r r o j a -  

dos poca l u z  sobre e s t o s  temas. 

C) CARDIOVASCULAR A) GLANDULA SUPRARRENAL 

lfeocromocltom.) 

J IENFERI 
DE CUS Aldosteron. 

\ 
NACL / 

F i g u r a  1 3 .  H i p e r t e n s i ó n  e s e n c i a l  l a  e v a i u a c i d n  de l a  p r e s i d n  

a r t e r i a l  g e n e r a l  es una c a r a c t e r i s t i c a  comun en muchos e s t a d o s  

d i f e r e n t e s  de p r o c e s o s  p a t 6 l o g i c o s  que comprenden l e s  s u p r a r e -  

n a l e s ,  l o s  r i ñ o n e s ,  e1 c e r e b r o  y e l  a p a r a t o  c a r d i o v a s c u l a r .  

Dei número t a n  e l e v a d o  de l a  p o b l a c i ó n  que p r e s e n t a  p r e s i ó n  

a r t e r i a l  g e n e r a l  e l e v a d a ,  solo una pequeña p o r c i ó n  su f r e  e s t o s  

d i s t i n t o s  p r o c e s o s  d e  enfermedad. E1 r e s t o ,  que e s  t a n  grande 

e s  d e f i n i d o  como h i p e r t e n s i ó n  e s e n c i a l ,  l o  q u e  s i g n i f i c a  que 

su c a u s a  no ha s i d o  tedcrminada.  



1 - A--.-- \ 

E x c l u s i ó n  de mecanismos e s t a n d a r  . 
En e l  i n i c i o  de l a  h i p e r t e n s i ó n  e s e n c i a l  de n i n g d n  mecanismo 

de l a  f i g u r a  13 ,puede  d e m o s t r a r s e  como fenómeno en o p e r a c i ó n  

pmrque e l  metabol i smo y e l e c t r n l i t r o s  e s t a n  en su n i v e l  normal 

el f l u j o  sangufneo r e n a l  y f u n c i o n e s  d e  l o s  r i ñ o n e s  son mormales 

l a  a r t e r i o s c l e r o s i s  no son mayores e n t r e  los p a c i e n t e s  y l a  

p r e s e n c i a  de l e s i o n e s  n e u r a l e s  no pueden d e m o s t r a r s e .  

La  a n g i o t e s i n a  puede p r o d u c i r  e s t a d o s  e s p o n t á n e o s  y expwrimen- 

t a l e s  d e  e l e u a c i á n  de  p r e s i ó n  pero s e  d e s c a r g a  e s t e  mecanismo 

p o r  l o  s i g u i e n t e  en l a s  f a s e s  i n i c i a l e s  de l a  h i p e r t e n s i ó n  mode- 

rada  en p e r s o n a s  de poca mdad l o s  r i ñ o n e s  p a r e c e n  normales  des-  

de e l  punto d d  v i s t a  a n t o m i c o - f u n c i o n a l  y c a n t i d a d e s  anormales  

r e n i n a ,  no s e  han encontrado  c n n s t a n t e m e n t e  en c a s o s  de h i p e r t e -  

s i 6 n  p r i m a r i a .  

p o r  Entro l a d o  en p a c i e n t e s  con i n s u f i c i e n c i a  c a r d i a c a  c o n q e s t i -  

va pued,an t e n e r  a l t o  n i v e l  de r e n i n a  s i n  t e n e r  h i p e r t e n s i ó n  

p o r  e s t o  es  que se  d e s c a r t a  que l a  r e n i n a  en c o n s e n t r a c i o n e s  que 

no puedenterminarae  s e a  la c a u s a  de l a  h i p e r t e n s i ó n .  

L A  h i p e r t e n s i á n  s i g u e  a la h i p e r t e n s ó n  
~~ 

Como l o s  p a c i e n t e s  que s u f r e n  h i p e r t e n s i ó n  e s e n c i a l  no mues- 

t r a n  c a u s a s  i d e n t i f i c a b l e s  de e l l a ,  su t e r a p e u t i c a  se  ha d i r i -  

g i d o  p r i n c i p a l e m e n t e  h a c i a  l a  r e d u c c i ó n  de l a  p r e s i 6 n  a r t e r i a l  

p o r  d i v e r s o s  medios ,  p e r o  l a  p r e s i ó n  a r t e r i a l  g e n e r a l  a l t a  a c -  

t u a  d e  modo p a r a  p r o d u c i r  aumentos t o d a v í a  mayores .  T e o r i c a m e n t e  

la p r e s i ó n  a r t e r i a l  g e n e r a l  e l e v a d a  producida  por c u a l q u i e r  cau- 

s a  que s e a ,  s e  c o n v i e r t e  en una enfermedad que s e  s o s t i e n e  asi 

mismo. 

M i c r o p r o c e s a d o r  - c o n t r o l  d e  i n f u s i ó n  de droga  p a r a  c o n t r o l  

autornat ico  de p r e s i ó n  sanguinea .  ( R e f e r e n c i a  7 )  

I J n  c o n t r o l  - m i c r n p r o c e s a d o r  d e  i n f u s i ó n  d e  bombeo es d e s c r i -  

t n  por e 1  c o n t r n l  a u t o m a t i c o  d e  h i p e r t e n s i c í n  o a n t i h y p e r t e n s i v o  

t r a t a d o  con s o d i o  n i t o p u s i c n ,  e l  s i s t e m a  requierm d e  c o n t i n u a s  

m o r i t n r e o s  d e  p r e s i ó n  sanguónea cnmn una s e ñ a l  de rmtrada a e1 

m i c r q p r o c e s a d o r ,  e l  l 6 t i r i n  r e g u l a  l a  p r e s i ó n  s a n g u i n e a  a l  n f v e l  

deceadn,  p ~ r  cambios de peso adecuado de i n f u s i f i i i  f r e c u e n t e .  

darlo i n t e n s i v o  y m i c r o c i r u g i a  b a i o  h i p e r t e n s i ó n  c o n t r o l a d a .  
E l  homheo d e  i n f u s i ó n  probablemente  s e a  m u y  v a l i s o  p a r a  c u i -  



Readaptac ión  d e l  mecanismo p r e s o r e s e p t o s  

S i  se aumenta l a  p r e s i ó n  a r t e r i a l  p o r  medio de e s t l m u l a c i o n  s e  

puede d e m o s t r a r  que l o s  p r e s n r e c o p t o r e s  p e r i f e r i c n s  mismos pue- 

den a d a n t a r s e  aun aumento s o s t e n i d o  de l a  p r e s i ó n  a r t e r i a l .  

S i  s e  d e j a  de e s t i m u l a r  l a  f r e c u e n c i a  c a r d i a c a  se a c e l e r a ,  l o  

que i n d i c a  que los mecanismo p r e s e r r c e p t o r e s  s e  han e s t a b l e c i d o  

a un n i v e l  más a l t o  y a c t u a n  p a r a  o b t e n e r  de nuevo e s t a b i l i d a d  

a l  n i v e l  más a l t o  de p r e s i ó n  canguinea.  

E l  c o n s e p t o  do r e a d a p t a c i ó n  d e l  mecanismo p r e s e r e c e p t o r  no cons-  

t i t u y e  una e x p l 5 c a c i ó n  s a t i s f a c t o r i a  d e  l a  e l e v a c i ó n  s o s t e n i d a  

de l a  p r e s i ó n  a r t e r i a l  p o r  que e s t á  t i e n d e  a d i s m i n u i r  a c i f r a s  

normales  dospu6.s de l a r g o s  p e r í o d o s  de t iempo cuando se  suprime 

e l  e s t í m u l o .  

A r t e r o o s c l e r o s l s  gel seno  c a r o t i d e n  

La rerjifin d e l  seno c a r o t i d e o  es u n  l u g a r  de p r e d i l e c c i O n  p a r a  

l a  o s t e r o e s c l e r o s í s .  E l  engrnsamiento p a t ó l o g i c o  y a ú n  l a  c a l c i -  

f i c a c i ó n  en e s t a  p a r t e  o c u r r e .  cuando en o t r a s  p o r c i o n e s  d e l  á r -  

hol a r t e r i a l  no son a f e c t a d a s ,  

S i  l a  pared d e 1  seno  c a r o t i d e o  SR hace  r i g i d a  p o r  e s t e  medio 

l a  c a n t i d a d  dnes t , i ramento  de l a  pared en c a s o s  p a r t i c u l a r e s  de 

l a  p r e s i e n s e  r e d u c i r i a  l i m i t a n d o  u n  e s t i r a m i e n t o  de los p r e s e p t o  - 
res  de defnrrnación de l a  pared p r o p i a  d e l  seno. Aún a s 1  l o s  n e r -  

v i o s  podrán r e s p o n d e r  a l a  compresión e x t e r n a  y s i  embargo. mos- 

t r a r  f r e c u e n c i a  r e d u c i d a  d e , , d e s c a r g a  después  de cambios  de p c e s i ó n  

e x t  e rna .  

---- VAah c o n s t r i c c i 6 . E  - qenera l -  

D i v e r s o s  mecanismos pueden i n t e r v e n i r  e11 una vaso  c o n s t r i c c i ó n  

g e n e r a l i z a d a  s u f i c i e n t e  p a r a  p r o d u c i r  h i p e r t e n s i á n  l a  e l e v a c i ó n  

d e l  tono  v a s c u l a r  s e  a t r i b u y e  a una f u e r z a  anormal e j e r c i d a  p o r  

e l  musculo l i s o  d e  l o s  v a s n s  que no quedan b a j o  a c c i ó n  i n m e d i a t a  

d e l  s i s t e m a  n e r v i o s o .  

L.a h i p e r t r o f i a  es una c a r a c t e r i s t i c a  prominente  de l o s  vasos  

de r e s i i t e n c i a  en p a c i e n t e s  que s u f r e n  h i p e r t e n s i ó n  r e p e t i d a  o 

c o n t i n u a  e l e v a s i ó n  de l a  p r e s i f i n  i n t e r n a  o p o r  aumentos i n t e r m i -  

t e n t e s  de l a  a c t i v i d a d  c o n s t r i c t o r e  d e l  s i m p a t i c o .  



- Inchazón v a s c u l a r  

E l  h inchamiento de  l a  pared a r t e r i a l  fu6 cons iderada  como una  

causa p o t e n c i a l  de  aumento de  l a  r e s i s t e n c i a  p e r i f e r i c a  puesto  

que e l  1 3 $  de  hinchazón de l a  pared a r t e r i a l  se v i o  q u p  hac i a  

aumentar la r e s i s t e n c i a  a i  f l u j o  en un 54% u n a  causa s e r i a  d e l  

aumento de l a  cnnsent rac ión  d e  s o d i o  y agua en l a s  paredes  a o r t i -  

cas. 

Las d i e t a s  h a j a s  en s a l  podran a l i v i a r  l a  h i p e r t e n s i ó n  reducien-  

do e& con ten ido  d e  l i q u i d a s  en l a s  predes  vascu la r es .  Entonces 

s e  d i r i a  e1 edema de l a s  paredes  v a s cu l a r e s  s e r i a  de  modo gene- 

r a l  e q u i v a l e n t e  a una h i p e r t r o f i a  modm-ada. 

- Hipe r t ens i6n  r e n a l  

Se i d e n t i f i c o  l a  r e l a c i 6 n  que e x i s t e  e n t r e  l a s  p r o t e í n a s  d e  l a  

o r i n a  y l a s  a l t e r a c i o n e s  p a t ó l o g i c a s  d e l  r iñon ,  con h i p e r t r o f i a  

de1 v s n t r i c u l o  i z q u i e r d o  y s e  d e s c r i b i o  imparc ia lmente  el aumen- 

t o  de  la r e s i s t e n c i a  p e r i f e r i c a  acompañada d e  a l t e r a c i o n e s  de  

l a s  func i ones  r ena l e s .  

La p r e s i ó n  a r t e r i a l  g e n e r a l  s e  e l e v a  en una gran numero d e  en 

fcrmedades r e n a l e s  ( d e  hecho c a s i  t o d a s )  también s e  i nd i can  en 

l a  f i g u r a  1 3  a lgunos  t rans to rnos .  

La e x i s t e n c i a  de  obs t a cu l o s  a l a  i r r i g a c i ó n  r e n a l  n compresión 

ext,erna d e l  pa rhqu ima  r e n a l ,  s e  pueden a s o c i a r  a l a  e l e v a c i ó n  

prpsit in a r t e r i a l  g ene ra l .  

5 e  t i e n e  nh t rucc i ón  u n i l a t e r a l  d r  l a  a r t e r i a  r e n a l  entonces  1. 

pres i f i n  puede s e r  aumentada, l a  ohs t ruc c i ón  puede ser causada p o r  

engrnsaminnto l o c a l  ( a r t a r e e s c l e r n s í s )  o c o n s t r i c c i ó n  loca ) ,  

cuando se  e l im ina  con e x i t o  l a  obs t ruc c i ón  o se  e x t i r p a  e l  r iñon  

a f e c tado .  

E n  g e n e r a l  s e  e s t a  de acuerdo que c u a l q u i e r  mecanismo que npo- 

n e  ohñtaculns  a l a  i r r i g a c i ó n  sanguínea d e l  parénquima puede es- 

p e r a r s s  que cause  e l e v a c i ó n  de  l a  p r e s i ó n  a r t e r i a l .  

E l  mecanismo op r e so r  Irenal puede a c t i v a r s e  p o r  d i f e r e n t e s  en f e r -  

medades r e n a l e s  ya que t rantornan el f l u j o  snaguínco r e n a l  de  un 

medio u o t r o .  Por c i t a r  a lgunas enfermedades como h i d r o n e f r i t i c ,  

le p i e l  o nr.fritis e n t r e  o t r a s .  La p i e l o n e f r i t i s  s e  asegura que 

produce o b l i t e r a c i ó n  y d e s t ruc c i ón  d e  l a s  a r t e r i a s  r e n a l e s  d e  di6- 
metrn pequeño, una o c l u s i ó n  a r t e r i e s c l e r o s a  de  l a s  a r t e r i a 3  r en i -  



.. 

l e s ,  puede s e r  o no cnmplicado con p i e l o n r f r i t i s  p o r  abundar 

de sus  e f e c t o s .  

H i p  e rt, e n s i ó  n ho r m  o n a 1 

E n  o c a s i o n e s  e x i s t e  d i s f u n s i f i n  de l a  g l á n d u l a  s u p r a r e n a l  por  

c a u s a  d e  tumores o e s t i m u l a c i ó n  e x c e s i v a  d e  los s u p r a r e n a l e s  

p o r  l a  h i p ó f i s i s .  

Una r a r a  forma de tumor en l a  mCdula s u p r i r e n a l  e s  e l  f e o c r o -  

mo c i t o m a .  Sucausa es p o r  l a  multip1: icacif in anormal  de c é l u l a s  

que producen u n  ademoma e n t o n c e s  l a  d - a d r c n a l i n a  y l a  noradrena-  

l i n a  que s e g r e g a n  normalmente son l i b e r a d a s  p e r i o d i c a m e n t o  pro 

duciendo h i p e r t e n s i o n  a s c e n d e n t e ,  p a l p i t a c i o n e s , d o l o r e s  d e  cabe-  

z a ,  ansicdad,temhlor,nauseas, v ó m i t o s ,  gran p a l i d e z  es  d e c i r  

e x i a a c i o n e s  d i r e c t a s  a l  s i m p a t i c o .  La p r e s i ó n  a r t e r i a l  s e  e l e -  

va i n t e r m i t e n t e m e n t e  con ~ i g n o s  y s in tnmas  d e  l i o e r a c i ó n  masiva 

d e  s u s t a n c i a  g r ñ n s m i s o r s  d e l  s i m p a t i c o  en a l g u n o s  p a c i e n t e s  l a  

pres i f in  a r t e r i a l  f l u c t u a  ampliamente pero queda p e r s i s t e n h e m e n t e  

e l e v a d a .  Nos h a s t a  d e c i r  que l a  e s t i r p a c i f i n  comple ta  d e l  tumor 

suprime l o s  a t a q u e s  s i n t o m a t i c n s ,  en a l g u n o s  p a c i e n t e s  en que l o s  

a t a q u e s  han s i d o  e l i m i n a d o s  q u i r u r g i c a m e n t e  su p r e s i ó n  permane- 

c e   levada despuAs d e  la e l i m i n a c i ó n  de su c a u s a .  

Tambi.Cn l o s  camhios de p r e s i ó n  a r t e r i a l  son o b s e r v a d o s  c o n s t a n  

t e m e n t e  en p a c i e n t e s  con enfermedades que a f e c t a n  l a  c o r t e z a  su- 

p r a r e n a l .  La h i p e r t e n s i f i n  se  p r e s e n t a  aproximadamenbe en el 85% 

de p a c i e n t e s  que s u f r e n  e l  sindróme de C u s h i n g  que c o n s i s t e  en 

s e c r e s i ó n  e x c e s i v a  de hormonas a d r e n o c n r t i c a l e s  y s e  o b s e r v a  en 

p r e c o s i d a d  s e x u a l ,  h e r m a f r o d i t i s m o .  v i r i l i s m n  en m u j e r e s  y femi- 

n i z a c i f i n  en homhres y obes idad.  

E n  e l  momento t o d a v i a  es i m p n s i b l e  i d e n t i f i c a r  l a  a n o r m a l i -  

dad que s e  p r e s e n t a n  en el. metabol ismo de e s t e r o i d e s  c n r t i c a l e c  

r e s p o n s a h l e  de l a  h i p n r t e n s i ó n .  
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Hipe r t ens idn  neu ro l oq i c a  

La presii5n a r t e r i a l  a l t a  va acnmpaKada de  d i v e r s o s  t r o n s t o r -  

nos h i b t o p a t o l o g i c o s  y f unc i ona l e s  d e l  s i s t ema n e r v i o s o  c e n t r a l  

t a l e s  como l a s  l e s i o n e s  cn r eh ra l e s .  tumores c e r e b r a l e s  y des- 

t r u c c i ó n  s e l e c t i v a  de  t e j i d o  c e r e h r a l  cnmo en l o s  casos  r a r o s  

( cnmo p o l i o m e 1 i t i s ) t r a n t n r n o s  p s i q u i a t r i c o s ,  h i p e r a c c i án  c s rd i o -  

v a s c u l a r  v e r  tahlm 3 ,  y f i g u r a  1 3  y pueden s e r  r e su l t adns  de  

daños produc idos  a p a r t e s  muy s e l p c i onadas  d e l  s i s t ema n e r v i o s o  

c e n t r a l .  

De s c r i p c i ón  de a lgunas cond i c i ones :  

Aumento de  p r e s i ó n  i n t r a c r a n e a l  --._- .- 

Las l e s i o n e s  e n c n f a l i c a s  o tumores c e r e b r a l e s  es t ra teg i camen-  

t e  c o l o cados  producen una e l e v a c i ó n  de l a  p r e s i ó n  d e l  l í q u i d o  

c e f a l o raqu i r i eo  d e l  s i s t ema n e r v i o s o  c e n t r a l  en tonces  l a  p r e s i án  

a r t e r i a l  genera: t i e n d a  a aumentar a medida que s e  e l e v a  l a  pre- 

s i á n  d e l  l í q u i d o  c e f a l o r auq i d eo .  

La e l e v e d i ó n  de l a  p r e s i án  a r t e r i a l  es deb ido  a l a  compresión 

d e l  t a l l o  c e r e h r a l  de una reg iOn hu lhar  que c o n t i e n e  l o s  c e n t r o s  

d e r e gu l a c i ón  c a rd i o va s cu l a r .  

L e s i one s  d e s t r u c t i v a s  a l g u n o s  pac i en t e s  que su f ren  p o l i m e l i t i s  

a g u d a  que comprende e1  t a l l o  c e r e b r a l  ( p a r a l i s i s  bu3,bar) p resentan  

i n t ensa  h i p e r t ens i ón .  

T r a  n 6 t o rn-o s p s i  q u i  a t r i  c o s 

Le  admisión muy nene ra l i z ada  d e l  e l cho  que l a  n x i t a c i á n  y o t r o s  

fact.nres p s i c  . , l n g i c o s  pumdpn infl.uir genera lmente  en l o s  n i v e l e s  

de le p r e s i o n  a r t e r i a l  g ene ra l .  

La o p i n i a n  a c t u a l  es u n  a c t i t u d  conservadnra c n b r e  I n s  r n s u l t a -  

dos  d e  l a  frecw.n:ia r':, '.li--.r ,, I . i ó n  en persones  n e u r o t i c a s  o 

con psicosis y F P  duda cnn rF!::pF:ci.n a e s t e  mecanismo como 

causa d n r n i n ñ n t e  d e  l a  h i p e r t enc i on  c rnn ico .  

Mec'irifin d i r e c t a  d e  pres idn  sanguTnoa; r i e 5 o  e v o luc i ón  tec -  

no lo r j i ca  y p r o h l ~ m a s  comunes. 

( Ref e r e n c i a  11) 

.̂ . 

I.. 
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S i n d  rom e d i  ence f  a l i c o  - 
Es causado p o r  e s t imu l a c i ón  d i f u s a  d e l  d i e n c é f a l o  humano 

y l o s  s i g n o s  y s intomas son: h ipe r t ons i ón ,  parches  de  earoje-  

s im i en t o  do l a  c a r a  y p a r t e  a l t a  d e l  t ó r a x  y ex t remidades  fi- 

nas y p a l i d a s  t a q u i c a r d i a  e h i p e r p e r i s t a l t i s a o .  

-_ H'pert .--.. e n s i f i n - c = r d i n v a s c u  

La pres ibn  a r t e r i a l  g e n e r a l  puede e l e v a r s e  cnmo r e s u l t a d o  

de u l . c e rac i oas  den t ro  d e l  apara to  c a r d i o v a s c u l a r  mismo. 

Transtornos  c a rd i o va s cu l a r e s  que provocan c l e v a c i o n  d e  l a  pre- 

s i ñ n  a r t e r i a l  quedan e j e m p l i f i c n d o s ,  cnmo cna r t a c i on  de l a  a o r t a ,  

l a  a r t e r i e s c l e r o s i s  g e n e r a l i z a d a  y l a  p p r i c a r d i t i s  nudosa ( f i g , 1 3 ,  

y t a b l a  3 ) .  

T a m h i e n  l l e g a  ha p s e sne t a r s e  c on t r i c c l f i n  de la a o r t a  t 6 I a x i c a  

como d e f e c t o  de  d e s a r r o l l o .  Se c a r a c t e r i z a  por  reducc ión  d e  l u z  

de  l a  a o r t a  eCin conducto de lgadn P impide  gradualmente el f l u -  

j o  d e  sangre  desde  e 1  a r c o  a o r t i c n  hasta  l a  a o r t a  d o r s a l  descen- 

d i e n t e  y d e s a r r o l l a n d o s e  conductos  c o l a t e r a l e s  pero  a pesar  d e l  

d O s a r r o l l o  d e  eston  conductos l a  p r e s i ó n  sanguínea usual, , lento 

se  encuentra  muy por  enr:ima de l a s  a r t e r i a s  g e n e r a l e s  y e l evan-  

dose  p o r  a r r i b a  d e l  s i t i o e n  que s e  presnata  la c o n t r i c c i ó n .  

La c o r r e c c i b  n u i r u r g i c n  de  l a  c o n s t r i c c i h n  a n r t i c a  v a  segu ida  

d e  r ap i do  descenso d e  l a  pres i f in  a r t e r i a l  que v ~ t e l v e  a c i f r a s  

normales ~ ~ S D U F ~ S  de  unos d í a s .  
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Instnimentos Cel ibradores de Fuerza po r  Alambres i Conexiones 

Un l a rgo  número de Irictrurnentos médicos que se  usan en l a  act- 

l i d ad  son l o s  **Transductores** de Fuerzas o de Alambres, nor e j e g  

plo: l o s  más usados con ca te te res  son de és te  t ipo .  

Calibredores de Fuerza en alambres son instrumentos o mecánis - 
m3s generalmente de wequeñas seza les  usados con c i r cu i t os  pre% 

-1 i f i cadores  de auente, un u o t ro  v o l t a j e  ex i tac ión  de cor r i ente  

d i rec ta  o cor r i ente  a l t e rna  Fueden s e r  usados m r a  e l  puente. 

La r e l r t i v a  ventaja d e l  uso de cor r i ente  a l t e rna  3 cor r i ente  di- 

recta ,  der?ende sobre l a  detallada señal y en las condiciones de 

diseño d e l  c i r cu i t o ;  l o s  cal ibr&doree de-hacer fuerza pueden sOr 

usados en todos los instrumentos en un mddelo garantizado y no - 
gar ntizado en o t ros  mddelos 

Al . 0.6 7 I 

1.1 

La  f i gu ra  muestra un d iseso  de un Dia,)ráma "Calibrador de Presión" 

u t i l i z ando  un cal ibri idor de hacer fuerza  no garantizado, l a  f i gu ra  

- b 
E l  cambho de r e s i s t enc ia  d e l  alambre es  causado -or trPs factoresr  

muestra un t i p o  garantizado. 

a) E l  cambio r e l a t i v o  en l a  longitud d e l  alambre bl/l 
b) E l  cambio r e l a t i v o  en e l  área de l a  secci'on de ?I 

campo MA 
c )  E l  cambio r e l a t i v o  en l a  r e s i e t i v i dad  d e l  alambre 

E l  cambio en e l  incremento de reqiafxialdad con fuerzas t ens i l e s ,  

es  ap l i cab le  a un alambre, s i  l a  I . dp  ( c )  es  pos i t iva ,  e l  cambio 

- . . .. .. . . __ ~ . . ~  .. . .... ~ . ~ . 
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E l  cambio r n  el area  d e l  a lambre  e s  r e l a c i onada  cnn el cam- 

b i o  pn e l  d iámetro  A A/ A 2 4 d / d ,  y ~1 cambio r r l a t i o o  en 

el d iámetro  es r e l a c i o andn  cnn e1 c a m L i o r e l a t i u o  de  l a  l o n g i -  

t u d ,  es ta  r e l a c i b n  es  p ropo r c i ón  de Po i s son ' s .  

~~ ~ 

Characteristics of Strain Gaps Materials 

Tcmprstuic Temperature Tenrile Modulurd . 

diCúbtivity, of expansion. factor, YD Y. Maximum Maximum 
cocmcient coefficient GPgC strength, C h S t i C i t Y .  

Mlteri.1 UR .E(XlO'*) nl, (pnaealr. X l W )  (pascals, x.1014) , & / I  U I R  

Platinum 0.0038 9 6 340 15 0.0423 0.014 
0.002d 0.005 Constantan -0.0002 to 14.8 2 410 I 7  

tO.OW2 
0.ow 13.2 2.5 690 19 0.0036 0.009 

0.007 5 A 170 620 19 0.0033 0.5 

Nichrome 

SUCO" 

Mercury in flcxibk tube 0.0009 30  2 

T a b l a  3 

La c a r a c t e r i s t i c a  de  v a r i o s  m a t e r i a l e s  que son usados en ca- 

l i b r a d o r e s  de  alambre  son l i s t a d o s  en t a b l a  3 e i n c l u y e  ac tua l -  

mpnte v a r i o s  t i p o s  d e  m a t e r i a l e s ;  un  me ta l  puro ( p l a t i n o )  con 

c o e f i c i e n t e  de b a j a  temberatura  de a l e a c i ó n  r e s i s t i d a  con un 

f l u i d o  conductor  (mercur i o )  y u semiconductor  c r i s t a l i n o  ( s i l i c i o )  

E l  c o e f i c i e n t r  de  tempPratura y r e s i s t i v i d a d  mi R en l a  ecua- 

c i r i n  : 

Las fuprzas  t e n s i l e s  Yp es  l a  f u e r z a  m á x i m a  que el w t e r i a l  

t n l e r a  s i n  do fnrmaciones  permanentes. de  l a  d e f i n i c i ó n  para  l a  

e l a s t i c i d a d  en e l  módulo d e  Young. 

T r a n s i s t o r e s  p i e s o r e s i s t i v o s  

Muchos ins t rumentos  pueden s e r  des ignados  usnado u n  contador  

de l i n e s  d e  volumenh d a  s i l i c i o ;  s i n  embargo r e s i en t emente ,  ma- 

t e r i a l e s  cnn r e g i o n e s  de  i i p u r e z e s  d i f u s a s  pueden s e r  suces i va -  

m P n t e  a p l i c e d n s  a l  d i seño  d e  instrumentos. Algunos de esns mate- 

r i a l e s  t i e n e n  grandes  i m p r e v i s t o s  y c s r a c t e r i n t i c a s  d e  e jecucuón 

d e  t e v p e r a t u r a  y es comparada con l o s  m a t e r i a l e s  de  almacenami- 

rn to .  
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Con l a  a p l i c a c i ñ n  de l a  t e c n o l o g i e  de l a  t e o r i a  de p i e z a s  de  

f e s i s t e n c i a  p a r a  01 dise f lo  de i n s t r u m e n t o s  medicos  ( t r a n s d u c t n r e s )  

e i p e c i f i c o s  como u n  r a t . e t e r  i n t r n c n r d i a c o  t i p n  r a !  i b r a d o r  d e  

p r e s i d n  p i e z o r e s i s t i v o  puede s e r  a n a l  zarin en l a  f i g u r a l 5  

F i g . 1 5 .  

Eons i r fera  dos  e l e m e n t o s  d e  t reesductnr  p i e z o r e s i s t i v o  en u n  

c a t e t , e  i n t r a c a r d i a c o ,  hay o t r o s  t i p o s  de t r a n s d u c t n r e s  como 

e l  r e F o i r a t o r i o  como u n  di.seño m A s  ú t i l  q u e  s e  c a r a c t , e r i z a  

p o r  su s e n s j . t ! i I i d a d  y t . i ene  una f r e r u e n c i s  u s u a l  cuando des -  

piifis e s  l i m i t a d o  p o r  el y es d e  r e s o n a n c i a  m e c a n i c e  más b a j a  

r,ue la f r e c u e n c i a  d e l  i n s t r u m e n t o .  

Hay t r a n s d u c t o r e s  de d ia f ragma-  e s t i r a m i e n t o  en t é r m i n o s  

dea a p l i c a c i o n e s  medidas ,el ? r a n ~ , ~ , u c t o r  v a r i a b l e  t'ni a p ñ c i -  

t a n s i a  en uso mas g rande  es . 
P r n h  ~b:1.-rnent~~ e 1  i n s  rumr:nto o d i a i ~ r . a ~ m a - P s t . i r a m i e r ~ i o ~  f i g .  

( 1 6 )  

E l  dipefio q e o m r t r i c o  puede s e r  iisado comfl u n  i r a n s c i r i r t n r  

de  c a p h + s i t a n c i a  de p r e s i ó n  n es u n  mirrofono  cnn?en5ar!o.  
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F i g u r a  17.  

Cunrido l .a p r e s i o n  PS a p l i c a d a , e l  d ia f ragma s e  r lesv ia  y mue-  

ve, e1 c e n t  r n  rnagnet,ico.El arnrirt iguarnieni ,~ e s  c - u n í . n i  

por i ~ n  ripranisrno en el c u a l  l a  v i s c o s i d a d  r íe1 a c e i i p  deter- 

rn i r in  l a  f e d i p r o p o r s i o n ñ l i d a d  d e  l a  v e l o c i d a d . E l  camtiin d e  

p o s i c i o n  de1 centro p r n d u c f i n  u n  v o l t a j e  d e  r e n d i m i e n t o  rii- 

fFsr:!nr-ial y es modulada e una f r e c u e n c i a  p o I t a d o r a  . 
t::i u n  i n s t r u m e n t o  el c u a l  i . i e n e  a l g u n o s  riefect,o:,: 

1 . - í .uarido s e  - a p l i c a n  d i f e r e n t e s  p r e s i o n e s  l a  d e c v i a c i o n  

v a r i a  d e l  diaf ragma ,desde que ~1 d i a f r a g m a  no s a l t a  correc-  

t . a n r n t . e . ~ . ~ s a  puede  s e r  a l g u n a  s e ñ a l  no l i n e a l  d e  r e n d i . m i e p t o  

ca i i r ;ada  por  nl diaqrama no 1.inealrnente. 



2.-': iajo cnn;ii .c~ n n ~ s  v a r i a ! ! a s  CiF,]. r n r d i n  >in 

cí?ract  ~ r i s t i c a s  d e  no i i n e a l i d a d a p u r d e  c a m b i a r  l a  p o s i c i o n  

a d i r i o n a l  no l i n e a l i z a d a s  p u ~ ? d e  cambiar a d i s i o o a l e s  en l a  

l e c t u r a  de1 i n c i i  r u n r n t n .  

3 . - i ina lment i=  lac: v a r i a s i o n e . ~  m e c a n i c a s  y r:n l o s  compnncn+,rs 

(dingrama,cPnI r o , ~ s p i r o l c t : ) r o n  v a r i a c i o n e s  en l a  ~ emprral  ura 
puede p r n r i u c i r  e r r o r e s  Pn la 1:empr.rat.tira. 

i : a l  j . h ra rnr  dri p r ~ s i r 5 n  c o n  v e l o r i ~ ? a r I  ~ I P  c .api ,ac i~%n y 

1Pc'.ror-!i,namica n u r .  a r t u a  .\In j .nt.Pres a n t e  micrnf  non C'P v a l a n c e  

de fuerza': f l e x i h l e s  p r o p i o  p a r a  medic ión  de p r e s i ó n  d inámica  

y u t i l i z a n d o  un d e f l e c t o r  de v e l o c i d a d  d e  movimiento en l u g a r  

d e l  d e s p l a z a m i e n t o  d i c h o  i n s t r u m e n t o  s e  muf?st,ra en l a  f i g .  1 R .  

n t ( t  rilfipo ('a l a s  

f u e r z a  P- 

___ - - p 
--- llnidad p ~ ~ l s a t i l  d p  f recuencia  modulada 

Una unidad d e  i m p l a n t e  p a r a  l a  t e l e m e h r i a  d e  l e n t a s  v a r i a c i o -  

n e s  y dat.os d e  t e m p e r a t u r a  y p r e s i ó n ,  tal c i r c u i t o  s e  rnupstra 

Pn  la f i g u r e  1 9 .  
B t  

t 



Para n b t e n e r  modulocirin en f r e c u e n c i a  de1 rango de r e p e t i -  

c i i5n,  l a  v a r i a b l e  " e x i s t e n t e  puede causar u n  cambio en Hy C.  

M u c h n s  de estos  t r a n s d u c t , o r s c  e x i s t e n t e s  son: d e  r ? s i s t e n c i a  

v a r i a b l e  y c a p a c i t a v c i a  v a r i a b l e  y son p o r  e s o  sus  a p l i c a c i o n e s  

con est ,oü  caract~risticas. 

M e d i c i f i n  de l a  p r e s i ó n  a r t e r i a l  

La medicihn d e  l a  p r e : f : i i n  a r t e r i a l  c m p r a n d e  tantii  l a  determi-  

naci.6ii  ; i ~  l a  pres i6r i  s i s t 7 1 i c o  momo de l a  d i a s t n l ~ i c e  e ~ - ' ~ i  ?i':prr,- 

-,anta l i i  a7i;ilii;uit 1i':l p ~ 1 1 z . i  en e l  punto de --..';.ciC>n.d,- I 3s 

Es f iqmomanome t r i a  

Como l a s  ondas d e l  p u l c o  s i?  extic?nden r a p i ? a r e n t a  p o r  todo 

i.3. ::is.ti:mñ a r t e r i a l  y : ; n n  m o i i f i i a d a s  en g r a d 3  v a r i a b l e ,  l a  

~ r e = i 6 n  a r t e r i a l  c?rl r i i a l q u i i ? r  iv7ment,r? v ñ r i a  en c u a l q u i e r  p a r t s  

de l  a r h n l .  a r t e r i a l .  L o s  r e g i S t r 7 s  3.5s ; i r i s t os  d e  l a  p r e c i í n  a r -  

t e r i . 3 1  SF? n b t i e n e n  p o r  merlin de a g u j a s  i n t , r a a r t o r i a l e s  CflnRc- 

t a d o s  c o n  s i s t e m a s  r e g i s t r o  d e  l a  p r e s i n r i ,  p l r e g i s t r o  g e n e r a l  

S P  nhtic?ne en  pose1  que t'lrre r.nri r e l a t . i v a  l . ~ n t i . t u r l  y l a s  o n d a ?  

d e  p>~.sn s e  comprimen en tiempo. ( f i g .  2[!) 
Presi6n 
mm Hp 

Presión diart6liu 

efi~moman6metro 
Fia. Esfipomanomrtria. Cuando la presión que exirte dentm del manguito del eiligmo- 

man6metm aumenta por encima dc Ir presión de la sangre arterial, lar arterias que re encuentran 
bajo U manguito wn obstruidas, y no puede palparse el pulso en In articulación del puño. A mcdi- 
da que la presión del manguito IC afloja gradualmente, cl máximo rirtóüco de Ir presión finalmen- 
te llega a u e d m  de la presión que existe dentro del manguito de la presión, y la sangre penetra 
cn forms de chorro en lar arterias siiuadiir por debajo del manguita, y produce pulracioncr palpa. 
bles en Ir. articulación del puíio. 1.a repentina. aceleración de 11 sangre por debajo del manguito 
produce vibnciona que son audibles por medio de un estetoscopio. La pmsión en el mnnómctro mer- 
Cuna1 rn d mmmnto: en que IC escucha el pulso o se siente al palpar la radial, indica In presión sis- 
tólici. A d d t  que In presión del manguito disminuye todavía mL, los mnidos sumenan de in- 
tensidad y entonces de un modo repentino re arnortigiian a la altura de 11 pmsiái disrt6tica, a IP que 
las arterias pmsneccn abiertas durante toda I i  onda completa dU pulso. A prrriones todavía 
menom, la sonidos desaparecen por completo cuando se restablece el flujo laminar. 



La p r e s i ó n  a r t e r i a l  g e n e r a l m e n t e  es medida p o r  medio d e  u n  

esf ignomanometro que r o n s i . s t e  en u n  manguito no e l a s t i c o  que  

c o n t i e n e  una b o l s a  d e  caucho i n f l a h l e  y e ? t a  c o n e c t a d a  p n r  

medio de u n  tuho d e  caucho a una pe r a  d e  caucho y con u n  i n s -  

t rumento que r e g i m t r a  cont inuamente  l a  pres i f in  d e n t r o  d P n  man- 

q u i t o  cuando queda b i n n  a j u s t a d a  a l  hrazo  l a  i n f l a c i r i n  de l a  

b o l s a  d P  caucho comprime a l o s  t e j i d o s  por clehñjo de1  manguito  

s i  la p r p s i 6 n  d e  l a  h n l s a  e x c e d e  una p r e s i b n  a l  maximo de l a  

p r e s i f i n  a r t e r i a l ,  l a  a r t e r i a  permanece(oprimida o p r e s i o n a d a )  

y no s e  p a l p a  ninguna onda de p u l s o  en l a  a r t p r i a .  S i  l a  p r e s i ó n  

a l c a n z a r a  un punto en e l  c u a l  ej. a p o j e o  de l a  onda d e  pulso 

s i  e x c e d e  l a  p r e s i o n  de los t e j i d o s  que l o  rodean l a  a r t e r i a  

permanecera  c n l a p s a d a .  

- Ruidos d e  K o r o t k o f f  

E n  l a  a r t e r i a  b r a q u i v a l  a medida q u e  S P  reduce  l a  p r e s i o n  que 

SP e n r u n t r a  c o l o c a d o  t i a j o  e l  codo ,  se  e s c u c h a  por medio d e 1  

e s t e t o s c o p i - o  l o s  soplos d e  compresión s i s t o l i c a  l o r  c u a l e s  son 

d o s :  los p r i m e r o s  son " t o n o s  c o r t o s "  qup a p a r e c e n  a l  p a s a r  par -  

t e  d e  l a  nnda d e l  b a j o  d e 1  manguito. 

E l  a n a l i s i s  experirnpntal  d e l  mecanismo d e  producc ión  de e s t o s  

soni.dos i n d i c a  que l o s  primpro t o n o s  c o r t o s  o s o n i d o s  rit: c o l -  

peo son dehido  ha a c e l p r a c i ó n  t r a n s i t o r i a  p n r  l a  d i s t e n s i b n  

brusca  r !e  l a  pared a r t e r i a .  E l  sonirln d e  compresión p a r e s e  o -  

g i n a r s e  pn el c h o r r o  d e  t u r b u l p n c i a  nue s e  forma en s i t . u a c i o n e  

d i a s t a l  a l  segmento a r t e r i a l  comprimido. 

Fuentes de error  en l a  merlicifin de la p r e s i ~ c ; , . L r t e r i e l  ---- 
Una iridehida s e l e c c i n n  o a p l i c a c i ó n  de l o ?  m ñ n T u i t n s  de l o s  

esfignnrnanometrns. 

La p r e s i 0 n  que e x i s t e n  U n  l a  b o l s a  d e  caucho e s  t r a n s m i t i d a  

a m a y o r  profundidad en e1 c e n t r o  d e  mangui to ,  y s i  es  s u f i c i e n -  

t e m e n t e  a m p l i n e l  manguitri riehidamente a j u s t a d o ,  l a  p r e s i ó n  i n -  

d i c a d a  p o r  el manometro s e  e x t i e n d e  a l o s  t p j i r i o s  que rodean 

inmrdia tamente  l a  a r t e r i a  ( f i g .  7 1  A ) ;  p e ro  si miembro e s  dema- 

s i a d o  g r u e s o  en r e l a c i b n  a l  anchn del mangui to ,  la p r e s i ó n  que 

s e  e j e r c e  a l  rrededncr d e  l a  a r t e r i a  e s  s i g n a f i c a t i v a m e n t e  menor 

nue la r e g i s t r a d a  e n  l a  b o l s a  de  caucho y e l  manomptro ( f i g . 2 1 B )  

, Pqr  l o  t a n t o  l a  l e c t u r a  d e  l a  p r e s i ñ n  p o r  l o  t a n t o  l a  l e c t u r a -  
I '  



I .  .. -- 

de  l a  p r e s i ó n  s i s t n l i c a  y d i . a s t o l i c a  puede s e r  demasiada e l e -  

vada s i  e l  manrjuito a 1  a p l i c a r l o  queda f l o j o  ( f i g .  2 1  C ) .  

r r e s i ó n  sanquinea a r t e r i a l  media 

con f r e cuenc i a  s e  usa l a  p r e s i ón  a r t e r i a l  media en l o s  i n f o r -  

m e c 1 i n i c . o ~  y expe r imenta l e s  pueue ser determinada amortiguan- 

do e1 pulso  o i n t e g r ando  l a  onda de pulso  a r t e r i a l  en r e g i s -  

t r o s  exac tos .  

La pres i6n  sanguinez  f l u c t u a  durante  cada c i c l o  c a rd i o c o  

Fta. a Transmisión de las pdones  del manguito a lar tejidos dd brazo. A, Cuando rl man- 
guito de un alípomanómetra de suficiente ancho m relación con el &etro dil \aso es aplicado 
en la fcmi debida, la presión en los tejidos alrededor de la arteria por debajo del manguito 
iguala a la presión del manguito; sin embargo, la pmión por abajo dt: extremo del manguito no 
penetra tan pmfundmente como en el cenm del pmpio manguito. 

B, U n  mnguitO que es demasiado estrecho en rdición con el dilme:ro del miembro no trans- 
mite su presión al centro del miembro. En estu condiciones, la presión c4 manguito debe exceder 
grandemente a U pmidn artrriai p a n  producir la odusi6n total de In a r 4 a  y entonces se had una 
lectura errónea tanto de la parte alta de 1st pmión rttólica como de la Jrerión diastólica, al guiarse 
por el manómctro de m e r e u k  

C, Si Y aplica muy flojo un manguito de suficiente amplitud, este manguito se hace d o n -  
dcado ants de ejercer prcsión sobre los tejidos y p d u c e  la  misma c l i ~  de error que un man- 
guito muy estmho. 

Y por  e s t e  metodo se encuentra posco más amenos o un t e r c i o  

de  l a  d i s t a n c i a  que e x i s t e  e n t r e  l a  p r e s i ón  s i s t o l i c a  y l a  

d i a s t r i l i c a  a l a  c on f i gu ra c ihn  r ! t  l a  onda d e  pi i l so  ( f i g .  27)  



DETERMINACION DE LA PRESIBN ARTERIAL MEDIA 
Preri6n 
mm H m  . . .. . . . .. 

-Presión rirtólica 

--Presión media aritmbtiui 
3-Preribn media funcional 

Fio. &Z Presión arterial media. Si la presión rirt6licr a de 120 mm Hg y l a  presión diastb 
lita de 80 mm Hg, la presión media aritmética es de 100 mm Hg. Si la onda del pulso arterial fue- 
ra rimttrica (onda rinuril), esta cifra representaría la presión media de perfusión; sin embargo, el in- 
temalo durinte el curl la presión arterial es menor de 100 mm Hg es más largo que durante 
aquel en que M eleva por encima de esta cifra, de manera que In presión funcional media es menor 
de 100 mm Hg. La  presión funcional media er determinada di\idiendo el P r u  de Is región som- 
brrada (Prei - 42 un') por la dimensión horizontal ( L  - 7 cm) para determinar la altum de un 
recthgulo que tiene h mima área (H - 6 cm). La presión funcional media tiende- s a  mL ele- 
\ad= que la .presión diartólicn aproximadamente en un tercio de la presión del pulso,, pero dte CUcu- 
lo no re aplica a lu ondas del pulso que tienen diferente contornos, es decir, con cambios de 19 
frecuencia cardiaca. 

- R e q i s t r o  cont inun de l a  p r e s i on  a r t e r i a l  

A medic ión  d e  l a  p r e s i ón  a r t e r i a l  ha drsempeñado d u r a n t e  l a r -  

go t iempo pap l e  muy impor tante  en la i n v e s t i g a c i a n  card iovascu-  

lar. 1.n: c?at.os rpc:i.-rit,es hail c r ~ ñ d o  $ r a n  interes p a r a  r e g i s t r a r -  

crin toda  e x a t - t i t i i d ,  tontri I n  p r e E i ñ n  pulmonar como l a  p r e s i dn  

g ene ra l .  Los t r ansduc t o r e s  de p r e s i ón  aprop iados  para r e g i s t r a r  

l a s  rapi.da f l u c t u a c i o n e s  en l a s  p r e ~ i o n e s  a r t e r i a l e s  e i n t r a -  

v e t r i c u l a r  un  mannmetro mprcur i a l  r e s u l t a  inadecuadopara regis- 

trar l a  pres ibn  que f l u c t u a  amplia \I rapidamente. La i n e r c i a  

d e l  l i q u i d o  y l a  r e s i s t e n c i a  a su paso por  e1 mannmetroevitan 

oue e1  n i v e l  d e l  l i q u i d o  s i g a  cambios tan  r a p i d a s  cnmo los d e  

la pras i on  a r t e r i a l .  

E l  manometro,indudahlempnte no i n d i c a  n i  l a  magnitud de l a  

p r e s i 6n  c i s t o l i c e  n i  d i a s t o l i c a .  

Las p res i onesquc  presentan  rap idas  f l u c t u a c i o n e s  pueden s e r  

r e g i s t r a d a s  s o l o  por  medio de apara tos  de  f r e c u e n c i a  ade cuda .  

La r e spues ta  de  f r e cuenc i a  e s  u n a  medida de  l a  v e l o c i d a d  con 

que un s i s tema de  r e g i s t r o  responde a cambios d e  p r e s i ón  riipen- 

t i n a .  



Transductores  mecanicos  de  p r e s i ón  ------- 
E l  t r ansduc t o r  común para  l a  medic ión  d e  l a  pres ibn  c o n s i s t e  

e n  un tambor p r o v i s t o  de  una membrana de caucho acop lada  a una 

pa lanca ~ s c r i b i e n t e .  S i  l a  memebrana de caucho es muy f l a c i d a  

( f i g .  23 )  l a  i n e r c i a  de1  l i q u i d o  y l a  palanca s e  opone a una  r 

respues ta  rap ida  a los cambios d~ pres idn  en l a  membrana o 

p roporc i ona  una fu e r z a  r e l a t i v amen£e  d p h i l .  

Fro. Registradores mecánicos de la presión. El registro de la presión ordinariamente am- 
prende el desplazamiento de algún tipo de membrana elástica. Para desplazar la membrana, el Kqui- 
do debe mmme dentro de la cápsula de registro. La inercia del liquido, la membrana y el nuxi- 
nismo de q istro  tienden a resistir el desplazamiento. Cuando 11 masa que está en mo\imiene n 
grande y la membrana es Iláeida, el sirtema de r g i s t r o  puede ser muy sensible a lar pr-ner 
que fluctúan Irntitmentc, pero no responderán a la cambios rápida .de pmión. Reduciendo la 
masa en mo&niento y utilizando membrana rígidas, se disminuye la sensibilidad, pero no re i n j ~  
ra la respuma de In irccuencin. 

Un  s i s tema de  e s t a  i n d o l e  no puede responder  cnn l a  suf i -  

c i e n t e  r ap i d e z  para s e q u i r  l a  p r e s i ón  a r t e r i a l .  

Lo f r e cuenc i a  n a t u r a l  de  L I ~  t r anduc to r  puede s e r  cons iderada  

seqdn l a  masa que queda suspendida en u n  r e s o r t e  n muelle, m i -  

e n t r a s  más pequeFias es l a  masa y m.4s r e g i d o  e l  r e s o r t e  m8s ri- 

gicia s e r a  l a  a s c i l a c i b n .  

Cuando l a  masa d e l  l i q u i d o  y l a  p a l a n c a  son grandes  en r e  

l a c i o n  con l a t e n s i o n  de l a  membrana l e c  o s c j l a c i o n p s  son l en -  

t a s  s i  l a  memhrana e s  muy t p n s a  l a  f r e c  enc i a  aumenta, p e r o  

la F e n c i b i l i d a d  .se rpduce. 



-- Trensductorss  rolectr icoa de pres- 

E n  l o s  movimient,os l i g e r o s  CIP  l a s  membranas más r i g i d a s  pue- 

denser  usadas p a r a  esf .udiar  c o r r i e n t e s  de v o l t a j e  que pueden 

s e r  amplif icadas  por medio de! amplificadores  e l p c t r o n i c o s  y los 

movimientos d e  membrana producen: 

a )  La r e s i s t e n c i a  

h )  1.a c a p a s i t a n c i a  

c )  La inductancia .  

A) MANOMETRO 81 MANOMETRO C1 MANOMETRO DE PRtSlON 
DE RESISTENCIA OBTENIDA DE CAPACITANCIA DE INDUCTANCIA 

VARIABLE POR E L  ESTIRAMIENTO 
DE UN ALAMBRE 

MEMBRANA 
DE CAUCHO 

MEMBRANA 
FUELLE DE METAL 
DE METAL - ESPIRALES 

ELECTRODO 

\ 

ALAMBRES 
DE RESISTENCIA 

MEMBRANA 
ESPACIO 
OCUPADO POR AIRE - ESPIRALES @ ( y  'ELECTRODO .DE ALAMBRE 

CIRCUITO HIERRO SUAVE 
DE  RADIOFRECUENCIA 

PUENTE 
DE WHEATSTONE 

FIG. 04 Transductores elCctricoi de presión. A, El manómetro de alambre P tensi6n, de resir 
no limitada (manómetro dc Statham), consiste en un fuelle de metal quc es comprimido por 

i~ aumento de presión dentro de la cámara. El desplazamiento del fuelle hacia abajo n transmitido 
corredera de metal soportada por cuatro juegos de alambres remitiyoos P la tensión y enrmlh- 

dos a tensión y unidos para formar un puente de Wheatstone. El desplazamiento de l a  comdera de 
hace que se estiren dos juegos de alambre y que lor otros dos x relajen. Estos cambios de la 

rr,irtcncia dcseqriilibran el puente en proporción a la presión aplicada. El gasto resultante del volts- 
j,. que proviene del puente, es amplificado y registrado por diversos medios. 

B, El manómetro de diafrigma de capaeitancia cléctriea es un condensador formado por un 
rlrctrodo (teñido en negro) reparado de una membrana de metal ríg¡ds por un espacio de aire cui- 
dadosamente ajustado. El derplaramienro de la membrana hace que cambie el grueso del espacio 
de aire. Esto da como resultado un cambio en la capacitancia que CI registrado por un circuito de 
írecuencia de radio. (Tornado de Lilly.") 

C, Las variaciones del flujo magnético en armaduras de alambm pueden ser producidas por 
movimiento de una corredera de hierro colocada dentro de 11 rmndura. En un trnnductor de 
presión de transformador diferencial, Ir corredera de hierro queda unida al centro de una mem- 
brana elástica, de tal manera que lor cambios de prcrión producen cambios del flujo magnktico. 
(Tomado de Gauer y Gicnapp, Scicnct, 112:404, 1950.) 

En cada caso, l a s  membranas r i g i d a s  con escaso  desalojamiento 

d e  l iquido  de respuesta  re la t ivamente  a l t o s  d e  f r e c u e n c i a  pue- 

den s e r  usadas para  l a s  s e ña l e s  d e l  g a s t o  c a r d i a c o  siendo am- 

p l  f i c a d a s .  



I.. 
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Disposable Blood Pressure Transducer System 
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I 
A uniq Je disposable invasive hemodynamic blood pressure transducer 
system has been developed. The system consists of a disposablepiezoresist- 
ive flow-through transducer with twelve-inch pigtail. a reusable extension 
cable, 3n electronic interface module and a custom interconnect cable to 
attach :o most monitors. The transducer has Linden Luer fittings and replaces 
the dotne and reusable transducer in monitoring systems. The cost of the 
transdiicer is kept low so that it can be disposable through efficient modern, 
high-volume semiconductor technology and the fact that additional electrical 
isolation is accomplished in the interface module. Besides providing elec- 
trical iiolation, the interface module provides a universal output which will 
accom3date all common AC, DC. and pulsed excitationsignalsfrom monitors. - 

RODWTION 
n invaire blood pressure transducer is a device 
continuous measurement of patient's blood pres- 
. It is wnnected to a fluid-filled tube in a blood 
el that transmits tfe pressure signal. The trans- 
:IS cunently available are reusable devices which 
$500 to $600 (1982) They have a disposable dome 

rh isolates the steile fluid pathway from the 
;able device. Present transducers must be tested for 

allow versatility in mounting. Small volume displace- 
ment would give excellent frequency response. 

In addition, the system had to meet all of the tough 
standards which users have come to expect of existing 
devices. Patient electrical safety and over-pressure 
protection were essential. The system had to be 
compatible with a wide variety of patient monitors. 

THE TRANSDUCER 
bration regularly by the user and 
:fully as they are fiagile. Additionally, it is con- 
red m r Y  that the transducer be 
ilized to nduce risk of infection. 

be The heart of the blood pressure transducer utilizes 
a piezoresistivotype silicon strain gauge. This silicon 
sensor is positioned to interface directly with the 
fluid media being monitored. Therefore, it is manda- 

SIGN PHILOSOPHY 
When the disposablv transducer system was being 
igned, many parameters had to be considered. 
be suoxssful, the transducer had to solve some of 
probkms with existing devices. Regular cali- 

tion cooid beeliminited byfactorypre-calibration. 
rilization of each dcvice would eliminate the need 
a dome.. Easier set up and debubbling procedures 

re neocssary. Small size and rugged design would 

rnd o l a ñ l r d  Lngincerini Vol 7 N o  3 , l U l Y - S e F  
-_ 

tory that the sensor be resistant to performance 
degradation due to contact with foreign substances. 
Certain contaminants in the fluid media can affect the 
piezoresist6rs' operating characteristics. The tech- 
nique o€ isolating the piezoresistors by using confor- 
mal coatings at the sensor-fluid interface cannot be 
used because the coatings contribute to a significant 
performance degradation. Allowing the piezoresis- 
tors to be buried beneath the surface of the sensor 
diaphragm through diffusion or ion implantation pro- 
vides adequate isolation. (See Figure 1 .) 

rreniber. 1982 . Copyright 0 1982. Quest Publishing Co 
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Figure 1 
Sensor cross-section illustraf ing buriedpeizoresistors. 

There are several major advantages that silicon strain 
gauges display over conventional strain gauges. Applied 
pressure at the diaphragm of the silicon sensor strains 
the crystalline structure. This strain causes a large change 
in value of  the piezoresistors, resulting in an extremely 
high sensitivity. 

Most strain gauges bonded to dissimilar materials 
are inherently unstable. The bonding o f  the pressure- 
sensing elements to dissimilar materials results in 

~ 

. . . “There are several major advantages that silicon 
strain gauges display over conventional strain 
gauges.”: . . 

thermo-elastic strain. The pressure sensing elements of 
the new pressure sensor are ion-implanted into the 
silicon’s crystalline structure, providing a totally 
integrated pressure-sensing element. 

The inherent crystalline structure of silicon provides 
another important feature. The elasticity permits the 
diaphragm to be flexed overa specified pressure range. 
After the applied pressure or rated over pressure is 
removed, the diaphragm will return to its original null 
voltage condition. Conversely, other types of  strain 
gauges are made of materials which creep, and may 
require re-zeroing of the monitoring system. 

The final major advantage is that the silicon sensors 
can be fabricated using common integrated circuit 
processing technology. The finished product is an 
inexpensive chip of  silicon that accomplishes both 
pressure sensing and electrical output. This technique 
allows the pressure sensor to be interfaced directly 
with the total system. 

At the sensor-fluid interface, the sensor is molecu- 
larly bonded to a flat area ground onto the outer wall 
of  a tube. The preferred approach is to bond the 
sensor to a tube which has a coefficient o f  expansion 
similar to silicon. The effect is diminished thermal 
stress and excellent mechanical stability. 

A hole which penetrates that wall of the tube 
provides the fluid pathway between the monitored 
media and the passive side of the sensor(See Figure 2). 
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Slitcon pressure sensor 

Figure 2 
Cross section of sensor bonded to tube. 

I 

Excitation 
Voltage 

1 I 

Figure 3 
Schematic for thick film resistors placement 

When monitoring liquid dynamic pressure, it is essen- 
tial that air bubbles not be trapped in tkfluid line. Con- 
sequently, the final criterion is a package design which 
minimizes the chance of bubble entnpment. 

FABRICATION TECHNIQUES 
The fabrication of the pressure sensor does not 

yield four piezoresistors with i d e n h i  values. The 
resultant is an  initial null offset voltage. This offset 
is cancelled through the use o f  a lascr-trimmed thick 
film network (TFN). The T F N  is printed onto a 
ceramic substrate and connected to the sensor via 
gold wire bonds. Both the pressure sersorand theTFN 
use gold termination pads to eliminate problems with 
dissimilar metal interfaces. 

The inherent sensitivity of the silicon sensor varies 
because of  manufacturing tolerances on the dia- 
phragm thickness and diameter. This variation in 
sensitivity also is overcome by a pecision laser 
trimmed TFN. At this point, the transducers become 
completely interchangeable (See Figurn 3). 
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Becaus  of  the need to monitor pressures precisely NEED FOR AN INTERFACE MODULE 
over a Mied  temperature, a thick-film thermistor 
network 5 used again. to optimize sensitivity corn- ductor technology, an interface 
pensation. The pressure sensor bonded to the tube 
and the tbidr film support circuitry are assembled into 
a main h k n g  made of-medical grade polycarbonate. 

Ports am then assembled to the main housing and 

199 >2 

r 

T~ take of ~ow-cost, rugged semicon- 
was designed 

- ~~~ ~ . -... -~ ~~~~ 

:ir sealed Upon completion of the cover assembly, 
,:ir transdacer is sealed from environmental effects, 
includingmisture. A vent hole is incorporated in  the 
twelve-in& figtail, allowing the necessary atmosphere 
reference io be extended to a remote location (See 
Figure 4). 

Figure 4 
&osable blood pressure transducer. 

Figure 5 
Illustration of eiecrrrcal isotaiion .t.t~.~etn and monitor 

that makes the transducer compatible with existing 
monitors. The transducer’s built-in electrical isolation 
is supplemented in the interface module(See Figure 5). 

The interface module can be used with all popular 
brands of monitors. The module has up to three 
pressure channels and is powered by I I5 volts AC or is 
available with battery option. 

The module will accommodate up to three dispos- 
able transducers simultaneously. Each channel con- 
sists of  five basic circuit blocks. These blocks are: 

Excitation voltage regulator 
Gain stage 
Isolation stage 
Scaling stage 
Output stage. 

Power for all three channels is provided by a single * 15V power supply in the module (See Figure 6). 
The isolation stage provides 8 KV of isolation 

between the patient and the monitor, incorporating 
a Burr-Brown 3656 isolation amplifier. Leakage cur- 
rent is less than 5 microamperes. This stage atso 
provides the power for the isolated gain stage and the 
transducer excitation. The transducer excitation 
voltage is precisely regulated to +10.00 V in the 
voltage regulator stage. 

The output of  the transducer isamplified to a usable 
level by the isolated gain stage. This stage also helps 
attenuate electromagnetic interference. The amplified 
signal is then fed into the isolation stage, which elec- 
trically isolates the patient from the monitor. The 
scaling stage multiplies this “pressure signal” by the 
excitation voltage of the patient monitor. This exci- 
tation voltage can be DC to 5 kHz, 1.5 to 15 Vrms. 

The output stage produces a nominal 350 ohm 
impedance level and assures that the sensitivity of the 
Disposable Transducer system is 5 microV/ V /  mm Hg, 
both industry standard values. 

CONCLUSION 
By using the disposable transducer in preconnected 

packs, a great deal of convenience and patient safety 
can be realized. Dome attachment may be obsolete. 
Sterility concerns are virtually eliminated. Hospital 
personnel no longer must be concerned with broken 
or lost reusable transducers. Debubbling is quick and 
easy. With the universal interface module, the same 
transducer can follow the patient through different 
areas of the hospital. With the high accuracy and 
ruggedness of the transducer, calibration need not be 
peiformed. 

Each hospital will have to perform a cost/ benefit 
analysis to evaluate the potential of  this new technology. 
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Figure 6 
Block diagram of electrical isolation interface. 
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Manual Determination gives some assurance that the automatic instrument 
is functioning properly. Manual determination o f  pressure determination by the blood pressure is useful under special conditions and 

auscultatory method, a stethoscope is placed Over the as a teaching exercise, we have found that this ana- 
brachial artery in the standard Position under the log/manud is helpful and convenient to 
Dinmap blood Pressure Cuff. In addition, two front use in the operating room, It  would perhaps be easier 
panel switches on the Dinarnap must be operated. could be by simply shut- F W  the MODE Switch is changed from the AUTO for 
to  the CAL position. Then, the momentary contact backup in of power failure. The pnn- 
SELECT switch is pushed to the MAN- ciple of this type o f  manual/analog adaptation may 
UAL READ position and released. This procedure, of automatic 
ordinarily used as a calibration check, causes the pres- non-invasive blood pressure monitors, 
sure in the cuff plus a zero offset value to  appear in 
the mean pressure display window. The CAL number 
is identified by the fact that three decimal points al- 

For 

ting off power to the instrument; also 

also be useful when applied to a 
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- Automatic Noninvasive Blood Pressure Monitors: 
-. Analog/Manual Adaptation O f  Dinarnap( TM) Ref .Q 
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New York, NY 

This paper describes some of the features and limitations of the newly- 
developed, automatic, noninvasive blood pressure monitors. In particu- 
lar, an analoghanual modification is presented which can be adapted to  a 
variety of such devices. The manual/automatic adaptation of  the Critikon 
Dinamap(TM) blood pressure monitor is specifically described. This mod- 
ification provides continuous observation o f  cuff pressure and permits the 
option of manual cuff inflation and deflation. The analoghanual adapta- 
tion is useful in special patient conditions and as a teaching aid. 

Key Words: Blood Pressure Monitor, Automatic; Blood pressure, analog/ 
manual; Critikon Dinamap(TM); Dinamap, Critikon. 

INTRODUCTION 

Microprocessor technoiogy is now being used to  
operate and control a wide variety o f  instrumenta- 
tion. In the medical field, a number o f  automated, 
noninvasive blood pressure monitors are presently 
available, and new models are being continually in- 
troduced. These instruments will periodically inflate 
and deflate the cuff and measure and display blood 
pressure, all completely automatically. The parame- 
ters which can be displayed include: systolic, diastol- 
ic, mean and pulse pressure, and heart rate. The au- 
tomatic operation is a great convenience to  busy phy- 
sicians and nurses when caring for seriously ill pa- 
tients. 

Microprocessor control allows a wide choice o f  op- 
erating features in automatic blood pressure moni- 
tors. One approach is to  limit external controls to as 
great an extent as possible. This choice makes the de- 
vice relatively simple to  operate, but the user has no 
control over the modes o f  operation. A different ap- 
proach is t o  allow the user to program the unit so as 
to select various operating conditions. In clinical prac- 
tice, this freedom o f  choice can sometimes be exces- 
sive and result in confusion to the inexperienced user. 
Most instruments are a combination o f  both machine 
and user programmability, the emphasis being on one 
or the other. 

A more subtle disquietude arises from the micro- 
processor control o f  the instrument operation and 
digital display. Traditionally, an analog mercury or 
Journal of Clinical Enpineering . V o l . 6 . N u . 3 . J u l y - ~  

aneroid manometer is used for noninvasive monitor- 
ing o f  blood pressure. The physician or nurse controls 
the cuff  pressure and the inflation-and deflation rates; 
arterial pulsations are heard with a stethoscope and 
seen on the sphygmomanometer. An automated 
blood pressure monitor presents the user with the 
proverbial “black box,”  over which he has limited 
control and practically no knowledge o f  what goes on 
within. 

Perhaps the most critical decision o f  the instru- 
ment design philosophy is the method used to detect 
arterial blood pulsations. Different manufacturers use 
different techniques which result in various advan- 
tages and disadvantages. The Automated Screening 
Device, Inc., Sentry(R) and the Critikon, inc., Dina- 
map(TM) use the oscillometric principle. This pnnci- 
ple might not yet be fully recognized, but it has the 
advantage o f  not requiring a transducer under the 
cuff. Vita-Stat Medical Service, Inc., manufactures 
the Vita-Stat(R) and Abbott Medical Electronics Co. 
manufactures the Sphygie(R) automatic blood pres  
sure monitors which employ the technique o f  elec- 
tronic amplification o f  Korotkoff sounds. This tech- 
nique is well accepted, but it is subject to  external 
noise. The Roche Medical Electronics Arterio- 
sonde(R) 1225 uses an active ultrasonic transducer, 
while the Sphygemetrics Inc., Infrasonde(R) D4000 
uses a passive piezoelectric transducer to detect 
arterial wall pulsations. Other manufacturers also use 
these techniques. 

;ember. 1981 . Copyricht @198l. Qucst Publishing Co. 



r t  the waveform. llamsey (198q) de- 
the precautiom wliich must be taken 

i I ie mi i r  i:?erial pressure has :xen previously de- 
: .: .bed , i , I  yialuated (Kamsey, 1979; Yeldetman, 
! 19). I I !8!~i,::ral, we have been well served by this 

i I trum: ~ t Iriit as with any in!.tmment, these are 
~ I :itatii>i.li 

it mi ' 1  te anticipated that special condetions 
i I !.ht 2 . 8 1 ~  id:ien the pre-programmed algorithm of 
t : Din; r I i I :  sor any other autoniatic blood prtsure 

not obtain pressurts satisfactorily. The 
specifies that the Dinamap wdl not 

:rk p; i lw . :~ '  on patients wit]!. atrial fibrillation, 
'r :h :he,li t i i t i i :  below 40 or abov.:: 160 beats pet min. 
I :, and \ I  'If1 systolic pressure higher than 225 mmHg 
I meal, rrxiure lower than 26 to 29 mmHg. Some 
I tielit CHI lilions require rapid continual blood pres- 

I imtions, which are n':)t possible to  obtain 
i;itnap. From 30 to 4(i seconds are qwded 

,i ' a t:l ii ::I,'¡ blood pressure de,ti:rmination wilh this 
I :tniiri : I )  I f  the need for manu.il blood pressure de- 
.:, .mina I: II t1i:velops suddenly, i.. may not readily be 
:i isible: I ti , lisconnect the cuff from the Dinamqp and 
; iinixl i I 1: :i manual bulb and ,aneroid manoineter. 

m g  M g m  

The Dinamap cuff differs from a standard cull' fui 
having sepapte connectors for air inlet and outlei I:n 
regular use, a duaklumen ah  hose connects the :).iff 
t o~ two  ports on the Dinamap. T o  implement the ma- 
logmanual modification, one of the hoses is diswn- 
nected from its port. A test-block T-piece (Y 1.1: a 
standard Dinamap accessory, is connected to .:lie 
port, to the cuff, and, with a short piece of rul:i:ier 
hose, to  one leg of an ordinary stethoscope Y-!:i,ice 
(Y2). The parallel leg of the Y-piece is connectc::: to 
an aneroid manometer, and the third leg to a t h o d  
pressure bulb. 

In the automatic mode, all that is required is i:liat 
the blood pressure bulb valve be closed for thir in- 
strument to operate normally. If the bulb valve i!; in- 
advertently left open, the cuff wiii not inflate i ~ : :  no 
cuff pressure will be displayed. In the autotiiiiric 
mode, cuff pressure can be read on the aneroic ins- 
nometer, as well as on the automatic instrument '];:he 
Dinamap pressure deflates in steps which are cir:iirly 
visible on the aneroid scale. Ressure oscillationi ,::an 
also be seen during the pulsatile arterial phase. :'Ii :se 

W I  - , I :n va:. i I r g blood pressure me.isurements. 

\if DIFlr II'I[:iN m" I ,I IAMS i n t  :rni 845 : AUTOMATICMANUAL 

F l.OPOSE.I:i~ 4DAPTATION OF AUTOMATIC analog observations give-the anesthesiologist sonii: a i  

BblO .'%I E ';#SURE MONITORS surance that the automatic instrument is opei:il.ing 
properly. If an air leak develops in the interrd or 

We: 11 I I:: devised a system to hzlp mitigate some of external tubing, the stepwise deflation of the c.,lLr is 
t I: 1:m. I i..h Z'I of  automatic blotrd pressure mqnitors compromised, a condition which can eady be :wen 
i gene'; I liiii the Dinamap in particular. An analog/ on the aneroid manometer. 
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Evaluation of .blood-pressure 
transducers 

~~ ~~~~ 

This orrick suminari:rs rlte reporr of rhe eruluution ofsome pressure tninsducrrs, which was published in July 1982 ir1 ' H d  
Eq<mxir fnf%rnui!i@i' 103 

The n'porl. r/rr .secofrii iii 11 series corrriily il !iirnlher of blood-pressure irutni/ucers. is un erlliulrrion rfihree co!li.enrimd 
rrunsilucers, two wisr-warch srjle rrait.sducurs unil three miniucure transducers. C&ter-tip decices are nor included. 'f& 
ecaluntiim was curried our by Dr R. H. Smdlwoad of rhe üeparimrnr of Medicol Physics and Clinical Engineering. R-l 
Hullamshire Hnspitol. Sltefield. UK. The report commences w,irh on otierall comparison of the trnnsducers, which cocers tk 
type ofdomr, the method ofcleoning, rhe method of excitation and comments an the durability ofthe transducers. This ü 
followed by a table showing the speci.ficarhn of the transducers, us claimed by the munufacturers. The specijcations hure bnr 
converted to a common system ofunits io allow a direct comparison robe made. The nexr section gives an indicidual report DI 
each trunsdiicer, headed by a photograph o f t h e ~ a d u c e r  on a grid scale, and followed by the manufocturer's comments. A 
table showing the results of [he ecaluation isfoli9wed by on appendix outlining the philosophy b e h i d  rhe standards which Iian 
been used, and giiiny deruils of the tesr methods. 7he appendix is reprinted. with minor alrerations,/rom R. H .  Smallnmd 
(1978) The rechnical eoaiuarion of blood pressure transducers. 'Engineering in Medicine', 1, 4, pp. 211-215. 

The ocerall compirrison ofthe rransducers,rogerher with the tables showing theclaimedspecifcation and the results ofrk 
errtluarion. is reprinrril here. The E1liror.s are grateful to the DHSS.for permission ro use crown cop) +i 'g hr material. 

'introduction 

The transducers reported here are: 

Concenrionnl transducers 
*Bell & Howell 4-3271 
*Elcomatic EM 751 (and 751A) 
'Statham P23 ID 

Wrist-watch tramducers 
AME (Akerr) AE 840 
*Hewlett-Packard 1290A 

Cambridge Titran 
Gaeltec Luer Fitting Transducer 
Statham P50A. 

Miniature transducers 

Measurements of transducers marked with an asterirk are 
new to this report. Others are taken from the first evaluation 
report (STB 9/77), the transducers still being available. Far the 
sake ofcornpletenas all the information needed to compare the 
transduars has bcen repeated in this report. 

The basis for inclusion in the evaluation was that the 
transducer was o1 UK manufacture, or offered features o f  
particular interest, or commanded a significant part ofthe UK 
market. One example oieach transducer was assessed and the 
conclusions are based on the assumption that the units tested 
were representative of their type. 

The transducers were subjected to laboratory assessment. 
the tests reflecting aspctr of  importaria in clinical practice. 

Standards 

There is no British Standard nor is there an internationally 
recognized standard for [he sdety and performance require- 
ments ofblood-pressure transducers. I t  was.thereiore. necessary 
to devise a specification, the details ofwhich. together with the 
test methods used. are given in the Appendix to this report. 

Units o í  blood-pressure measurement 

Most people in the health professions will bc familiar with 
'mmHg' as the unit of mensurement for blood pressure. 
However. msnuracturerr quote the rF i l iwt ion  lor their tcMS 

71 

ducers not only in the familiar mmHg but also in parals(Pi) 
and millibars (mbar). In an attempt to standardize pressurn 
measurement the pascal has now been accepted as the intm- 
national unit of pressure msurernent but the bar, with iU 
smaller subdivision-the millibar-is also an acceptable intír- 
national unit. It was decided for this report to express mstue- 
mcnts of pressure in millibars; manuiacturers' quoted pressure 
ranges have all teen translated into this unit. 

The relationship between the various units are: 

1 mbar=üi kPa=&75mmHg 
Thus 

80mbar= 8kPa= óOmmHg 
120mbar=IZkPa= 90mmHg 
Ióümbar= I6 kPa= I2OmmHg 
200mbar =20kPa = l5OmmHg 
400mbar=40kPa=3MmmHg. 

Overall comparison 

There are various ianors to be considered Wore deciding which 
transducer best suits your requirements. As with most t h i n s  
there is no definite right or wrong transducer: the one pu 
choose willdepcndon yourownlocalcirnimstancesandon the 
use you intend for it. 

You should remember that transduars are available with a 
range ofconnectors to suit different monitoringryrtems. At the 
time ofordering you should state with which system you intend 
to use the transducer. 

üeluw are some general p ints  you should bear in mind. 

Style I$ trunsiiitcrr 
The transducers in this evaluation fall into three basic styles: 

Conceniionul: Bell & Howell 4.3271 
Elcomatic EM 751 and 751A 
Statham P23 ID 

Wri.x-w,urch AME (Akersl AE 840 
Hewlet-Packard 1290A 

Miniurure: Cambridge Titran 
Gaeltec Luer fitting transducer 
Statham P50A. 
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One style d o h  not hrve performance advantages over 
another, but the size and positioning of the transducer whilst in 
usecan conler ad\antapr in particular situations. For example. 
if you need to take frequent blood samples it is more convenient 
to use the conwntional-bodied transducer which is mounted at 
the patient's bedside and is, therefore. very accessible. Recent 
technical advancer have meant that auto-zeroing ola transducer 
is now possible; this has led to adwntages for the smaller 
lightweight transducers in certain situations. The miniature 
transducers, for instance, are useful in long-term monitoring as 
ihey obviate the need for extension tubes and allow greater 
beedom of mo\ement ior the patient. The wrist-watch trans- 
ducers are strapped directly on to the patient and are. therefore. 
less likely to be knocked and damaged. or suKer damage from 
over pressurizing the diaphragm by pinching the extension 
tubing. 

Reusable or disposable domes 
With the exception ofthe Gaeltec transducer. which is built into 
a male Luer connector, all the transducers evaluated had the 
capability of using either reusable domes, or disposable ones 
with integral diaphragms. The most important advantage of 
using disposable dames is that they reduce the fisk a l  cross- 
infection in comparison with transducers with reusable domes, 
which may not always have bem properly sterilized. Further, 
bkauw the transducer does not need to be sterilized it is not 
subjected to so much handling and consequently not so liable to 
accidental damage. Theoretically, the use of disposable domes 
could reduce the total number of transducers required because 
the transducer bodies themselves are always kept on the wards. 

However. as with all good things there are dinadvantager, the 
major one being an apparent increase in revenue costs: dir- 
posable domes tend to cost ahout half the amount of reusable 
ones (see table I )  

Method of cleurtiiiy 
The use of sterile disposable domes which have integral 
diaphragms, gets round the tricky problem of properly steriliz- 
ing tranducersbetween use. However, with theexception ofthe 
two wrist-watch style transducers for which the manufacturers 
supply only disposable dames. all the transducers in this 
evaluation may need to be sterilized: manufacturers recommend 
chemical sterilization. usually by ethylene oxide, though few 
hospitals have an approved facility for this type of sterilization. 
Other chemical procedures are merely methods of disinfection. 
One manufacturer, Elcomatic, at one time claimed their EM 
751A could beau1oclavedand.in fact.dufingthefirs1 evaluation 
it was subjected lo 10 autoclave cycles with less than I% change 
in calibration. However, the manufacturer found that hospitals 
were not sealing the electrical socket proprly before auto- 
claving, allowing water vapour to get in and causing the 
transducer to fail. This is no longer a method o f  sterilization 
recommended by the manufacturer. 

Method of excifufioit 
Most of the traisducers can be used with either an a.c. or d.c. 
excitation amplifier. The Gaeitec Luer fitting transducer is 
intended for a.c. excitation only and should be uscd with an a.c. 
amplifier if long-tem.stability ir important. However, if d.c. 
exdation is required the manufacturer can supply an a.c.1d.c. 

Tuble 1 .  Claimed specijcutiom taken from the manufucrurers' literature. 

. -. . .. . . ..~ .. . 
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interface at no extra charge. Hwlett-Packard specify their 
1290A should be used with an a.c. amplifier only, and, more 
specifically, only with their monitors that have an excitation 
frquency o f  2400Hr. We tested our sample at a irquency of 
5WOHz and found the performance was still within the 
manufacturer's spffification. We therefore believe that the 
Hewlett-Packard 1290A has amore general application than the 
manufacturer claims. The Bell &Howell 43271 is specified for 
use with a d.c. amplifier only. 

Durability 
Some of the factors which impinge on the life of the transducer 
have already been discussed. for instance the style o f  the 
transducer, the necessity of sterilization, but there are other 
factors to be taken into consideration, 

The major abuses transducers are subjected lo are excessive 
pressure to the diaphragm, being dropped on the floor, or  the 
application of tension lo the cable. On this latter point, the 
stilinesr of the cable and its strength must be carefully balanced. 
lithecableis too stili, thelikelihood ofdamage to the transducer 
from a 'whiplash eñect will be increased. This is particularly 
important with the small. lightweight miniature and wrist-watch 
transducers. Nevertheless. the cable must be strong enough to 
withstand strain and flexing. Gaeltec have told us that they have 
improved the flexibility of the cable on their Luer fitting 
transducer which used to be fairly stili. Transducers with 
detachable cables (Bell & Howell and EM 751A) have the 
advantage that the cable can be more flexible, and perhaps less 
durable. is it  is an easy matter to attach a new cable. 

One or the commonest ways of over-pressurizing a trans- 
ducer I\ !<> Iliish it through with a small volume syringe. I t  is 
easy 1 5 )  znpply i t  high pressure to the transducrr--2-5 
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kilogram-force (kgf) applied to a I ml disposable synnge will 
give a pressure o f  14.6 bar ( I  I F m m H g ) .  which is above the 
rated overload pressure o f  any transducers tested. In contras. 
the same force applied to a 2Oml disposabie syringe giws a 
pressure of8M)mbar(MW)mmHg).The recommended layout for 
flushing transducer and catheter is shorn in figure I .  it will be 
seen that the transducer and catheter can be flushed separately. 
and a very high pressure can be applied to flush narrow-bore 
catheters without damaging the transducer. The smaller trans 
ducers do not have a dome with two arms. The dome should be 
filled without the transducer connsted, and the t r a n s d m  
should then be attached without any farce being applied to the 
syringe. Other causes ofover-pressurization are stepping on, or 
wheeling trollies over, the catheter, and using motor-driven 
infusion systems without a safety CUI-OUI. The remedies are 
obvious! All the transducersevaluated.with theexceptionoftbe 
AME AE 840, were able to withstand the SOOOmbar pressure 
test: the AE 840 had a maximum pressure rating of 2MMmbar. 
which it passed, but themanufacturer now assures usthat it- 
withstand a maximum pressure of W m b a r .  

An easy way lo damage a delicate transducer is to store it 
unprotected-in a drawer or on a shelf for example. The 
manufacturer always supplies the transducer in a rigid, ohm 
plastic,box.Theseshouldberetainerland when thetransduceris 
not in use, it should be stored in the original box. 

Recommendations 
lAll prices quoted are those current at the end of April 1982.) 

Looking U I  rhc/r>ur conrenriond trunsducrri 
Bell & Howell 4-3271 lf371.451 
Elcomatic 
Stdtham P23 ID lf275) 

EM 751 (f202) and EM 751A (f222) 
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'a(.' Flush transducer 

Catbter 

5 ml syringe if 

w Measure pressure 

T2 Calheter 1 
Transducer 

5 ml syringe T 

w Flush catheter 

5 ml syringe T L 
Figure I .  The recommended procedure for flushing the 
transducer and catheter, TI and T 2  are three-way taps. T l  
is  used to vent the transducer to atmosphere, and a syringe of 
at least 5 ml capacity is ottached io T2,  u'hich is placed 
between the transducer and the corheter. With this layout, 
the transducer is isolated when the catheter is beingpushed, 
and will not be subjected to the high pressures necessary to 
push long, small-bore catheters. The transducer sliould be 
positioned with TI uppermost, to facilitate the removal of 
air bubblesfrom the dome, and the plunger of the syringe 
should be above the nozzle. so that air bubbles are not 
injected into the system. 

The zero pressure output 01 the Statham varied with 
excitation uoltage and perhaps more dironcertingly with 
transducer orienlation. Further. ils thermal drin was such that 
we suggest this transducer is suitable for arterial pressure 
measurement only. Though the Bell & Howell is considerably 
more expensive than the two Elcomatics. the thermal drift ofthe 
replacement4-3271 indicates that this is a good general-purpose 
transducer suitable for either arterial or venous pressure 
measurement, whereas the Elcomatics are best considered far 
arterial UK only. One doubt with the Bell & Howell transducer 
is that the zero pressure output is not acurate with all 
transducer amplifiers. only those with an excitation frequency at 
or near themanuBctureisraiedsupplyvollageof7.5Vd.c. For 
those who use reusable domes. it is worth noting that both the 
4-3271 and the EM 751A have the advantage o í a  detachable 
cable allowing the transducer to be comr>letelv immersed during 
sterilization'. 

Copies of Health Equipment Injorrnation are free to NHS staff 
(through the Administrator); otherwise they can be bought: 
(f3.00 each) from the DHSS Leaflets Unil, PO Box 21. 
Stanmore, Middlesen HA7 1A7, UK.  

Seminar announcement 
Biomaterials in Artificial Organs 
This is the fifth in the series of Strathclyde Bio- 
engineering Seminars and will be held on 12 and 13 
September 1983; it is being organkd by the 
Strathclyde Bioengineering Unit in association with 
the International Society for Artificial Organs. Four 
wssions are planned: blood purification proccduies(to 
be chaired by Professor P. C. Farrel. Australia); 
metabolic assist (with Professor R. E. Sparks. USA, in 
the chair); interaction ofbiomaterials with tissue and 
blood (chainnan Dr R. M. Lindsay, Canada); and a 
fourth consisting oí workshops on the three plenary 
sessions. 

The proceedingsoithe xmmar are IO be published 
by theMacmillan PnssLtd(ate.f26.00)andabstracts 
ofthe papers presented will appear, for the mating in 
AitiJkialOigons. The registration fa,whichcoversthe 
sei of abstracts tea, coffee and a reception is f90M. 
ü e t d s  from DI J. D .  S. Gaylw. Uniwrsit? sf 
Srroihcfydr. Binenginetriny Unir. WoYson Centre. 
106 Roiruruow. Glurgow G4 ONW, UK. 
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Sweep-Frequency Marker Generator 
For Blood Pressure Transducer Testing 
ARNOLD ST. I. LEE, P.E. 

Principal Consultant 
Information Transfer Corporation 
2008 Cotner Avenue 
Los Angel&. California 

A circuit which places accurate frequency calibrations on swept-frequency 
recordings is presented. This circuit is useful in the calibration of  direct 
blood pressure transducersand will haveapplications in the testing of other 
biological transducers as well. The design range of 1 Hz to 128J2 Hz is 
suitable for testing a broad range of biological transducers and systems. 
The circuit basically measures the periods between successive zero crossings. 
Pulses are generated that may be recorded on a swept-frequency strip chart 
record of an individual transducer. A series of  sixteen marker pulses indi- 
cates 1 Hz, J2 Hz, 2 Hz, 2J2 Hz, up to 128J2 Hz. A special wide pulse 
at  16 Hz distinguishes the marker pulses. 

Index Under: Blood Pressure Transducer Testing; Pressure Transducer 
Testing; Transducer Testing; Transducer Frequency Response; Sweep- 
Frequency Marker; Testing, Blood Pressure Transducers. 

-- 
INTRODUCTION transducer at the end of an arterial line with an air 

, I  bubble present A resonance IS present along with 
attenuation of high frequencies. A simultaneous test 

 transducer svstems (in addition to observing their of a Mdlar catheter tip transducer is shown below the 
A common method of testing direct blood pressure 

c .  response t o  a-square wave of pressure) is to record the 
system output with a swept-frequency, constant- 

. ~mpl i tude  sine wave of pressure input. At the low 
frequencies of interest (1-180 Hz), it is inconvenient to 

-?mploy resonance phenomena to generate frequency 
narkers. Accurate measurement o f  the frequency on 
a swept-frequency strip chart record is difficult, i f  not 

jmpossible.  While mechanical methods have been used 
‘o synchronize a strip chart to a swept-frequency 
dscillator, such methods are cumbersome. The circuit 

.. 

“brand X recording ;or reference purposes. 
The output of the sweepfrequency marker circuit 

isshown in the middle of the record. The initial stroke 
o f  the wide pulse marks 16 Hz. The other marker 
pulsesare at 1 Hz,J~Hz,~Hz,~J~Hz,JHz,~J~Hz, 
and sa on. up to a last frequency mark of 90.5 (64J 2) 
Hz. The sweep-frequency marks may be conveniently 
used to determine transducer frequency characteristics. 
DESCRIPTION OF CIRCUIT 

J m  
for the required f,,,, mark frequency. o f  each mark. 
Because logaritliniic sweeps arc oftcn used, marks at 
equal 109 spacing were chosen. I t  secnied adcquate to 
have one mark between each’octave (double the frc- 
quency) marker. The circuit rcsponds to a swept i’re- 

@PLICATION, .. 
Figure 1 showqa typical application of the sweep 

Trequency marker generator in blood pressure trans- 
, , j u c e r  testing. ,Figure 1 (top) shows a “brand X” - 

Journal of Clinical Engineering VOI. 8 NO. 3. JUI> . Srptembrr ivms . í‘onyrighi 0 l Y R 3  0ue-t I’uhlidmg <‘o. 
r. .- 
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I I ,  I n r >  

Figure I 
Typical Use of Swept-Frequency Marker Generator in Testing Blood Pressure Transducers 

Sweep-frequency markers are shown here between two recordings. The “Brand X ”  transducer (top) a t  the 
end of an arterial line with an air bubble shows resonant response and atenuated high frequency response 
The Millar Catheirr Tip Transducer (bottom) is shown for refcrence I n  these calibrations. 20 vertical lines 
equal 10 torr The last frequency mark is a t  90.5 ( 6 4 J 2 )  Hí 

J 
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Figure 2 
Sweep-Freqtrency Marker Generator Schemafic 



loigure 3 
Breadboard of Sweep-Frequency Marker Generator 

qixricy starting below 1 Hz by outputting a series of 
I i i ~  !pulses at 1 Hz, at J 2  Hz, 2, 2 J 2 , 4 ,  4J2, etc., up 
to I28J2 Hz. f i e  problem of “n%arking the markm’’ 
(:iri<!..icating the frequency of the marker) was solved 
bi. inaking the I6 Hz pulse subbtantially longer in 
d imt ion  than &e usual 20 msec. Even though a given 
tmi sequence might not include the whole range, it 
umild always be practicable to  include 16 Hz. If .the 
cii.c:iiit is initiaüzed with the sweep frequency greater 
.tk,a::i 1 Hz, a mark would be generated a t  each zero 
8:ro:iiiing until me  circuit “catches up” with the fie- 
,qii.e ricy generator, after which it operates normally. 

1”lie input &pal (which must begreater than 10 mV 
pcalc.) is applied tó a zero crossing detector which out- 
pii.t!; 2 Fsec %.zero-crossing” pulses (zx puises)’from 
bcltk. Q and at  every negative-going crossing. The 
2 L:r;ec ZX pnlsc proceeds throu& the output gate 
m[i.t‘ it can), ami triggers the ourput pulse generator. 
.wliose duration is controlled by the pulse lengthener 
.wi,!i:h t o  be eiilkr 20 or 520 msec. 

The output gate may prevent the ZX pulse from 
reaching the output pulse generator by three different 
mechanisms : 

1) the start lock is in reset position (unlocked, 
Q low); 

2) the priority lock is locked (0 low): or 
3 )  the end-run lock is locked (0 low). 

The initializing switch directly resets the start lock 
and the end-run lock, and indirectly (through the reset 
generator) resets the priority lock. Thus, immediately 
after initidking, the ZX pulse is blocked by start lock 
low. However, the fust ZX Q pulse, on returning high, 
flips the start lock into the locked state. 

The next ZX pulse can thus go through the output 
gate, provided that the priority lock isnot flipped fust. 
The priority lock is clocked from the decoded output 
of a selectable-modulus counter-timer, which counts 
clock pulses from the dual-frequency oscillator (eithcr 
65,540 Hz or 92,670 Hz). In the initialized state, the 
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priorifj lock will be flippedon the (8192 x 8)th clock, 
or 1.000 second. If the priority lock is flipped before 
the next negative-going zero crossing (this means that 
the input sigial  frcqiiency is still lower than 1 Hz), 
the ZX ptilsc will bc blocked by the output ,gate. 
However, at tlic cnil of each ZX pulse thepriority lock 
is reset. repeating the process until a negative-going 
zero crossing occurs before one second has passed. 

When this happens, the output pulse generator out- 
put flips the alterriating F / F  so that the clock pulses 
being counted now are at  the higher frequency (xJ 7 ,  
or 92,670 Hz). Now the priority lock is locked (out- 
put gute disabled) at - seconds, and no output pulse 

is generated until the input signal frequency is greater 
than J 2 Hz. When tliisoccurs, the output pulsc again 
flips the alternating F/F,  whose Q output goes high, 
triggering the 4570 UP counler. which, along with 
reverting the clock t o  65,540 Hz, changes the address 
of the tfecoder from O00 t o  001. This now flips the 
prlorlty k ~ c k  on the (4096 x 8)th clock pulse (0.5 sec- 
onds; 2 Hz). The sequence is repeated until the decoder 
address reaches 100 (recognizing 16 Hz), when the 
"100" detector output to the pulse lengthener adds 
an additional 5 pfd t o  the oritpiit pulse generator tiiii- 
iiig circuit, causing the output pulse length to change 
from approximately 20 to approximately 520 msec. 
The end-riin lock is locked (flipped) when the 4520 UP 
counter reaches 1000, putting an end to the circuit 
operation. Figure 3 shows the constructed and opera- 
tional breadboard of this circuit. Table I lists the cir- 
cuit components. 

I 
J 2  

TABLE I 
CIRCUIT COMPONENTS 

12 volt power supply 
Toggle switch DPDT, momentary 
CA 3130 OP AMP 
CA 3140 OP AMP 
401 1 QUAD NAND GATE 
4027 J-K FIF 
4040 12-Stage Counter 
4053 Analog Electronic Switch 
4071 QUAD OR GATE 
4512 8-Channel Data Selector 
4520 Dual 4-Stage UP Counter 
4528 Dual Monostable Multivibrator 

Resistors í %  W): 
22K 
5.1K 
1 OK 
. 1 M  
4.7M 
4.7 
20M 

1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 

2 
2 
1 
3 
1 
1 
1 

4JK 
112K 
12M 
82K 
.22M 
4.3K 
.33M 

Capacitors: 
1 0 0 p f  ' 

43 pf 
39 pf 
56 pf 
10 pf 
.2 p/d 50V 
5 pfd 25V 

Diodes: 
IN914, or similar 

Trimpots: 
100K 
20K 
10K 

1 
1 
1 
1 
2 
1 
1 

1 
1 
1 
1 
1 .  
1 
1 

5 

CONCLUSIONS 

A useful circuit has been designed that produces 
calibration marker pulses during swept-frequency 
testing of transducers. The output of this circuit may 
be recorded on a strip chart event marker. This circuit 
i s  useful in testing a broad range of physiological 
transducers where swept-frequency testing is used. 

ARNOLD ST. J. LEE, B.A., P.E. 
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Assessment of Hitachi HME-20 pulse and 
blood-pressure monitor 

Materials and methods 

The Hitachi HhlE-20 pulse and hlood-prrssurc monitor 
is a fully automatic unit which can opcratr from mains or 
hatter?. . in  elcctronk miirophonr. shirldcd from 
i~xtranrous noisr in thr prrssiirr cull. i s  cmploycd IO 

drtect Korotkoffsoundr. Phase i ofthr liorotkoffsounds 
i s  taken as the diastolic cnd-paint. Automatic iiillaiion 
and deflation is performid and rrsults arr displayed on a 
fluorescent digital display. 'Thr measuring ratqr is from 
0-300 mm Hg and 30-200 heats pcr minutr. In oprration. 
the crilfis positioncd so that ihr  microphonc rxcrlirs thr 
maximal pulsation of the brachial arterv. If  an inadr- 
quate signal is detectrd, the instrument Sails to producr a 
result and indicates un error on the display scrcrn, rhus 
minimizing possihlc error whcn uscd by an unskilled 
individual. 

Supine blood-pressure was rrcorded from the lcft arm 
and the results compared wit!Vsimultancousl? rrcorded 
intra-arterial m e a s u r c m ~ n t ~ .  T h e  procrdurr was prr- 
íormrd towards thr rnd 01. lrli hcart catlimrization Tor 
coronary artrriography in right suhjccts: a11 o f  whom 
conscntrd to rhr study. In cach r a w  thc cathrtrr tip was 
pwitioned in the arch of rhr w r t s  to approriniiitc 10  rhr 
innominate artcry. T h m a f t c r .  I O  sucrvssivc simul- 
taneous measurrments o í  hlood-prcsrurr wcrc rrcordrd. 
Cathcter patrncy was maintainrd betwrm readings hy 
continuous flusliinx with a normal salitir and hipir in  
mixturr. Intra-irtrrial prcssurr was cliartrd continu- 
ously and calculaird as a m m n  of 1.5 complrxrs im- 
mrdiately prior to culf inflation and hcart-ratr was 
calculated from a simultanrous i.lrctr«r:iI-<lioqrani. using 
tlir mean oflivc K-K intrr\ala prrcrdini: cull inllution 

Intmartcrial B P  !\is ~ C ~ S L I I I . ~  using ii Uviit1i.y ~Ir:inti.c 
Physiol<,qical Picr\urr ' l r . u ~ ~ d u c ~ ~ r  I \liidi.I xlltii and a 
Sicmcns rl~ctn>iniiii<)m~trT with a hlinqoq;ipIi  XI six- 
channrl rccordcr. ralilirütioii hvins c;irricd out prior I O  

each procedure with a nicrcury manomctcr. I>iri.ii 
calibration o í  thr svstmn was c a r r i d  OUI hclirc rarh 
recording ag-aiiisi J mririir? cdunin.  100 mmHq Iicinq 
rquivali:nr to a i cm dellectiim on t 1 ~  rcrimlinq ~ p a p ~ r .  
150 cm Iqinr: nran~m<-tcr c ~ n w c t i n q  liiws UITV  usrd. 
manulacturcd hy I'<rtvs. Zrn, i-cfcrriiti. i c v d  \\as i.iki.n 
is nd-tlmrztx i n  thc ~upinv p o s i t i o n  :4Iilioiirli t h i s  
iirhniquc hiir I iwn a r i q ~ v d  I>! c,tlicr.i IC) pro\ i<h. i i n  

...-....., .... , ___-. . 
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Results 

In grxirral. thr drvicr undrrrstimaied systolic hlwd- 
prrssurr. but rrproduced an accurate asscssmcnt 
0 1  diasiolii prcssurc. 'l'herr was a highly significant 
( p  < 0-001) cordaion with dirrct rcadings fix hoih 
systolic and diastolic rrci>rdiii~s (SPC ligurr 1) atid also lir 
hrart-ratc ilisurc 2). Systolic prrssurr was undcrcsii- 
matrd hy a mriin 01' -12 mmHg (p < 0.001). Gross 
undwcsiimation dsys ta l i c  prrssurr trndcd to occur with 
a systolic prrssurr ovrr 180 nimHR, where in two patirnts 
thr drvirc undcrrstimawd by rnorc than 30 mmHg on a 
numhcr o í  occasions. T a h l r  I shows that no significant 
diffrrrncr could be demonstrated brtwcrn the mran 
valurs lor diastolic BP, or ihr nican hcdrt-raw hctwccn 
thc ttio mcihods. T h e  mcan and srandard dcriation of 
rach parameter and results ofpaired t-tests is also shown 
in thr tahlr. 'For each comparison, a histogram oi 
bctwccn-mcttiod diticrcncr has h e m  consrructrd (figures 
3 and 4). only 31% ofsystolic rrcordings fell within I 1 0  
mniHg olthc intra-artcrial rradii ip,  although 62% a i t h c  
rcadings arc within 10 rnmHgoíthc linr ofidcntiiy in ihr  
rrqioii o1' 10&150 mniHg. 80% oí diasiolic rrcvrdings 
also ii.11 in this rangr. 63.9% oílirari-raw nmasurcincnts 
ir4 i v i t l i i n  *5 brats pcr niinutc o í thosr  calculaicd (ioni 
thr clrctrocardiogram. Variability oímeasurcmcnis was 
not significantly diticreni lor systolic Iiluod-pressure 
n h c n  compJriiig 1.4 against thc Hiiaclii ni<>nilor ( p  > 
0.1). Hoivrvrr, t11ire uas  a sipnilicant dillcrrncr i n  
variability l¿>r diastolic prcssurc (0.U > p > 0.01). 

80- 

- 

60- 

- 

. / 

I 
O 60 80 mo 

E.C.G.. b.p.m. 

Figure 2. Scalier ploc o f  heorl-raft oblaimd from eltdrocardio- 
grm and rirnullonrour~ recorded 6.v Hilochi H.ilE-2V. 
(* p < 0.Wl; b.p.m. = beds per minulr; ECG = rlrclro- 
cardiogram.) 
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Fipw 3. In). Frrgi~rnq hisro,qrnm "/ briu,rtn nirihod difl¿rrnrc 
/Or ~ y s ~ o l i c  prmurt .  31% of monitor wodiqs within 2 111 ntr~iH,q 
qrinira- nrirr id  prr~ iun .  62% uiihin I20 »rmii,q. 

fb). Frrgarnrs hirlo,qrnm u/ brtwm-mrihod di//errnrr ,/6r 
d inr io l i rprmrm 80"/0 qfrnoniior reodingí uiihin 21íJ mmHe of 
inirn-arrrrinl prusurc. 

Heart-ratc measurcmrnt wrialAity did nut dilrrr sisnifi- 
cantly (p > 0.1) whcii compürrd to the E C C  rccordinq. 
T h e  scatter diagrams far .stolic and diastolic blood- 
pressurc indicate a trend a a ?  from the l i n i  of identity. 
T o  dctcrmirir il'this trend is significant l ix  a ++in rang' 
oíhlood-pressures a Chi-squared value was calculatcd l'or 
successivc ranges of blood prrssurrr (viz. for systolic B P  
<100, 10C-109, 110-119. 3 1 2 0  mmHgj. Thusx'can hc 
split into a component duc to lincar regression (¡.e. trcnd) 
and a component due to departuris from linear rrgrcs- 
sian. T h e  procedure is as dctailrd hy Armitage [IO]. T h r  
results for systolic blood-prcssurc are shown i n  tahlc 2 ,  
which shows a highly significant trend which rcsults i n  
erroneous measurcmcnt as t h i  blood-prcssurc increases. 
Similar risults lovrrall ~2 < 0.001 j are apparrnt lor 
diastolic blood-pressure. \\hcn hrart-ratr is sub,jectrd tí) 
this analysis, no significant trend was dcmonstratcd, and 
thus i t  can hc accrpted thar thr relationship hrta-rcn 

Table 2. :lrniiio,qei i u i  /or irmd. applipd io r n q e r  o/ ! iciol i i  
blood prmure. indicuiin8 n hi,qh!r ri,qniJcnN trend. 

Grouu <lot1 10&10!i 11&11'1 3120 '1',11:,1 

HEART RATE 

Frequency 
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A'solid state recorder for ambulatory 
monitoring of pulmonary-artery pressure 
S. G. Perry', A. W. Nathant, T. Cochriwt, P. T. Gosling* and A. J. Cammt 
SI. B<iril!oloincs'r Horpiriil. U'e.si Smirhfield. London ECI A 7BE 

perntunenr sroruge and subsequent unalysis. Fitie putienrs were euch successfilly ntonirored for ur leusr 24 h. Tk 

A compucr, porruble recording s w e m  hus been developed ro record pulnionari.-urrery pressure in uritbuluiory putients. A 
rransducer iiiounred on the rip of u coiiceiirionul cordiuc cutheier is iniprred percuruneously und positioiied i n  rhe niuin 
pulmonuri. urtery. Anulogue circuitry, including peuk and rrouyh deiectors, pre-processes rhe pressure/volruge nuoefornt lo 
yield sampled rulues for rhe sysrolii and diusrolic pressures. Systolic and diastolic aulues sumpled eorrj 30 s ure digirized and 
stored in CMOS semicoiiducror memory. Duro ucquired ot'er u prolonged period is  rrunsferred 10 u microcomputer /or 

drilr was less rhun 1% and quin srubiliry was ulso berrer thun I % ocer 48 h. This dedce ullows prucfical, sufe, reliable and 
prolonged pressure recording u d  has wide-runging clinlcul potentiui. 

Introduction 
Left-heart failure isacommon clinical manilestation ofwronary 
artery disease. hypertension. aortic or  mitral valve disease and 
of various cardiomyopathies. In h&odynamic terms it is 
characterized and may be quantified by a rise in the left 
ventricular enddiastolic pressure. This may be measured 
directly For short pena% o f  time and usually requires arterial ' 
puncture. Howc\'er. in the abrence of mitral stenosis the mean 
pulmonary-artery w e d s  pressure and the pulmonary-arterv 
diastolic pressure are both similar [I] and approximate to the 
left ventricular enddiastolic pressure. These pressures are easily 
measured using simple and safe venous catheterization and such 
measurements facilitate the diagnosis and eñective treatment of 
patients with both aoik and chronic heart-failure, as well as 
pulmonary hypertension. Progress of disease can also be 
lollawed Haemodpamic profiles o f  drugs designed to treat 
heart-failure may be determined. 

W s i d e  pulmonary-pressure monitoring has been used for 
many years [?and 31 both for diagnosis and also for assessing 
the respan% to therapy. However. changer in cardiac output 
and in peripheral volume in the ambulant subject may have 
considerable eñect on systemic and pulmonary haemodynamics 
[4]. Evaluation of these changes has hitherto been limited. In 
particular. the assessment ofexertional dyspnoea and the design 
ofideal treatmentregimnisisrestricted by thesole useofbedside 
monitoring. 

Nanpal pulmonary-artery pressure is in the region of 
25/8mmHg but may vary, for example from 10 to IWmmHg 
systolic. CurrenUy, available technology does not allow 
accurate. prolonged recording oí such pressures and to 
overcome the problemsassociated with this type ofmonitoring 
we haw adopted a new approach 

System design 
The rys!crn design can be considered in four stages: 
( I I  transducer. (2) pm-amplifier and data processing, (3) data 
storage. (41 dala retrieval and presentation. 

Trirrisilirce~r 
A miniature strain-gauge transducer (Gaelts Ltd. Dunvegan. 
Isle of Skye. UK). measuring lOmm in length by I .6mm in 

__._ 
* üe,wrrinm oí M<vli;ul Eit~crunicr. 
t ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ n r  or c<,r,ii+t~. 

, \ , , > < " , I  ,Ye,.),<,.* Irrwi,L,* 

diameter, mounted onto a 2mm diameter polyurethane 
catheter, is used to directly measure the pressure in the 
pulmonary artery (figure I). The strain-gauge elements are 
vacuumdepasited onto thediaphragm,as aretheconnstionsto 
thc !cad wirer. The catheter has a fine Cmtral bore to allow 
atmospheric pressure to be used as the rekrence pressure for the 
transducer. The diaphragm is covered with a thin layer of 
silicone rubber lo protect it from M y  fluids. The transducer is 
equilibrated by soaking in sterile saline lor at least 5 h prior to 
insertion; the catheter may then be inserted percutaneously 
through the venous system and positioned in the main 
pulmonary artery. 

Pre-amplifier and dota processing 
A standard unit provides the excitation signal lor the transducer 
and also some initial amplification and demodulation to 
produce the desired signal. ARer further amplification and 
filtering to give an output o f  lOmV per mmHg applied pressure 
with a frequency response from O to 20Hr (MB), the pressure 
signal is then passed to two analogue peak detectors which 
follow the systolic and diastolic pressure waveforms. 'Bleed' 
resistors are incorparated to allow slowly varying systolic and 
diastolic levels to be followed. The two output signals are then 
passed through a low-pass filter with a time constant of 30s to 
smooth out variations due to respiration. 

D a t o  s torage 
The two signals proporriond to systolic and diastolic peak 
pressures are sampled every 30s and then multiplexed into an 8 

2 mm 

H 

Figure I .  Tlie rro>ailucr.r ripped curhrier. 
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bit analogue-to-digital converter (ADC) having a conversion 
time of I ms. The full-scale range of the system is - IOmmHg 
lo + 1WmmHg. giving a resolution o f  fQ43mmHg. Ailer 
cmversion, the 8 bit data bytes are written into semiconductor 
memory in the order: systolic. diastolic, systolic. diastolic etc. 
After each diastolic datum has k n  stored the memory address 
counter is incremented by one. Memory capacity for each 
parameter is 4096 bytes. whicli gives a total continuous 
recording time oi up to 33 h. To ensure that only valid data are 
brought out of memory on replay. the last memory address is 
stored on latches and during replay the stored address is 
compared with the current address. When the two are qual an 
'end-of-data' flag is set. 

The master clock which wntrols the timing ofthe system has 
two frequmcies: one for use in r sord  made set at 1 Hr and the 
other for use in playback mode set at 2kHr. Rewrd and 
playback are selected by means of a iront-panel mounted key 
switch, which also has a 'hold position lo allow the recorder to 
be transported between patient and data-retrieval system 
without either loss oí valid data or recording of íalw data. A 
block diagram of the complete unit is shown in figure 2. 

To reduce current drain the recorder was constructed using 
CMOS semiconductor technology. Using a supply voltage of 
f5V. the current consumption was approximately 14mA. 
Power was supplied by two 9 V (PP9 size) rechargeable batteries 
each with a capacity o i  I.2Ah. The complete unit measures 
230mm x 220mm x 95mm and weighs approximately 1.5 kg. 

i 
! I  , !  

To 
drker 

To 
drker 

For ambulatory use the recorder is carried by means of a 
shoulder strap. A photograph oithe unit U shown in figure 3. 

Datu retriecol und presentation 
Data is transferred from the reccordn via a standard digital 
input output interface In a Data General MPlW Micro-Nova 
minicomputer (Dala General. Adelaide House. London EC4). 
Eleven lines wsre required to eRm the transfer: the eight data 
lines. a data-available line to strobe input data into the 
computer's data-input register. an end-ofdaia line and the 
earth line. The transfer rate was conirolled by the internal clock 
in the recarder; a complete transfer of 24h of data taking 
approximately I mi". 

On receipt ofthemd-oidataflag. thedatamaybevalidated 
by displaying on a visual display screen beforc k i n g  converted 
to mmHg and written to an 8 in floppy disc for storage. Each side 
ofadisccanhold 25 iull24h recordings.Line-printa wpyolthe 
data is also available (figure 4). Data stored on floppy disc is 
plotted oñ-line using a Data General 3/12 computer system 
supporting a Tektronix 4010 graphics terminal and a Bryans 

recording or in an expanded form at up to hourly intervals. 
ZMXX), A3 plotter. The data may be plotted as a full 24h e 

? ': 

Results 
Five patunts have ban successfully monitored lor up to four 
consecutive 24h pcriods. Mean pressures rangod from 
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Figure 3. A subject with ihe recorder ortuched. 

PATIENT NAIPE : 

STUDY DESCRIPTOR : COW STUDY 6 

1113mmHg to 70130mmHg. The transducer was calibrated 
immediately prior lo  insenion and again on removal. Over the 
period of recording. the zero-level drift and gain stability of the 
transducer were less than I",, or full wale. 

Figure 5 shows a typical 24 h plot of systolic and diastolic 
pulmonary-artery pressures. The numbered arrows correlate 
with symptoms noted in the patient's diary. Several points can 
be noted from this figure. The mean systolic1diastolic ratio was 
I713 mmHg. There were. however, considerable excursions from 
these mean levels; the systolic pressure ranged from as low as 
5mmHgupto 33mmHg. while thediastolic villuesrangcd from 
-6mmHg lo 9mmHg. As might be expected, the pressure 
variations were least marked during sleep. 

Figure 6 illustrates the effectiveness of the system for 
monitoring the progress o f  drug treatment in an ambulatory 
patient. The figure shows the systolic and diastolic pressure 
variations over a 24h period in which vasodilator therapy was 
introduced The patient's pressure fell gradually from 70130 to 
50/19mmHg. 

Discussion 
Two major factors which determined the design of this 
ambulatory pressure recorder were the choice of prcssure 
transducer and the method of data storage. 

Ambulatory systemic arterial-pressures may be monitored 
using the Oxiord continuous blood-pressure recorder [q. This 
system uses an external pressure transducer connected lo the 
patient via a fluid-filled catheter which is nushed continuously to 
prevent blockagc.ihe analogue pressure signal is recorded onto 
magnetic cassette-tape for ofl-line analysis. The technical 
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CimBuLAroRv PULI-IONARY-ARTERIAL PRESSURES 
VATJCNT : E02573 UATC  : 6  10 01 
COmnENT : A l l 6  STUDV 5 
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Figure 5. A typical24 h plot of systolic and diastolic pulmonary-artery pressures. The numbered arrows correlate with the 
symptoms noted in thepatient'sdiory as follows: ( 1 )  exercise test:(2)slight chest pain:(3)periodofba~chestpain;(4)dullchest 
pain: (5) feeling sick: (6) climbing stairs. 

Figure6. A ,I 
infarction. Trii 
obserued. 

evaluation of Millar-Craig et 01. [6] shows that errors inherent 
in tape-recorder systems would be too great to allow such small 
changes in pulmonary-artery pressure lo be monitored 
accurately. 

U x  of a transducer tipped catheter overcame many of the 
problemrassociated with external transducers [il In particular, 
hydrostatic pressure changes due to alteration in transducer 
positici relative to the pulmonaryarteryareelimioated [7].The 
need for constant Rushing devices to prevent catheter blockage 
is also obviated. 

However. use of this type of indwelling transducer does 
present its own problems. Once inserted. it  cannot be 
recalibrated without remoual, which m a n s  that it must have 
stable zero-alise1 and gain characteristics. To ensure zero-oñxt 
stability, equilibration of the transducer in saline for several 
hours isessential because thesilicone rubber membrane over the 
diaphragm absorbs fluid and deforms, applying an effective 
zero-oñset pressure. However, once equilibrated the zero drift 
on the transducer did not exceed i I mmHg. The use of AC 
excitation helps reduce electrolytic corrosion of the transducer 
strain-gauge elements. Its small size and the sensitivity required 
for accurate monitoring dictate that the transducer membrane 
be rather delicate. Care is needed in the initial handling and 
insertion stages Io prevent damage. But once successfully 
inserted thi.; type ofpressure-monitoring catheter is both stable 
and reliablc [SI. 

Semiconductor memory was chosen for data storage to 
Overcome the noise, dril? and linearity problems associated with 
cassette-tupe recorder systems or radiotelemetry systems 
preiiourly used lor ambulatory pressure monitoring [6  and 91. 
Thia.however.imposeslimilson theamountofdata thatmaybe 
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stored in a conveniently sized unit. There is inevitably a 
compromise between storage capacity, physical size and battery 
power consumption. In order to compress the data to be stored 
into the 8 kbytes of available memory systolic and diastolic 
pressures were sampled every 30s for the present study. Even in 
this compressed form, the data recorded is of clinical value for 
both the primary diagnosis of pathological haemdynamic 
disorders and for monitoring therapy in a wide range o í d i a c  
conditions. 

Future developments 
The prototype described in this paper has shown that i t  is 
feasible to record pulmonary-artery pressure in ambulatory 
patients over a lengthy period. I t  has limited memory capacity 
and is inflexible to the extent tha1.a change of the recorded 
parameters requires a completely new system. Incorporating P 

microprocessor to analyse the incoming signal directly would 
reduce both of these drawbacks: the need for much of the 
analogue pre-processing circuitry would be removed. as would 
the present timing and wntrol logic. With reduced component 
numbers. memory capacity could be increarcd to at least 64 
kbytes. allowing storage of a greater number of parameters 
including, for instance, the heart-rate. Shorter sampling 
intervals would also be possible. In addition. a microproarsor- 
based system would provnde greater power and greater 
Reribility. If diñerent physiological parameters were to be 
measured, only the controlling d t w a w  need be altered. This 
su&-estr the possibility of a recording system capable o í  
monitoring most physiological parameters where only the 
transducer or its interface need be changed. 

Conclusion 
A portable de, 
sampled puln- 
subjects. U d !  
accurate. safe ;¡ 
both the asses! 
failure and w i t 0  
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F l lEULATORY P U L l l O N A R r - A R T E R I A L  PRESSURES 
PATIENT  : 543151 DATE 03 12 B1 
COllPlENT . COVP S T U D Y  la 
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Figure 6 .  A plot showing the eflect ofuasodilator therapy in a patienr wirh Iefr-wntricular d~'sfunctionJo1lowing myocardial 
~iMaretion. Treatment was started ar approximately 18:OO hours. The subsequentfall in pulmonary-arrery pressure can be 
observed. 

Condlision 
A portable device has ban dcvelopcd to mcasun and store 
sampled pulmonary-artery prcssure values in ambulatory 
subjects. Used in a clinical setting it has b a n  shown to be 
accurate, sale and reliable and has wide-ranging potential for 
both the asScssmcnt and monitoring of patients with heart- 
failure and with pulmonary hypertension. 
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Microprocessor-control of drug in 
auto ma tic b I ood- pressure co ntro I 

L N A u e r  H Rodler 
u , ,ycl js nk fur NewoLhirurgie m t i a 2  Landertrankenhaua A 8036 Graz Wrsl < 

Abstract-A microprocessor- controlledinlusion pump (5 describedlor the aulommc control of hypotermon 
or antihypertensive treatment with sodium nmoprursid The sysitm ieuwres the continrimis 
monitoring of blood Dresswe 8s an input srgnal lo the mmoprocessor, the laller rrgulat,n$ b l o m  
pressure lo lhe desiird level by rtepwrsr changes m infusion rate. The infusion pump prqveo 
valuable tor m ~ r i w t  caw diid n t  i i :owioer~ under controlled hypotension 

Keywords-Blood-pressure cot,,rol, inlusio,, iluiup. i v lmop iw -,qsors 

1 lntruducrion 
H Y P O T I ~ Y S ~ V I -  and antihypertensive therapy Is a 
routine measure in clinical medicine. Sodium- 
nitroprusside has turned out to be an especially 
eflectiri. drug both for precise blood-pressure 
rcciiiaiion during <urger? under controlled 
Ii!potension and for hypertensive emergencies ( A ~ J E R .  
1978,i. 1Y7Xh. BrrKEK and BENOWITZ, 1979; 
SIIF.I,I+KI,. l Y N i i  Itsdirect action on iascularsmooth 
muscle explains the.rapidaction within the first minute 
ofinfusion. One problem arising from such a therapy is 
the need for continuous control of infusion rate. 
adapting it to the continuously monitored blood 
pressure. For this a n  additional nurse is necessary 
during the drug's administration in intensivecare. and 
an additional task for the anaesthetist during 
hypotensive surgery. 

Therefore. a device was developd to contrdi 
antihqpertensiw and hypotcnsiie trcatment 
automaticall? and keep blood pimsurc on  a desired 
le\el with thc aid of a microproci.ssiii- 

2 Technical elements and computer program 
Bl«od pressure IS moniiored continuousl! v a  a 

catheter in the radial arter!. a Stratham P23dB 
iraniducer and a Hellige elcctromanometer. This 
signal enters a microprocessor-regulated infusion 
pump. Fig. 1 demonstrates the automatic infusion 
device \*ith its display oi infusion rate and operating 
levers. One knoh allous the choice of a desircd blood 
pressure salue lmean prersurel: a sicond elemeiii 
:iIlou% the selection of time inter!al ior autormitic 

do\agc-r:iic c h a n p  'Thc microprocessor regulates thi  
infusion rate necehsary to bring blood pressure from 11. 

current value to  the desired level, and to keen i t  a i  thi. 
level +Y!,.,. 

This system is  hence esDeciallv amronriatc linr . .. . 
automatic control of blood pressure in patient, u I I  t, 
short-lasting hypertensive crises. uhen thc  III!!I\I<,: 
pumpimmediately delivers a certain am0iini VI i i r t i_  , :  

the blood pressure exceeds the 5", I n e l  aho\i ! I  

desired pressure. Additionally. the trigger Ievcl a h o n  
and below the chosen pressure level is f r w  
adjustable. 

For micropriicessor control or the peristalii 
infusion pump. an Intel microprocessor type XOXSA. :ir 
e.p.r.o.m.type8755A16K.aREMry~Xi552Kand.ii: 
a.d. transducer type 8708 6-channel R-bit are used. Tlii 
miCrocomputer records the blood pressure sign.il 
arriving via the a.d. transducer (Fig. 2 1  

As safety features. an air alarm and a 'crincal I .  
pressure' alarm are included in the system. 
A rubber section of the infusion line is squeetcd 

sinusiodall) b) a pacemaker-driver camshaft ii 111 

naps. The motor itself has a d-phase-frequenc!-,ii I 

gcnerated by the microprocessor. 
The microcomputer program is hased oi . ' ,, 

experience of the standard way n i  infusinc ' 
nitroprussid for blood-pressure control in mL.i L' 
100 patients in the intensiie-care unit 
operating theatre. One regulatory piin 
s!>icini uith a biolopical feedback. hlood-prc.-i . 
rsspmhe in the present case. is  the obseriaticiii 
l;itcnc! period. The interial hetueen infuiiim id  I 

drug and respon% oí blood pressure I S  ar(,iiriii : '  

Therefore. the optimal time intcriül i:i . 
rcfiilator! slcps of the misroproci.~wr 
found to he around 45 s. This \illur c m  h 
Lnoh i n i  dioun on Fig. 1. E\cr? 4 5 % .  t h e  
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Fig. 4 Conrrolled hypotension 
(o) 1 Conrrolled hypoimsion during surgery. M.A.P 

had sl<iwly h u m  hroughr io 80 mmHy and is then 
lowered down to 55mniHg lor clippiny OJ an 
oneurpsm. Th = odmimtrriiion ut ~nirat~mous 
anarsrhrri< drug supporiiny l~ypiiimrion ,(or u 
shun xhile. The do .qrru ic i s  ihivqlure lowered 

intrrmirrmrly: ih<wolter nsirii, again IO bring 
oboui u conrinuous m.o.p. decreased ro the 
desired IYWI OJ 55 mmHg. flor = I mrir 

Blood prcssurr is kepi ai i h i b  lecel during the 
phose OJ prepuroiion -and clipping OJ the 
aneuryism. Tlrv dosage rqie stohiliser 01 <I rots oJ 
ohoui 120mlih. flor = 1 min. 

(bl 

Medical 8, Eioiogical Engineering & Cornputtno March 1981 113 



Fig. 6 Durinq inrercds brrxuun h?perten~iceepisodrs.m.u.p. 
is ohrrrcud ond ihr 'uuromut~c untihypertensire 
eunrrd is in u'ro,ii.gposition'.!he pumpdirmihutiny 
nudruyiiroiiori.ervturdorrr hrrreen lOand50ml/h  

, 

.. 
quick reaction 01 infusion rate that inhibits blood 
pressure from rising, before a nurse could have noticed 
the pressure rise and reacted by giving an 
antthyprtrnsive drug. Between such pressure pwka. 
the pump remains in a 'waiting position'. 
administering a low dosage for preservation of the 
desired pressure level (Fig. 6). Sometimes, a potential 
rise in m.a.p. could not even be noticed on the blood- 
pressure curve (see Figs. 36, Sa and bi, since 
counteraction by an increase in dosage rate came 

.. 

~ . ~ .  

. _  

:qu.,li) rdpid i;.diii 

The present debice prowd cer) accurütc in the 
maintenance of a dcsired level o1 blood pressurr w i t h  
only small dcriations. 

~ihiioiili.ili,inrnri~ This un i i  U -dpPurIed hi l h t  

6 r i r r r c i c h i x h r r  Fonds der ~rurrl.. i 
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i jf m Iivasive Determination of Central Blood Pressure 
hv I impedance Plethysmography 

or!- 1 ne*, al.:ori hm 118wi1 <in impedance plethysmography 
anexperimental hasis, of arterial 

r . Sigmliovir il,< 1ii.iihinl~rteryirepickeduphylour 
1,rtroiIes :$Itf chctl t i t  I I N  ikinward sideola regular h i d  

pi 2 (.I>' . Ma11 t:ni.atiial i , m t h s  are used lo deflne those impd-  
81 Irw 11 at eo,'r~:;p<i id ti, s?\ltdic, diastoiic, and mean nrlerial 

' '  VSIUI:~ Th. e w  I . I~)I>C of'the impdance pulses recorded 
ili , cull . I  flstioii i;in lie <I. ,Iiiir>tl  by linear regressbnr, function of 
j i  . , ni, ' f  aliza iiidepend.,til i.iriahle, which is the ratio between 
11 5 ~lii J : 01th I pu~lsr. will> md\imum amplitude and afthe ampli- 
t i  th: 1, ilses , v i i l i  ei.nsi;iril itiiiplitudt. These linur regressions 

mi o he iiniveriall) ~np~~lic~ihle, the Inüuence of individual 
ic I' '!ation h.ivin: bwii elieiiinated by the use o í a  normalized 

\ ,  , . # ,  e. '!- t: re8uI I ,,I! this *tiid' ]prove that the variable pulse ampli- 
I I  ,taii, : duri 'I: 21 ci ff ddi81iini is  a quantiflable reaction of the 
L I .  or:, item I O  .irtr*ial < N W ~  icllon. 

. 3 1 . 8 ,  . t  de dc:ri iniii~ti<i:ii. 

h l  i-.<ll>' CTION 

r ." * E I .I illoinctric twiiniqac, one of the oldest tech- 
1 qm . for ineri.1 h l ~ x d  pressure determination [l], 

l. E k i-d <,n thi wJ.-kiiown but insufficiently ex- 
1: I ,d 1 irsioliifica. picnoriienon: Le., where a pneu- 
I. i CI:.: ' iandxged iver tlie arm is deflated fmm a start- 
I. 'es.! 112 wt ,I ow r hi! siihject's systolic pressure, the 
:I . 11 I .I I puls.ties dub: to the pulsatory blood circula- 
I: ' rkii j ulsa icns nt,l!ul3ti. the pressure in the cuff and 
I: ci! I I  ions ait!  s,:nstd 'y a pressure transducer. Typ- 
i ~ 8n:i . re  o ic  i.laiion.; i i i i '  shown in Fig. 1. It is as- 
! I i 1.1 !I infon:iatiort J i r x i l y  related to blood pressure 
i , i t i l i  ~ : j  in i.h:ir %wdop! [3]-[11]. 

: ow t e di;istiilic pn'ssiiii: the oscillometric pulse am- 
[ I es, i i i  n e w r  c3ns::iiit. There is no externally im- 
1 ~ ai1 I ial c,,:'nstria:tia!i bclow diastolic pressure; hence, 

I , asi :I below th.s \ ; ~ I I I c .  But there is a relationship 
( , 1:I ,! weeti cuff p i ~ w i i c  and the corresponding pulse 
I ' .  tui:, ' n n<.mial :ir< tihiion: if the pressure in the cuff 
¡ 8 '  her I iw or absent. rncn the pulsations are poorly 
I 1 4  nil. ' I to t i i f .  tri ns<liicei [12]. There is no marker in 
I ' ic:il I netric t:n! elope ai the instant when normal lo- 
I ret. .I ion w u n  s aiid this prevents the development 
I ' . a'l! d h n i  t'iat is i c l m d  to normal unrestricted cir- 
I I_ o11 

I :ctr , iI irrxiiaiice [ilc:itiysmography overcomes this 

', . ,  I at¡# II shoiil(. be un.ilixted while the cuff pressure is 

nu!, ' . I  rcc, " i d  Axi l  'I. I"RI,. 
HI ' < vici i: w ih 11 e I J  I vri..,iy of Miami, Coral Gables. FL 33124. 

Rid I i s  wi i l i  :>oulI ,  M i i i i i  Iliq>ital. Miami, FL 33143. 
,, iinli i rrear:h C'oq or.it:im \lismi. FL 33102. 

:E I ,I N ~ ~ I E .  w n 0 3 !  

CUR 
d 

Pig. L. Simultaneous recordings during cuff deflation of impedance pie- 
thysmogniphie signals and oscillometric signals. 

Fig. 2. The blwd pressure cuff with four electrodes as used in this study. 

drawback, being able to represent blood circulation even 
without a constriction applied around the limb. 

In our studies, we applied a special set of four elec- 
trodes to the skinward side of a regular blood-pressurn 
cuff (Fig. 2). When the cuff is either inflating or deflating. 
a similar phenomenon of modulated pulsations occU15 as 
described for the oscillometric technique. The train of 
electrical impedance pulses as a function of cuff pressure 
(Pc) (Fig. 1) is'very similar to the simultaneous OScillO- 
metric record, with the very important difference that 
when Pc is below diastolic pressure (Po), the amplitudes 
(negative) of the impedance pulses are constant Ihe 
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way to almost zero cuff pressure, consequently marking 
the unrestricted arterial blood circulation in the arm. 

Several attempts were made in the past to use imped- 
ance plethysmography for blood pressure measurements 
[131-[17]. These attempts were based on empirical algo- 
rithms similar to those used for oscillometric measure- 
ments. The first pulse during cuff deflation was consid- 
ered representative of the systolic pressure Ps; diastolic 
pressure Po was assumed to be marked by the inflection 
in the vanishing envelope. A cuff-pressure with two elec- 
trodes together with another two pasted electrodes placed 
on the limb, far from the cuff, were used to form a four-elec- 
trode impedance plethysmography system [14], [ 151. 

In the publications cited, no attempts were made to de- 
termine the mean arterial pressure (P,) by impedance 
plethysmography. The maximum pulse amplitude is as- 
sumed to signify mean brachial pressure in the oscillo- 
metric measurements [3], [4]. All our experiments have 
proven that with both impedance plethysmography and 
oscillometric techniques the maximum of the negative 
pulse envelope occurs at the same cuff pressure. 

In the literature concerned with impedance plethysmog- 
raphy, the pulses produced by the pulsating blood are 
called AZ(t) pulses. For baseline stability reasons most o f  
the investigators prefer to use the differential of these 
pulses called dZ/dt pulses. 

Fig. I shows an example of the dZ/dt pulses sensed 
with the system described above. The amplitude (nega- 
tive) of these pulses is very different from person to per- 
son, as is the ratio between the maximum amplitude and 
the aniplitude of the constant ampliiude pulses. The dZ/ 
dt pulse amplitude, therefqre, should be a function of such 
anatomic factors as: thickness of the arterial wall, elastic- 
ity of the surrounding tissue, ratio between artery and limb 
diameters, artery position inside the limb, blood resistiv- 
ity, etc. 

Up to the diastolic pressure, or at least up to around 
40-50 mmHg cuff pressure, the negative pulse is constant 
and the above physical characteristics will determine the 
pulse amplitude for a particular subject. In other words, 
the negative amplitude of the constant-amplitude dZ/dt 
pulses (Ao) is mainly a function of the static (anatomic) 
characteristics of the body. 

At a certain cuff pressure PM. the dZ/dt pulse amplitude 
reaches a maximum, AM. This maximum pulse amplitude 
should be a function of some dynamic characteristics o f  
the body, as for example: the ability of the circulatoiy 
system to develop passive hyperemia or to increase the 
arterial compliance, the cardiac output, the blood pres- 
sure, the limit of linear expansion of the arterial wall, the 
limit of linear compression of the tissue, etc. 

It is obvious, then, that the maximum pulse amplitude, 
AM, is a function of dynamic (physiologic) characteristics 
of the body, as well us of the previously mentioned static 
ones. 

We can obtain a dimensionless indicator of the body's 
dynamic characteristics by dividing the maximum ampli- 
tude, A,, by the constant amplitude, A,. Using the ratio 
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A,/A, as an independent mathematical variable, we as- 
sumed that we can establish some rules governing the en- 
velope of the electrical impedance pulses and identify the 
amplitude of those pulses that signify systolic, mean ar- 
terial, and diastolic pressures. 

The theoretical development of these rules is not the 
goal o f  this paper; consequently, the three hypothesized 
linear functions were determined and tested experimen- 
tally. 

DETERMINATION OP THE RELATIONSHIPS GOVERNING 
THE ENVELOPE OF THE IMPEDANCE PULSES 

Method 
Four strips of HI-MEG conductive Velcro are attached 

to the skinward side of a regular blood pressure cuff (Fig. 
2) and connected to an impedance plethysmograph. 

The instrument, shown in a block diagram form (Fig. 
3), delivers a constant alternating current (10 kHz) to the 
outer two cuff electrodes. A differential amplifier with 
high input impedance senses the impedance variations 
U(t) produced between the two inner cuff electrodes by 
the pulsating blood. The instrument also contains a de- 
modulator and a loop for the compensation of the dc com- 
ponent of the electrical impedance signal (in fact, the 
mean limb impedance Z,,), and a differentiating amplifier 
(time constant RC = 5O.lOm3 s) for the generation of the 
first derivative of  AZ(t), the so-called dZ/dt pulse. 

The cuff is inflated or deflated by a system composed 
of an air pump (pressure/vacvum), a pressure transducer, 
an amplifier, an electranic switch, and a ~ e z  of electro- ' 

magnetic air valves (Fig. 4). 
Blood pressure is messud  during cuff deflation. Be- 

tween the systolic and the dmtolic prcssurcs the rate of 
deflation was self-adjuded between 2.5 m H g  and 5 
mmHg per heartbeat (depding  on the subject's ann 
size). The deflation is linear within 5.5 percent, referring 
the deviation to the pressure domain (systolic-diastolic) 
for that particular patient. The whole blood pressure de- 
termination takes about 45 s. The rate of deflation was set 
manually but in the future it can be controlled 4s a func- 
tion of the patient's hean rate. 

A significant number of human impedance plethysmog- 
raphy measurements were made simultaneously with di- 
rect blood pressure measurements in the aorta and later 
processed. Aortic blood pressure measurements were 
made using a Hewlett-Packard Catheter System Model 
8890 a with a Pressure Conditioner Model 8816 (max. 
frequency 200 Hz) and a Fluid-Filled Transducer Model 
128OC (max. frequency 300 Hz). 

Samples of the simultaneous recordings are shown in 
Fig. 5. The middle trace is the direct blood pressure in 
the aorta: the top peak of each pulse is fs, the bottom 
geak is Po. the flat portion of the trace is P,. 

A group of 26 patients were involved in the first exper- 
iments. Each had cardiac problems but none had clini- 
cally apparent peripheral vascular disease. There were 23 
males and 3 females ranging in age from 35 to 81 years 
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Fig. 4. Block diagram of the inflator-deflator. A-amplifier, C-compr- 
.lor, R-day. 
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Fig. 5. Simultaneous mordings of the central catheter line and of the 
impedance plethysmograph during a cycle of cuff deflation. 

(:n 111, 63). The recordings of two of these patients could 
I I < ,  ':I:: pwesred bccause these patients had large arms, 
UI .. ik:I for the ''adult" size (12.4 x 25.9 cm) of our 

it .: cuff anothi:r one was not processed because o f  
111 I ' .ia )le information from the catheter line (very i r q -  
ul . I  rhythm and pressure). The cardiac catheterization 
pi . itd ir,: was performed after mild sedation with Diaze- 
p; I .it1 11 local anesthesia in the inguinal area using the 

11 :I Seldinger technique. 
\k ltiil i: the pressure catheter was maintained in the aorta, 

3- ' I I s iccessive coiiiplete deflation cycles of impedance 
WI xnents were done on each patient. 
1111: following method was used to find functional re- 

la: i' ins! iips aniong different impedance pulse amplitude 
¿ir', I 1 1 ~  independent variable AM/Ao. 

F )r each recording cycle the values A ,  and the aver- 
a$ :)I' f o  between cuff pressure of 40 and 50 mmHg were 

t xl and then the ratios A,/Ao were calculated and 
a\ ,. : Í~I;I XI for each patient. 

'r i,e pressure values measured by the catheter line 
lo, XII of the three significant blood pressures were 
rn ~i KCC on the cuff pressure curve. 

, 

c) These points were vertically projected to the dZ/dt 
recordings. 

d) The negative amplitude of the nearest pulse or the 
interpolated value of the neighboring pulses was marked 
down. 

e) These amplitudes of dzldt were normalized and 
averaged for each patient, then plotted as functions of A,/ 
A. for that particular patient in graphs representing all the 
patients. 

The baseline for each recording was the residual level 
of &/dt for Pc > Ps. All the amplitudes were measured 
from the strip chart. 

Results 

A small number of the recordings were partially or to- 
tally unpmessable because of technical problems, such 
as missing catheter P, value, patient movement, loss of 
calibration in the catheter line, a patient with Ps > 200 
mmHg (this is the maximum value pmcessable by our 
present equipment but there is no technical or physical 
limitation to going beyond 200 mmHg), etc. A total of 
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Fig. 7. AdAo as a function of the independent variable. AulAo. I = 0.76. 
p = 0.36. 

0 3  
. 
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Fig. 6. Ad4 as a function of the independent variable, A,&. N = 26, 
r = 0.79, p = 0.08: N = 24, I = 0.92. p - 0.04. 

133-142 recordings were processed for each of the three 
characteristic blood pressure values (PD, Ps. P,,,) (almost 
6 recordings/patient/charactenstic pressure value). 

The results of these measurements are presented in Figs. 
6 , 7 ,  and 8. Statistical calculations show good linear cor- 
relations for each group of data. The regression lines cal- 
culated for each group of data lead us to define three equa- 
tions: 

AD A M  
AM A0 
- = 0.965 - 0.141 - 

A M  As = 0.5% - - 1.07 
Ao Ao 

AM 
AD Ao 

0.632 - - 0.221 A m  - =  (3) Pig. 8. AJA, as a funciion of the independent variable. Au/Au. I 3 0.87, 
P = 0.26. 

where AD is the dZ/dt pulse amplitude at the moment the 
cuff pressure is equal to the diastolic pressure Po; As is Equations (1). (2), and (3) prove that the phenomenon. 
the dWdf pulse amplitude at the moment the cuff pressure previously described as just a qualitative reaction of the 
is equal to the systolic pressure Ps; A, is the dZ/df pulse circulatory system to arienal constriction, is now quanti- 
amplitude at the moment the cuff pressure is equal to the fiable. These equations are assumed to be universally ap- 
mean pressure P,. plicable: the anatomic differences of each individual are 
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Fig. 9. Method of finding the significan1 prcssun values from lhe cleci". 
C I I  impdance mording. 

eliminated by the normalized independent variable, 
A,/A,. 

BLOOD PRESSURE DETERMINATION 
Method 

Figs. 9 and 10 illustrate how the previous equations (1), 
(2), and (3) can be utilized. We assume that during a cuff 
deflation cycle we have stored a train of pulses as in Fig. 
9. 

The amplinides of the pulses are averaged in the cuff 
pressure range of 40-50 mmHg, and A. is found. It ap- 
pears experimentally that the average of 6-8 pulses is suf- 
ficient. However, on occasions when the respiratory ar- 
tifact is very strong, A,, should be averaged over a full 
respiratory cycle. 

The maximum pulse (AM) is found and identified and 
the independent variable A,/Ao is calculated. It is only a 
matter of computation to find AD from (1) and As from 
(2). Electrically, these values of AD and As represent two 
thresholds. The pulses closest to these thresholds com- 
spond to PD and Ps, respectively. The actual pressure is 
read from the cuff pressure trace by vertically projecting 
the pulses significant for Po and Ps (Fig. 9). If the thresh- 
old is between two pulses, then the pressure is obtained 
as the average of the two. 

Once the pulse amplitude AD is computed, (3) will yield 
A,,,. The same procedure as described above will lead to 
the determination of the actual mean arterial pressure P,,,. 

A s  a general rule [4], PD < P, and P, > P, where 
PM is the cuff pressure which corresponds to the appear- 
ance of the pulse with maximum amplitude A, (Figs. 5 
and 9). 

Results 
The first application of the above algorithm was the ret- 

rospective determination of blood pressure by impedance 
plethysmography for the 26 patients involved in the above- 
mentioned study (Group I). The values determined by 

Fig. 10. Flow chsn of thc methodology of blood prcssurr determination 
by impcdam pkthyrmogtaphy. 

impedance plethysmography were compared with the val- 
ues obtained by direct measurement of intraaortic pres- 

Meanwhile, a second group of 19 patients was submit- 
ted to the same data-collecting procedure as previously 
described. They consisted of 13 males and 6 females who 
ranged in age from 42 to 70 years (mean, 60). They wcrc 
all suffering from cardiac illnesses; none had clinically 
apparent peripheral vascular disease. During the proce- 
dure they were sedated and anesthetized in the same con- 
dition as Group I. 

Five of these patients had to be eliminated from the 

sure. 
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Fig 13. P. by impedance versus P. by catheter Fig. 1 1 ,  P, by ImpCdance versus PD by catheter. 

tient. A good correlation between the values of each blood 
prcgsure value measured by impedance plethysmography 
and by direct aortic line, and a normal Gauss distribution 
of the errors introduced by the impedance technique were 
found. The results of these calculations are pnsented in 
Table I and Figs. 14, 15, apd 16. Standard deviation, 
skewness, kurtosis, and the distribution of ermrs were all 
based on the e m  of determination as defined by relation 
(4). 

The relatively larger e m r  for P, (Fig. 16) is not attrib- 
uted to the algorithm (3) but to the methodology used to 
determine the pulse with the amplitude obtained from (3). 
W e  nonnaily the pulse significant for P,,, was found in 
the portion of the recordings with higher pressure values 
than PM, in 11.6 percent of the cases (18 out of the 155 
strips), the catheter P,,, was of smaller value than P,. The 
algorithm for P,,, [see (3)l was found and applied, consid- 
ering as a rule that the DUIS~ simificant for P- must be 

W. 

m w  
m. 

ID. - 
6 

m o o y o m m w  - P. nniN 

Fig. 12. Pr by impcd.nec vemus Psby saüictsr. 

_- study because of some technical problems, e.g., inaccu- 
rate instrument manipulation, catheter movement, etc. 

~ The ncordings obtained from these new experiments 
(Group II) were also processed as in Fig. 9 using (1)-(3). 

-I 

The blood pressure values obtained from the two groups 
. of patients using the impedance plethysmograpbic (IPG) 

procedure described above, as compared with the equiv- 
-e- alent values obtained by direct intraaortic recording cath- 

eter (CATH), a n  presented in Figs. 11, 12, and 13. The 
statistical calculations are summarized in Table I for 

c _  Group I1 and for Groups I and iI pooled together. In this 
table the error was calculated by dividing the deviation of 
each sample to the catheter pressure value of that sample, 
catheter value being considend as the m e  determination: 

(4) 

W e  did statistical calculations for the whole determi- 
nations as well as for the determinations averaged per pa- 

L 

X - - PCATH . 
€ -  

%.4TH 
*. 

- 

_. . 
loofed for at the recording portioñ with P, > & pi]. w e  
do not yet have the explanation of this situation nor an 
algorithm for detecting this anomaly. Further studies are 
planned to determine if these are normal events or if they 
are due to errors in the equipment calibration. 

Even so, if all these results are compared with the re- 
sults of Bruner ef d. [12, pp. 184-1881, one can see that 
this ILCW technique is able to provide a tremendous im- 
provement in accuracy compated with the auscultatory or 
the oscillometric techniques. 

DISCUSSION AND CONCLUSION 
The above results show that the hypothesis that three 

linear equations can accurately state as an algorithm for 
blood pressure determination is fairly well proven to be 
valid and that this is a good way to extract PD, Ps. and 
P,,, from impedance plethysmographic measurements. 

Based on the algorithm and the methodology described 

envisioned using a simple computing scheme for gener- 

i 
! 

above, a practical clinical monitoring instrument can be 
t 
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n 

Fig. IS.  Distribution oiemrs for Pr. 

<x 

Fig. 14. Distribution ofemn for Pp only the steady value, Ao. and the largest amplitude 
pulse, AM, are needed for setting the thresholds for pies. - 
sure readings; 

important; all calculations are in normalized form; 

coincides with the peak of each pulse.. 

c .  ating the t h m  blood pressure values in real time, nonin- 
vasively. The advantages of such an instrument are: 

the shape of (-mdt) pulses is not important; only 
the peak value of each pulse is needed; 

the accuracy of the amplitude determination is no1 

it is only necessary to know the cuff pressure that 

C. 
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Fig I6 Distnbut~on of ermrs lor P. 

The phenomenon on which this new technique is based 
s mathematically described. The blood pressure values 

-ire derived from a mathematical model that can be tested 
and refined by increasing the number of subjects involved 
“n its validation. 

The superiority of the technique presented here as com- 
pared with other techniques for blood-pressure detenni- 

,nation is the fact that it is the first one by which all three 
f the important blood pressures values can be measured 

koninvasively and almost simultaneously. The ausculta- 
tory, oscillometric, and ultrasonic techniques measure 

“ily two values and calculate the third. 
.-.it is well known that blood pressure measured directly 
from the aorta differs significantly from that obtained from 
k am [ISl-[211. The present algorithm provides central 

cad pressure values which are the most important clin- 
E ~ l l y  [2 I] but, we assume that it is feasible to express the 
ssults in  tems of brachial pressure if correction factors 
1 . the relationships between central and brachial pres- 
h ;e, as identified in other studies, are taken into account. 
This assumption is based on the facts that: i) the shape of 
tF- impedance pulse has no contribution to the measure- 
rhnt and ii) the change in pulse amplitude is not impor- 
tant, the computation being based on the ratio o f  two am- 
ditudes (A,,, and Ao). 

t is presumed that this technique (as well as all tech- 
nkques using inflating cuffs) may not be useful for patients 
with local upper extremity vascular disease. We must 
flition also that the sensitivity to motion artifact may not 
iq-rove as compared with other noninvasive techniques. 

The simplicity of the technique, using a regular blood 
pu-sure cuff with four conductive Velcro electrodes at- 
ta ed to the skinward side of the cuff, makes the tech- 

r- 

b- 

”. 
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nique attractive for use in the physician’s office and i n  
hospitals. The attachment o f  all four electrodes to the 
skinward side of a regular blood pressure cuff is original 
in our approach. It allows the operator to have a single 
item applied on the patient’s arm and it provides mea- 
surements i n  a relatively narmw limb segment directly 
over the arterial obstruction when the cuff is pressurized. 
The application of the cuff completes preparations for the 
measurements. The technique is able to comply with the 
proposed AAMI standard for electronic blood-pressure 
measurement without restrictions. 

As many studies were done about comparisons between 
other noninvasive techniques for blood-pressure detemi- 
nation and the direct line technique, the authors did not 
consider o f  priority interest to relate the present technique 
to any one o f  these. Good correlation with the direct line 
technique is decisive for any new technique. 
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plot o1 cull pressure against pulrc arrival time IAT) pravldcs 
t r a n i i t i ~ n b  which identify both syslol~c and diawilc 
pressures as shown in Fig. I h. 

Implementation of the p.a.1. method requirc. ihr 
availability al a constant timc relcrence in the cardiac qcic: 
iwosuch re1erencerexisi:the Hwaveofihee.c.p. oran arirrlai 
pulse detected at any con~enicnt site. To !IIustr;~tc the 
potential oithe p.a.1. method to indicate syr lo l~  and diastolic 
pressures. studies were carried nut using five dogs with both 
timing rrierencer. 

4nr~ihcii\eddoerwereu*cd andadirp-<i\ahleiniant hlo'd- 
pii'riure cufl 14.3 x i I cml  * a i  applied I<) ihe livclimh The 
ip4oicial and contralalcral rndial artme\  uere canniiiaicd 
lor rciordlng presriire Cull prerrure and thr r ~ c  p Ilcad I I ,  
xerc AIS" recorded On a high-speed ririp-chart rcc0rael . 
(Ciouid. Inc.. Cleveland. Ohio. USAj. The records were 
measured with a lime resolution olabout2 ms. The point 01 
positive slope. ¡.e. the beginning o1 pulse upstroke. was used 
lor measurement as shown in Figs, 2 and 3. 
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2 Conilurio" 
\ !io\ oicrhod has been described which prrmit, 

h c  and diastolic pressures indirectly. The 
d on rhe breakthrough time ol thc pulrr 
Direct artcrial lines ucrc u s d  in this 5iudy to 

dr.monstratr the principie. The mrrhod can be possibly 
.tpplicd uhin. two arterial: pulse ptCkups. one located just 
iic)und the culland the uthrr ill any other c ~ n v m e n t  site. 
Pisrurlcctric. phuiwlcctric or impedance pulse detection arc 
i l l  candida1i.r ior this appiicatiim A vxond payer *ill show 
how accur:~tc 'he method I< uiih tui> An-iiiiitcr 
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f:iLi t l 1 ; t t  ihc prcsciif 
\ ; I ~ ~ L I I I S  conditions ,\ !kicli n ~ i i l d  cli.,iige the \ ; isocoii : , irictivc 
tone.  I 

Severiil i i i s trumints  siiiiiliir io this h i v e  rcceiitly h e m  
d a e l o p e d  iisiiig thi. . I  ! iwilt: i t ioii iii:tliiid iii tlic iippcr i i r i n .  

One \viis proposed !,y INISMAN rf ri l .  (I9h2), aiid it was  
tccliiiic:tlly i n i p r o w l  hy S C ~ I N I ~ I D I ~ R  (1968) mid Si  I I S L I I > L R  cf 
U ; .  ,i~;;jTiiiacoii.ists ofacoiiveiiiioii;il arni.occliii!iiigciill 
with a microphone  lor detect ing K o r o i k o N  sound, coin- 
prcsxd-iiir source for'supplying cuN pressure,  a p o r t a b l e  
i : ipc-recorder lor the sound and c u l l p r e s s u r e  aiid a sequen-  
tiitl c«iitroller lor the ii iciisurcmeni.  Although this is one of 
the iiscliil iiictliods ofa i i ib i i la lory  moi i i tor ing ol the  indirect  
,ii.tcriitl y r i s s u r c ,  there  remain ser ious  practic:il problems  
SI ICh  :IS 

(i) coii!,idcr:ihle discoiiifort produced b y  long-(cr in  
ii ic,isii icnieiit  iisiiig the upper a r m  BS a incasiiriiig site 

[ii) t l ic  i iccd for a large-capaci ty  a ir  source ;ind e lectr ic  
pon cr 

(iii) ci i i i ibcrsome procedures  for playback  processing to 
d ~ t i i i i i  the results 

(iv) hrge size and heavy weight. 

n1c iiistruineiit described here wis  designed to overcoi i ie  
these drawbacks .  

I n  coiiclusion.  this iiistriiiiiciit for tlie long-term iiiiibu- 
latory moni tor ing  of iiidircct ai~tci~i;t l  prcssurc :ippc;irs to 
have g o o d  operat ing  chiiriictcristics aiid to be one oí the 
n o s t  helpful aiid useful means ol rnc:iiiiriiig nioiiieiitory 
wriiitions of arrcriiil prissure. 

.I<~iio,llprly>iieiir ~ T h c  i i ~~ i l iu~s  wish t o  t l i . i i i k  \Ir. S. Oiiiiina. 
President, M.E. Coiiinicrci:il Coi p., Tobyo, J:ip:<n, fur ilieir ,issis- 
iance in constructing the instiwiiicnt, Professor K. Tsiichiya, 
Department of Mechaiiic:il Enginwring, Waseda Linivcrsity. :aid 
Professor T. Togawa, Institute for Medical & Dental Eiig,ineering, 
Tokyo Medical & Dental Lliiiversity, fur their \aluable criticism. 
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Direct blood-pressure measurements: 
risks, technological evolution and 

some cyrrent problems & F .  c \ \ )  
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n in an attempt to 
direct blood-prw, 

'1 The need for direct blood-pressure ,, I 

.. measurements .I ( 47' ' 

THF direct measurement of blood preLure a l l b s  a better 
,.-.&sse$sment of the cardiovascular system through direct 

quantitative. measurements. With this monitoring tech- 
*-nipue the development of dangerous haemodynamic events 

To @$,vi: direct blood-pressure measurements it is 
neceisary to insert a catheter directly into the -. cardiovascular system. This invasive technique has certain 
risks associated with it, and these m)&$,k$ weighed against 

...,. the benefits that can be obtained. in many patients with 
cardiacQiease the benefits do outweigh the risks (KAPLAN, 

-..1979). . .. 
Blood-pressure can he measured from both the venous 

--and the arterial side of the circulatory system. 
Measurements from each side yield important but different 

""cardiovascular parameters. 
Central venous pressure (CVP) reflects the patient's 

blood volume, venous tone, and right arterial and 
L,. ventricular pressures. For these pressures to be measured 

acfyratdy it is necessary to have the catheter in a major 
 vein fiit$!nithe thorax or directly in the right side of the 

heart (KAPLAN, 1979). 
r. CVP values fluctuate about atmospheric pressure 

(FLANACAN et al., 1969), and the level of the right heart is 
usually taken as the zero reference point from which other 
pressures are measured. 

The CVP indicates right heart and not left heart 
CJ". w i d l a n c e .  Therefore it is necessary to monitor left 

arterial pressure directly with a catheter in the left atrium, 
 or indirectly with a Swan-Ganz catheter in the pulmonary 
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artery using the pulmonary capillary wedge pressure as an 
approximation of left arterial pressure (YAPLAN, 1979). 

2 Patient risks 
Probably the two most important risks associated with 

patient treatment requiring vascular cannulation and direct 
pressure monitoring are air embolism and thrombosis. 

2.1 Air embolism 
Air embolism is the introduction of air into the 

circulatory system. This can occur as a direct result of 
diagnos!ic or therapeutic air insumation (DURANT et al., 
1947; GOTTLIEB et al., 1965), during surgery 
(MICHENFELDER, 1968). as the indirect result of blood 

or nutritional infusion (GRACE, 1977; FLANAGAN e t  al.. 
1969) and during direct blood-pressure monitoring (Ross 
et al., 1979; ORDWAY, 1974). 

Vascular air embolism can occur in both the venous and 
the arterial ortion of the cardiovascular syctem, but each 

Venous air embolism may reduce or stop the flow of 
blood through the right heart (DURANT et al., 1947) or it 
may cause neurological complications (GRACE, 1977). The 
exact of venous air which is fatal to humans is not 

(1965) indicated that it may vary between 300-1600ml. 
YEAKEL (1968) described an incident where 2Wml of air 
admitted to the central venous system during an interval of 
only a few seconds caused the death of the patient. Animal 
experiments indicate that the rate of air injection is also 
important in determining the amount of air that $6'@É'' 
lethal (DURANT et ul., 1947). The lethal dose of intravenous 
air for humans is estimated by ORDWAY (1974) to be 
approximately 200ml when delivered at a rate of 70- 
105 mis- '. 

(RUESCH et al., 1960; YEAKEL, 1968). during 

type has its % u% characteristic eíiect on the patient. 

known exact 'i y. but the review paper of GOTTLIEB et al. 
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Arterial air embolism achieves its efTects through a 
diNerent mechanism. Air entering the pulmonary vein 
passes through thnJ$\,side of the heart into the aorta. 
T h y ,  depending 38% the position of the patient, ahd 
hence the aorta, it IS possible for the air to nse into the 
coronary and/or cerebral ayVjries (BAGDONAS et al., 1960). 
Air entering these vessels I&&$ t&bobstruct the flow of 
blood to areas supplied by the'vessels. CHASE (1934) 
showed that air emboli can produce vasoconstriction of the 
artery, and this can compound the effect of the mechanical 
obstruction of the smaller vessels caused by the presence of 
aiu Animal experiments have also indicated that air emboli 
could be better tolerated if it entered into the right 
common carotid artery (I.Ocm' per kilogram body weight) 
than if it entered the innominate artery (O1 cm' per 
kilogram body weight) (COMES et u/., 1973). However, in 
these studies the rate of air injection was not discussed. 

Occlusion of the coronary circulation by an air emboli 
causes ischaemia and ventricular fibrillation. In dogs, small 
amounts of air (0.05-1.0ml) injected into the coronary 
circulation have been shown to be fatal (DURANT et al., 
1949). DURANT et u/. ( 1949) also described the neurological 
characteristics of cerebral air emboli. 

, .1,, . 

~ ,C' 2.2 Thrombosis )J 

Thrombosis is the formation of a blood Clot in the blood 
vessel. This can be caused by the presence of the catheter 
itself and is a common complication of radial artery 
cannulation (BEDFORD and WOLLMAN, 1973). Non-Teflon 
catheters appear to be more thrombogenic than Teflon 
catheters (BEDFORD, 1975), and nontapered 20-gauge 
Teflon catheters have had the lowest incidence of 
thrombosis (KIN et al., 1975) in radial artery cannulation. 

Any solid particle such as a thrombus or foreign material 
such as a piece of plastic or glass entering the bloodstream 
could have similar physiological eNects to that of a cerebral 
or coronary air embolus. 

3 Technological evolu t ion  of vascular  cannulation 
m e t h o d s  
Technological developments in vascular cannulation 

methods have been influenced to a large extent by 
accidents which have occurred during cannulation. 

In earlier years blood transfusions used gravity as the 
driving force for infusing blood into the vein of a patient. 
However, if the bottle became empty and the infusion tube 
was not clamped, air could enter the venous circulation 
(DOYLE and FRODSHAM, 1949). Similar incidents of air 
embolism caused by containers .running dry have been 
reported for CVP catheters (ORDWAY, 1974), infusion sets 
(PEDERSEN and HESSOV, 1978) and for intravenous infusion 
with the aid of a mechanical pump (ABERNATHY and 
DICKINSON, 1979). 

Gravity infusion rates are slow, and under certain 
conditions the blood must be transferred ai a rate faster 
than that produced by gravity alone. Faster infusion rates 
can be obtained by pumping air under pressure into the 
transfusion bottle. However, because of the higher 
pressures and faster infusion rates, even more vigilance is 
required to prevent air from entering the circulatory system 
(R UESCH et a/.. 1960). 

To prevent an intravenous line from becoming full of air 
RUESCH er al. (1960) advocated the insertion of a float valve 
between the fluid container and the patient. In addition, the 
authors promoted the use of flexible plastic bags for the 
storage of blood to prevent any air from entering the 
infusion system. 

With the plastic blood bag. a pressure cuff applied 
around the bag could be inflated to apply additional 
pressure to the bag and hence increase the infusion rate. 
This system was thought to be safe from air emboli since 
the bag was sealed and no air was injected directly into the 
bag. When empty, the bag would collapse and no more 
fluid or air could pass into the patient. However, a case was 
reported (YEAKEL, 1968) in which air did enter the flexible 
blood bag and a fatal embolism did occur. 

As a safety precaution against air emboli in pressurised 
systems an air detector attached to the high-pressure 
infusion line was developed (FELLOWS et OI., 1966). 
However, even with such a system, massive air emboli 
could occur, and ABERNATHY and DICKINSON (1979) 
indicated that the placement of the air detector was critical. 

Air emboli could also occur during the catbeterisation 
procedure (FLANAFAN et al., 1969; COLQUHOUN, 1977; 1979). 
by the accidental disconnection of the intravenous catheter 
at the hub (GRACE, 1977; COLQUHOUN, 1977; 1979) or by the 
accidental removal of the catheter (Ross et al., 1979). 

To prevent accidental catheter disconnection, a simple 
retaining fixiure was developed (COLQI'HOUN, 1977). Ross 
et al. (1979) developed Luer lock hubs nith locking rings to 
prevent separation of the introducer cannula, the catheter, 
and the infusion system. However, even the Luer lock hubs 
with locking rings were not failsafe, and a case was 
reported where the Luer lock failed to engage the hub of 
the catheter and the two components fell apart (METCALF 
et al., 1979). 

Depending upon the position of the patient, it is possible 
that small amounts of air constantly infused, in themselves 
insufficient to cause complications, might accumulate in 
either the proximal aorta or major branches. This trapped 
air might then be released into the cerebral circulation as a 
large bubble whe&,eiiber a sufficient amount has 
accumulated or wheñtheposition of the patient is changed 
(BAGDONAS et al., 1960). 

In addition to being a hazard to the patient, air in a 
blood-pressure measuring system can also degrade the 
quality of the monitored pressure waveform (CARR and 
BROWN, 1981). 

Embolisation due to clots formed in a catheter and being 
flushed retrograde into the central arterial circulation have 
been discussed by LOWENSTEIN et al. (1971). in their paper 
the authors indicated that the volume of flush solution 
required to cause retrograde flow through a radial artery 
cannulation ranged from 3 to 12mI. EDMONDS et O/. (1980) 
repeated these studies with children anti found that the 
volume of flush solution necessary to produce retrograde 
flow into the central circulation ranged from 0.3-5.0ml. 
They also showed an exponential relationship between the 
flush volume and the patient height. 

To minimise thrombus formation and to prolong the 
usefulness of the catheter LOWENSTEIN er 01. (1971), and 
DOWNS et al. (1974) indicated that a constant slow infusion 
of flush solution rather than a large intermittent injection 
of the flush solution was the preferred method of keeping 
the catheter patent (open). 

To have a constant and slow infusion rate of flush 
solution it is necessary to pressurise the fluid reservoir, and 
to place a flow resistance inline with the infusion line. 

One of the earliest constant-flow systems reported in the 
literature was developed by JOHNSON and ITO (1969). This 
system used a flexible plastic bag and pressure cuN to 
pressurise the fluid reservoir to 400mmHg (this is the same 
type of system as was described for pressurised blood 
transfusions), the inline resistance comprising a length of 
small-bore marine glass tubing. This resistance converted 

. 



+ ( U ~ 2 i i m  pore w e )  upstream mom rne gass t u v e  
pmxented cloging of the fine-bore resistance. 

J ~ R O N E R  rt al. (1970), working in co-operation with 
S .en,on Research Co., further refined the system of 
JOHWSON and ITO (1969). They developed the lntraflo 
de..ke currently marketed by Sorenson Research Co. 

Uthough the lntraflo continuous flush system was 
cGmcd to he failsafe and was incapable of infusing air into 
the patient (GARDNER et ul., 1970) problems have been 
r" 'Norted. 

The Intraflo device contained a rubber valve. Under 
normal operating conditions this valve restricted fluid flow 
through the catheter to 2-4mlh-l.  However, to fill the 
t iod-pressure transducer dome with fluid, or to purge the 
s, .tem of air, the valve stem could be pulled to open the 
valve and increase the flow to ahoiit 60mlh- l .  The valve 
w : ~  designed to automatically close when the valve stem 
\ s released. 
".~SCHWARTZ er al. (1977) reported that the valve could 

remain open after the valve stem was released, with the 
r u l t i n x  problems of erroneous pressure readings and 

ssible fluid overload in the patient due to the increased 
¡¡%ision rates. Similar problems with other users prompted 
ELRI  (1978) to issue a hazard warning on the use of the 
I rano device. Subsequently Sorensen redesigned the 
1 ~.raflo to prevent the valve from remaining open. 

&Current problems w i t h  continuous-f lush 

-Small hubbies have been observed in the tubing of 
constant-infusion systems by KAYSER (1975), HARBORT and 
F-~LGETTY (1978), and have been measured by GARDNER et 
c.., i I Y 77). 

Based on theoretical considerations, KAYSER (1975) 
Mimated that an Intraflo constant-infusion system, filled 
\ th saline equilibrated with air at 21°C and a pressure of 
io60mmHg (absolute), could deliver as much as 
34.5mm'h-' of air to the patient side of the Intraflo when 
t? pressure was decreased to 760mmHg and the 
t nperature raised to 35°C. This latter condition represents 
t%¡  arterial pressure and body temperature of the patient. 
- ,The  measurements of GARDNER et of. (1977) showed that 
i a pressurised system ( 1060mm Hg) containing air in 
LLth the saline bag and the drip chamber the average rate 
of gas formation on the patient side of the Intraflo was 
(rc4mm3 h-'. If air was completely removed from the 
> item the average amount of gas formation decreased to 
(r44mm'h-'. 

.4lthough HARBORT and DALGETTY (1978) did not 
Ydertake any quantitative measurements, they confirmed 
1 I findings of GARDNER et d. (1977), which indicated that 
'y  ;).>tern containing air in the drip chamber could generate 
w a i l  bubbles in the monitoring lines after a fast flush. . irse bubbles were thought to he due to the entrainment 
c.. air in the drip chambers during a fast flush, and the 
greatest number of bubbles occurred in systems which used 
rmicrodip chamber (GARDNER et uf., 1977). 

HARBORT and DALGETTY (1978) also indicated that large 
6iibbles could form on the low-pressure side of the Intraflo 
whenever air was contained in the saline bag. These 

ibbles were thought to appear due to the supersaturation 
L . the saline solution caused by the pressure drop across 
the Intraflo. 
.-.Removal of air from the saline bag would remove some 
I the source of air bubbles (HARBDRT and DALGETTY, 1978) 
2nd removal of air from the drip chamber would eliminate 
the remaining bubbles (GARDNER et ul., 1977; HARBORT and 

systems 

*.. 

- 
ofthe driprhamher (GARONER. 1978). 

G A R L I ~ E R  (1978) recommended the use of a microdrip 
chamber IO permit monitoring of the fluid flow to indicate 
a faulty lntrafio valve. Yet an earlier paper (GARDNER er ul., 
1977) showed that the use o f  a microdrip chamber and fast 
flushing were the major determinants for air bubbles in the 
system. 

In addition, it was noted that over a period of time the 
drip chamber filled with fluid as u result of air being 
displaced and transmitted throughout the flush system. 
Once filled with fluid, the drip chamber loses its 
monitoring function. 

Consequently, in the present configuration of the 
constant-infusion system, there is a trade-off between 
having a drip chamber to observe flow, with the resulting 
possibility of air bubble generation during a fast flush, and 
of relinquishing the flow-monitoring feature to eliminate 
the generation of air bubbles during a fast flush. 

As another alternative, a drip chamber could be used 
and fast flushing of the left arterial line could be banned. 
However, in this case there is always the possibiiity that the 
system could be flushed, accidentally and an air embolus 
could result. 

Inline hydrophilic membrane filters could. possibly be 
used to trap any air in the system (MEEKER ei al., 1976). 
GARDNER et al. (1977) mention the use of the screen filter 
Medlon system to trap bubbles generated during the fast 
flush. However, no information was provided as to filter 
placement and what effect-if any-the presence of the 
filter had on the measurement of blood pressure. 

An extensive evaluation of inline fluid filters was 
conduced by ECRI (1979). This report, along with that of 
RUSMIN et al. (1979). indicates that these filters require 
special care in implementation and they are also subject to 
failure. 

5 Conclusions 
The development and availability of reliable electronic 

pressure monitoring equipment has made continuous 
direct monitoring of blood pressure commonplace in the 
intensive care unit. Recent years have seen a marked 
increase in the application of direct blood-pressure 
measurements for long-term monitoring. 

Patients undergoing vascular cannulation are exposed to 
the dangers of thrombosis and air embolism. Patient 
complications due to these hazards can be reduced by 
using a pressurised continuous-flush system such as the 
Intraflo system, eliminating all air from the pressurised 
continuous-flush system, using a 20-gauge nontapered 
Teflon catheter, and by careful nursing care and vigilance. 

Although every effort has been made to eliminate the 
hazards of thrombus and air embolism both by developing 
new or refined equipment and new techniques, these 
dangers have only been reduced and not eliminated. 
Consequently vascular cannulation has associated with it a 
certain degree of risk, but these risks are outweighed by the 
medical advantages gained from direct blood-pressure 
measurements. 

. 
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. Multiple Model Adaptive Control Procedure for Blood 
Pressure Control 

w. G. HE. HOWARD KAUFMAN, SENIOR MEMBER, tEEE, AND ROB ROY, SENIOR MEMBER, IEEE 

Ab8lmt-,Multipk model adaptive contrd procedures have been 
considered for P oomputer-hascd feedback system whkh regulates the 

,&fusion rate of P drug (nitroprusside) In order to maintain desired 
, ~ l d  preuurr. Because the trsnifer function parameters ire dltierent 
L n r  e8eh patient. and iurthermnre are time variant. such an algorithm 

is desinhk for maintaining bnth sieady-stah and transient speciflea- 
..,lions. To this etiect, computer simulation has rhmn that multiple modd 

idnptivc contrd procedures might be successfully applied to the control 
if hh>d pressure despite the unecrt*inty in the ddays, time constant. 
and gains. Additional etiorts concerned with the actual demonstration 

..Air these concepts un dogs have further supponed the rok of adaptive 
mtrd for blood pressure regulation. 

t 1. INTRODUCTION 

N automated drug (nitroprusside) infusion system for 
blood pressure control should produce good response 

characteristics, such as pressure undershoot (¡.e., maxi- 
num excursion below commanded level) less than 10 

-mnHg, 20 percent settling time of 5-10 min. steady-state 
error within f5 mmHg, and also satisfy the following 

-:linical conditions [I]. 
, 

--.A 
c 

Drug infusion rate should be limited by 

r 

UM 5 60W,i,C;' (milhr) . (1) 

where 

U, = maximum infusion rate (mi/hr) 
W, = patient weight (kg) 
i, = maximum recommended dose (10 pg . kg-l 

C, = drug concentration (pglml). 

- 
." min-I) 

For patient safety, the infusion rate should be reduced 
-Jnder hypotension, ¡.e., when there is a drop in excess of 

The reduction rate of blood pressure should be lim- 
20 mmHg from the setpoint. 
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ited to 5-10 mmHgllO s in order to prevent undesired sec- 
ondary effects, for instance, diminished blood flows. 

The idea of multiple model adaptive control (MMAC) 
was proposed and discussed by Lainiotis in [2] and [3]. A 
multiple model-type adaptive algorithm for self-organiz- 
ing control was also proposed by Saridis eral. in [4]. From 
the viewpoint of stochastic control, an MMAC system for 
the F-8 aircraft was developed by Athans eral. in [ 5 ] .  

Because MMAC is a robust procedure, that has not to 
date been extensively used for biomedical applications. a 
study has been made for a suitable PI controller-based 
MMAC system for blood pressure control. In particular, 
it focused on the partition of plant parameters, design of 
the controller bank, model bank, and the algorithm itself. 
An MMAC system, with 8 models, was then designed, 
and its performance was evaluated both by computer sim- 
ulation and with dogs. Results indicate the MMAC algo- 
rithm to be very effective for controlling blood pressure 
despite the effects of  plant parameter variations and back- 
ground noise. 

11. PLANT CHARACTERtSTICS 
Based upon the results by Slate and Sheppard 161, the 

following model will be used for design purposes: 

P(s) = Y (S )  + P"(S)  + Po (3) 

where 

Y(s)  is the change in blood pressure from its initial 
value Po due to the drug, 

U($) is the drug infusion rate, 
P&) is the plant background noise, 
P(s) is the actual blood pressure. 

The parameters in (2) were chosen as [I]: G = -0.25 to 
-9 (nominal = - I ) ,  r = 30-60 s (nominal = 40). T, = 
20-60 s (nominal = 40) [7], T, = 30-75 s (nominal = 
4 3 ,  <y = 0-0.4. Po is usually 115-140 mmHg, PJr) is 
typically 2-5 mmHg (for low noise levels) or 15-25 mmHg 
(for high noise levels). 

111. MMAC METHOD 
The MMAC procedure shown in Fig. 1 is based upon 

the assumption that the plant can be represented by one of 
a finite number of models and that for each such model a 
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Fig. I. MMAC system slructum. 

controller can be a priori designed. All of these control- x = P ~ - P ~ r  e -71 Y=I-,P~ 
lers together then constitrite a controller bank. An adap- 
tive mechanism is then needed for deciding which con- 
troller' should be dominant for a given plant. One 
procedure for solving this problem is to form a weighted- 
sum of all the controller outputs, where the weighting fac- 
tors are determined by the relative residuals between the 
plant response and the model responses. 

In ~ i g .  1, since the plant gain is negative, the system 
error is expressed as 

COntrOlle, plant 

Fig. 2. An equivalent continuoiis system. 

With respect to the MMAC development, Section Iii-A 
descnbes the design of the controller bank, Section 111-B 
discusses the model selection procedure, and finally, Sec- 
tion 111-C presents the actual control computation. 

A. Controller Bank Design where K is the..sampling time and pc is the commanded or 
set-point.pressure level. A controller that is sufficiently robust over a given sub- 

F~~ patient safety, two ,,onlinear units are built into the set of process models will now be developed. To simplify 
system. The unit limiting infusion rate is given this procedure, it wiil be assumed that the weighting fac- 

tors have converged and that the sampling period is less 
than - 4 of the plant time,constant so that the basic con- 

as 

(5 )  trol loop of Fig. . I  can be modeled by the continuous sys- 
tem shdwn in Fig. 2. In this figure, the system input and 

e (K )  = P(K) - P, (4) 

UD foruD 5 U, 

> U M  .. . 

u = F,(u,) = 

where UM is the allowed maximum infusion rate calcu- output are, respectively, .the desirable and actual drops in  
lated from (1). pressure, and the negative plant gain is replaced by its 

In terms of the closed-loop transfer function T(s ) ,  the if and when hypotension occurs [l]. Its expression is given 
bv controller transfer function is 

The other nonlinear unit is used to turn off the infusion absolute value. 

where pL is defined as 

and pc is the commanded pressure setpoint. 

where F(s) is as defined by (2). Generally, T(s)  for sat- 
isfactory response should have a first-order exponential 

(7) response with time delay and satisfy the following condi- 
tions: 

PL = Pc - 20 
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. the controller F,(s) must have no predictor element 
the closed-loop system should respond to a step input 

In a manner similar to that of [8], T(s) might then be 
with zero steady-state error. 

chosen as 
, 

-S+ 1 
I + a  

where A is a tuning parameter related to the time constant 
of the closed-loop system, and T,, Tc, and a are the plant 

Substituting (2) and (9) into (8), and using (as in [SI) 
the first-order Taylor series approximation of exp (-T,s) 
and exp [ -(T, + T,) SI, gives the following P-Icompen- 
sator: 

. I parameters in (2). 

. 

I I \  

r. 

and 

P .  (12) 
7 G, = G[h + (1 + a) ?; + UT,] ' 

The tuning parameter h in (12) can be computed to sat- 
r. isfy specifications in the settling time fs of the closed-loop 

system defined by (9). This settling time t ,  is defined as 
L follows: 

,- " 

i 

where y(r) and x are, as shown in Fig. 2, the actual and 
desired pressure drops, and C is a constant less than 1. 

r- 

Using (9). it can then be shown that 

- .  
. (r, - T,)] ( I  + a exp [(l + a)/A]T,)]. (14) .. 

I f  A >> T,, then 

e. 

- and A becomes 

... 

. .  
in order to compute the controller parameters r< and G,, 

"- the ranges of plant parameters in each subspace also need 
to be determined. From simulation results, it was ob- 
served that changes in the plant parameters, except for ,... plant gain (and to a lesser extent, the plant delay time ?;), 
did not adversely affect the undershoot and the settling 

L "  time. Therefore, the plant gain was divided into several 

- .  

intervals and the other plant parameters were frozen. The 
values of the frozen parameters were denoted as T., T,o. 
T,,, and a<,; these typically were nominal or maximum 
values of the plant parameters. The procedures for such 
selection are now explained. 

Let GI and GI+ I denote the lower and upper limit plant 
gains for the j th  interval and assume that GI the minimum 
possible gain IS a priori available. A recursive approach 
for generating the controller gains G,, and plant gains will 
now be developed. Gc, will be determined from GI, and 
GI+, will then be found from robustness considerations. 
To this effect, substitute A, GI. and the frozen plant pa- 
rameters r., T,,, T,,, and a, into (12) to find the controller 
gain as 

Then, estimate Gj+ , so that the undershoot and/or phase 
margin PM is satisfactory over the plant gain subinterval. 
To do this, recall from [9] that PM (in degrees) = 100 x 
(damping factor). It r is frozen as ro, and T,, = O, the 
open-loop transfer function in Fig. 2 can be derived from 
(2), (IO), and (11) as 

The minimum phase margin of this open-loop system can 
then be computed as 

( j  = I ,  . . . , N ) .  (18) 

From (18) and (16), 

_ -  Gj+, ( 0 . 5 ~  - MIN[PMI)[h + (1 + a,) To + aJm1 

?;(I + a) 
- 

= A.  (1% 

For the worst possible case, ?; and a in (19) should be at 
their maximum values. Therefore, 

G ~ + ~  = A ~ G ,  (20) 
where N ,  the number of subspaces, is the smallest integer 
N such that GN+ I is greater or equal to the maximum pro- 
cess gain. GI would then be the lowest anticipated plant 
gain. 

B. Model Bank Design 
The model bank in Fig. 1 consists of a number of models 

with constant parameters characterizing the individual 
plant subspace. Since these models should have the same 
structure as the plant, they will be described by the fol- 
lowing transfer functions: 
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where the output pressure from model j is 

P,,,,(.y) = ymJ(s) + P, ( j  = I ,  . . , N )  (22) 

and 

y, . ,(s)  is the change in thejth model output, 
U($) is the model input, 
Po is the initial value of each model's outpiit, which 

equals the initial plant output. 

The relative residual Rj(K) will be defined as the nor- 
malized squared error between plant and model, ¡.e., 

Using (3) and (22) and eliminating the plant noise p.(r), 
(23) can be transformed into 

(j = 1, . . . , N). (24) 
At each sample time K, the model that has the smallest 
residual is defined as the matching model, which is then 
used to represent the plant characteristics. 

Selection of the model parameters should consider both 
the optimal match between the characteristics of plant and 
models, and the system dynamics. Since the plant param- 
eters 7 ,  Tc, and a can be frozen, the model parameters 
T,,,~, T,,,, and a,, were selected as 7,,,, = 7@, TmCJ = T, 
and amJ = a, ( for j  = 1, . . . , N). 

Selection of the model delay time Tmf must be made tak- 
ing into account the undershoot specification. In effect, 
simulation results that will be shown in Figs. 6 and 7 in- 
dicate that different model delay times significantly affect 
undershoot, especially when the plant gain is high. For a 
blood pressure control system, large undershoot is not al- 
lowed, so that the model delay time should be chosen as 
the maximum expected plant delay time. 

Appropriate model gains are required for the MMAC 
system to properly select the dominant controller. When 
the plant gain is located on a boundary between two plant 
parameter subspaces, such as G = G,,,,  the residuals 
Rf (K) and R,, ,(K) should satisfy 

Rj(K) = Rf+ l(K). (25) 
From (24) and (25). 

Replacing the values in (26) by their steady-state values 
for a step input gives 

2(1 + a) 
1 + a0 Gj+i + Gmj 

- 
Gmj+i - 

( j  = 1, . . . , N). (27) 

I f  it is assumed that a z ao, then (27) can be simplified 
to 

G,,~+I I ZCj + 1 - G,, (j = 1 ,  ' . . , N). (28) 

Note that  G,,,i should be u priuri selected such that 

C. Control Algurirhrn 
To achieve desirable system performance and to guar- 

antee patient safety, the control algorithm should converge 
quickly to the optimal values and should react to time- 
varying plant characteristics, as well as ensure a reason- 
able rate of blood pressure change. Thus, the control was 
computed as a weighted sum of controller bank signals, 
i.e., 

N 

u,(K) = c HyK) U j ( K )  (30) 
j =  I 

and 

N is the number of models, 
u,(K) is the control variable, 
u j (K )  are the individual controller outputs, 

and 

W j ( K )  are the weighting factors. 

The weights were selected as follows. 
1) Recursive update 

exp [-Rj(K)/2V2] W;(K - I)  
w;(K) = 

( j =  1, ..., N). (31) - 
2) Bounding away from zero 

Wj(K) for W;(K) > 6 
(32) W;(K) a 6. 

Wj(K) = 

3) Normalization 

( j  = 1, . . . , N) (33) 
iW,(K)I' 

Wj(K) =' 

where 

R,(K) are the residuals [e.g., (23)] 
V is a parameter controlling the convergence rate 

6 is a threshold to limit the importance of past 

Equations (30) and (31) express the basic relationship 
between the control, the weighting factors, and the rela- 
tive residuals. Equation (32) is used to limit the impor- 
tance of past information so as to enable the adaptive 
mechanism to react quickly to new information about the 
plant characteristics. Equation (33) is used to normalize 
the weighting factors so that their summed squared value 
is unity. 

of W; (K) with Rj(K) 

information. 
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" 
The parameter V in (31) plays an Important role in con- 

Jroiiing the convergence rate of W,(K). To see this, let 
,(K) and W,,,(k) represent the residual and the weighting 

mctor corresponding to the matching model, then 

R,(K) < R,(K) ( for j  # m). 

 om (31) and (33) it can be seen that 

Thus. for rapid convergence of WJ(K), a smaller value of 
-"' is desired; however. an excessive reduction in V could 

~ 

In the algorithm, the initial weighting factors W,(O) and 
&e threshold 6 must be determined a priori. Since the 

ant gain may be located in any position in the plant pa- 
'nimeter space, the values for WJ(0) were assumed to be 
uniform, that is, 

mse a computer overflow. 

1 
WJ(0) = W;(O) = - N ( j  = I .  . . . , N ). (35) 

-%om (31). it is observed that a large value of 6 will im- 
rove the sensitivity of the algorithm to the new plant in- 

formation. However, as shown below, an increase in 6 will 
$duce the system phase margin. To see this, use (33) and 

t the converged weighting factors be 

W,,(K) = W,,, (for the main weighting factor) 

' w,(K) = 6' ( for j  # m). 

'From (IO), (18), and (30), the relationship between 
MIN [PM] and 6 can be derived as 

*I 

T h u s .  MIN[PM] will be reduced with an increase in 6. 
L. Since the control variable u,(K) computed by (30) will 
be in error before the convergence of Wj(K), and this error 

+ a n  cause a large undershoot for high gain plant, the al- 
orithm consisting of (30)-(33) was modified as follows: 

e .. 
QuLK) 

for K I dml 

uD(K) = [Q + Qi(K - dmi)l &(K) (37) 

dmi < K < (41 + DI)  

uAK) 

K 2 (dmi + DI) 
i 

p '  
i 

L. 

,,_ 

b .~ 

. 
i L ihere Q and Ql are coefficients that are less than I, 

dmi = INTEGER [Tmi/T,]. 
r 

i- 

r 

DI = INTEGER - [' a, Q1. 

Q is used to regulate the initial infusion rate so as to pre- 
vent large undershoot. The value of Q should place the 
initial control variable near the steady-state control input 
required by the plant with the highest expected gain. Ql 
is then set so that the increment of the initial infusion rate 
ensures smooth reduction of pressure. 

Note that because of this conservative initial control 
policy, a large error could persist and subsequently cause 
an undershoot of the system output. To eliminate this be- 
havior, the integral component was decreased during the 
initial control period as follows: 

4 To K = l  E(K) + - c BjE(' 
7,  ¡=O 

( j  = 1, . . . ,  N )  (39) 
where Bj are modifying coefficients defined as 

Bj a 1 for K a (dmI + DI) 

Bj = 1 for K > (dm1 + DI). (40) 

IV. RESULTS 
A. System Design 

An MMAC system with 8 models was designed to sat- 
isfy the requirements of Section I, namely, an undershoot 
less than 10 mmHg, a settling time less than 300 s, and 
the limitation condition for the maximum infusion rate 
given in (I). After summarizing the data given in Section 
11, the frozen plant parameters were chosen as T = 45 s, 
Ti0 = 40 s, T,, = 50 s, and a = 0.4. Choosing Ti = Tio, 
a = a,, and C = 0.8, the tuning parameter X was found 
from (16) to be 

= 226. = -(I  + 0.4) (300 - 40) 
In ( I  - 0.8) 

Choosing MIN[PM] = 65". Ti = 60 s and a = 0.4 (for 
the worst possible case), the plant gain partition factor can 
be determined from (19) to be 

Gj+, ( 0 . 5 ~  - i.13)[226 + 1.4 x 4O + 0.4 x 501 -- - 
Gj 60 (1 + 0.4) 

= 1.58 

where GI = Gmin = 0.25. 
The controller parameters Gcj and T., were computed 

from (17) and (11) after substituting Gj, A, T,,, To, T,,, 
and a, into the formulas. The resulting values of Gcj and 
rCj  are listed in Table I. 

As mentioned in Section 111-B, the model parameters 
r m j ,  TmCj, and amj were chosen as rmj = re, TmCj = T,. 
and amj = a. ( for j  = 1, ' . . , N).  The model gains can 
be found from (28) and (29), and are also listed in Table 
I. 

Tmj was selected to be either 60 s (Le., the maximum 
of 7;) o r 4 0  s (Le., the nominal value of T). 

The coefficient V in (31) was determined by simulation 
on a PDP-MINC computer. When V = 0.07, the compu- 
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TABLE I 
PARAMETEISOFTHE SYSTEM WITH 8 MODELS 

(a) Coefficients of the control algoriihm. 

dm DI V Q QI BI B2 B3 84 BS 86 B7 B8 W,<O> 6 
6b 3 0.1 0.4 0.2 0.1 0.3 0.5 0.8 1 I I I 1/8 . .O5 

(b) Parameters of controllers and models. 

Conlrollcr Madel 

Plant Gain 

1 0.6 0.32 0.25-0.39 
2 0.39 0.46 0.39-0.61 
3 0.25 0.76 0.61-0.95 
4 0.16 45 1.14 60 50 45 0.4 0.95-1.48 
5 0.1 1.82 1.48-2.3 
6 0.065 2.8 2.30-3.6 
7 0.042 4.4 3.60-5.6 

Number G, ír G. T,, 7,. 7. urn 

8 0.027 6.8 5.60-9 

tation overflowed. When V = 0.1 and 0.2, the settling 
times were 340 and 460 s, respectively. Thus, V was cho- 
sen to be. 0.1. 

The coefficient 6 in (32) can be estimated using (36). 
To consider the worst possible phase margin, let 
MAXIG,,,+I1 = Gn+¡ = 9, Q = 0.4, T, = 60 s, and 6 = 
0.1 or 0.5, then 

MIN[PM] = 48' for 6 = 0.1 

and 

MIN[PM] = 60" for 6 = 0.05. 

Therefore, 6 was chosen to be 0.05. 

same, ¡.e., 
Tbe initial weighting factors were all assumed to be the 

yco, = 4 
Q in (37) was chosen as 0.4 because this value gave an 

initial infusion rate close to the steady-state control input 
required by a high-gain plant. Ql in (37) should be less 
than unity in order to limit the increment in the infusion 
rate. Results obtained by trial and error showed that the 
undershoot specification can be satisfied when Q, = 0.2. 
A s  stated in Section III-C,  modification of BJ is needed 
only for the control of lower gain plants, so that some 
components of  BJ. such as B5, . . . , Bg, corresponding to 
the controller outputs for high-gain plants, can directly be 
set to unity. The other components, ¡.e., B,, . . . , B4, 
were determined by trial and error. Their values are listed 
in Table I. A study of the sensitivity to Q, Q , ,  and BJ 
showed the algorithm to be relatively robust over a wide 
variation in these parameters. 

The parameters U, and PL in Fig. 1 can be computed 
from (1) and (7). As an example, i f  W, = 60 kg, iM = 10 
pg ' kg-I, Cs = 200 pglml, and PL = 100 mmHg, then 

(IM = 60 x 60x 10 x 200-I = 180 mllh, 

P,, = 100 - 20 = 80 mmHg 

B. Computer Simulation Studies 
Computer simulations were used to evaluate the re- 

sponse of the system design in Section IV-A over a rep- 
resentative plant parameter envelope. O f  interest were the 
responses to a step command in the presence of plant 
background noise, the adaptation of  the algorithm to Iime- 
varying plant gains, and the effects of the model delay 
time on the undershoot. In the simulations, P, = 100 
mmHg, P(0) = 150 mmHg, T; =' 10 s. The plant hack- 
ground noise P.(t) was simulated as a white Gaussian noise 
sequence with standard deviation of 2 mmHg. 

The first set of simulations was with the model delay 
time Tmj = 60 s and the plant parameters: 7 = 45 s, T, = 
50 s, Q = 0.4, as well as for the values of  G and Ti given 
in Table 11. Results shown in Table I1 indicate that the larg- 
est undershoot was 12 mmHg (which is close to the un- 
dershoot specification of  10 mmHg) and that the longest 
settling time was 390 s, which is equal to the sum of the 
desired settling time of 300 s and the initial infusion pe- 
riod (T,(d,, + DI) = 90 s). Figs. 3-6 show the pressure 
response, the change in drug infusion rate, and the typical 
convergence process of the weighting factors. Since the 
controller gain GCj corresponding to Wj is greater than 
Gc,j+i corresponding to W j + l  (see Table I), the conver- 
gence sequence of W j ( K )  shown i n  these figures resulis in 
the controller gain increasing gradually to its desirable 
value during the initial control period. Thus, the drug in- 
fusion rate and the blood pressure both change in a smooth 
manner. These responses also show that the MMAC al- 
gorithm is robust even in  the presence of the plant hsck- 
ground noise. 

The second set of simulations was made for comparison 
of system performance under different selections of the 
plant parameters T, Ti, T,, and a. In these simulations, 
the model delay time Tmj was still 60 s, but the plant pa- 
rameters were chosen as 7 = 30 s, T; = 20 s, T, = SO s. 
01 = O, G = the lower gains of the plant subspaces listed 
in  Table I ,  or as 7 = 60 s, 7;. = 60 s ,  T, = 75 s, a = 0.4, 
and G = the higher gains of  the plant subspaces in Table 
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TABLE II 

Settling Time (s) Undcrshooi (mmHg) 

Plant Delay Time (s) Plant Delay Time (3) 

'Plan1 
Chi" 20 40 60 20 40 60 

25 370 370 370 O O O 
'u.32 390 350 320 5.9 4.8 3.5 
0.38 350 360 310 8 82  8.5 

I .  

39 340 350 310 O O 2.7 . . .59 350 360 280 9.5 12 8 

&62 340 340 290 O O O 
.9 320 340 260 9.4 8.9 4.5 

c .  

1.0 300 310 270 O O O 
!"!.4 330 340 240 9.8 11.5 5.4 

L .5 310 320 240 O O O 
2.2 340 350 220 10.5 11.5 3.2 

-4 310 320 350 O O O 
5 3 I O  320 200 9 9.7 1.1 

3.1 300 300 '200 O O O 
'5 340 330 I 6 0  8.7 I2 0.4 

.)-E 340 340 390 O O O 
9 264 270 140 O 0.58 6.5 

.. 
Model Number = 8 
Plant Gain = 25 

Delay Time =Bo SBC 
Delay = 20 sec Noise VaiimcB = 4 mmHg 

'0 2 4 6 8 10 12 14 16 18 20 
~ Time (min) .. ~ 

O O c 2 4 6 8 10 12 14 16 18 20 

Time (min) 

? 

0, 

- 5  o 5  
c 
o 
F-? O 0  

O 2 4 6 8 10 12 14 16 18 20 
Time (min) 

Fig. 3. System simulation. 

Model' Number = 8 
Plant: Gain = .25 

Delay Time = 60 sac 
Delay = 60 rec Noise Variance = 4 mmHg 

* 
O 
O 

5 '1 2 4 6 ü 10 12 14 16 18 20 

Time (min) I , 

rime (min) 

m 
C 0.5 

0 
WZ 

.- 
f 
.- 
5 0.0 

O 2 4 6 8 10 12 14 16 18 20 
"L 5 0.0 O 2 4 6 8 10 12 14 16 18 20 

Time (min) 

Fig. 4. System simulation. 

Model: Number - 8 
Plant: Gain - 9 

Delay Time - W I(K. 

Delay - 20 lec Noise Variance = 4 mmHg 

L 50 q 
;o 

O 2 4 6 8 ?O 12 14 16 18 20 
Time (min) 

5 <o typ- .. 2 0  
c O 2 4 6 8 * 0 1 2 1 4 1 8 1 8 2 0  

*a , 

- 
Time (min) 

a 1.0 1 

.- .- .- ," .I . - -  
Time (min) 

Fig. 5. System simulation. 

r_. lation was run for Tml = 40 s, and the same plant param- 
I lesults show that except for G = 0.25, the largest un- eters as in Fig. 6. Comparison of the results in Figs. 6 and 
&shoot and the longest settling time were about 12 7 indicates an undershoot of 6.5 when T,, = 60 s. When 
mmHg and 390 s ,  respectively. TmJ = 60 s,  Fig. 6 shows that the main weighting factor 
Tn order to show that different model delay times T,, directly converges to W!. However, when Tm, = 40 s. Fig. 

rcult in different amounts of undershoot, the third simu- 7 illustrates that the main weighting factor first converges 

. 



HE CI al.:  MULTIPLE MODEL ADAPTIVE CONTROL PROCEDURE FOR BLOOD PRESSURE CONTROL 17 

Model: Number :: 6 
Plant: Gain = 8 Delay = 60 sec N&l) VülianCe 4 mmHp 

Delay Time =SU SBC 

- 

L 

n 

D O 2 4 6 6 10 12 14 16 16 20 
Time (min) 

Time (rnin) 

Y 

c 0.5 

CD 
Z D  ._ 
g 0.0 

O 2 4 6 6 10 12 14 16 16 20 
Time (min) 

Fig. 6. System simulation. 

Model: Number - 8 
Plant: Gain = 8 

Delay Time = 40 sec 
Delay - 60 tec Noise Variance - 4 mmHp 

i ]  
O 

4 6 8 10 12 14 16 16 20 z o. 
Time (min) - pin,, 

C 

<II 
0 

'$ '0 2 4 6 8 i o  12 14 16 is 20 
Time Imini - 

. .  

i o m 1.0 1 j- 
Y 

c 0.5 

g 0.0 
z Dl 
CD ._ 

O 2 4 6 6 10 12 14 16 16 20 
Time (min) 

Fig. 7. System simulation. 

Model: Number = 6 
Plant: Gain i 1.4 

Delay Time :. 60 SBC 

Delay ~ 60 sec Noise Variance = 4 mmHg 

8 01 
5 O 2 4 6 6 10 12 14 16 16 20 - Time (min) 

50 rr - 
C 
O 1 
:o 
.- L 

E O 2 4 6 6 10 12 14 16 16 20 
Time (min) - 

*4 - 0 1.0 
o 
m 
Y 

0.5 .- - c 
0 .- 

O 2 4 6 6 10 12 14 16 18 20 
g 0.0 

Time (min) 

Fig. 8. System simulation. 

Model- Number = 6 
piant: ~ a i n  = 1.4 

Delay Time = M I  sec 
~ e i a y  = 60 sec N O ~ W  variance = 4 mmng 

p" 50 

O 
O 

O 0  2 4 6 6 10 12 14 16 16 20 
I Time (min) 
L 
I; 
1 100 - E t  

O 
n - : O0 2 4 6 6 10 12 14 16 16 20 - 

Time tmini il,ok M ~ '  ' ] * 3  
o 
m 
Y 

._ c 0.5 

g 0.0 
f 
CD ._ 

O 2 4 6 8 10 12 14 16 18 20 
Time (mi") 

Fig. 9. System simulation. 

to W, and then to W,. Since Gc7 corresponding to W, is that the given time-varying plant gains cause the weight- 
greater than Gd corresponding to W,, the undershoot re- ing factors to adapt so as to stabilize the pressure within 
sults. i 10 mmHg error from the setpoint. 

The fourth set of simulations considered the system re- Of interest in all cases is the tendency for one weight 
sponse to a time-varying plant gain. Figs. 8 and 9 show to converge to unity and the others to zero. 

IIIIx"_.I ~ . .  ... . . . . . .  -. . . . .  i 
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Fig. IO. Results of an animal experiment. 
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L o  

3 50 
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O 2 4 6 8 10 12 14 16 18 20 
Time (min) 

Time (mi") 

Fig. II .  Results of an animal experiment. 

Z. Results of Animal Experiments 
To further verify the effectiveness of the algorithm and 

o evaluate the performance of the system design in Sec- 
~ .ion IV-A, animal experiments were carried out on anes- 

thetized mongrel dogs. Arterial pressure was measured 
-hrough a catheter in the femoral artery by a transducer. 

The mean pressure signal was obtained by passing the sig- 
nal through a low-pass filter to remove high-frequency 

,components in the blood pressure signal from the sensor 
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Fig. 12. Results of an animal cxpcnment. 

output. An A/D converter with 12 bits was used for digi- 
tization of the mean pressure. Sodium nitroprusside with 
a concentration of 200 mg/l was infused by a Critikon 
2100A infusion pump. A PDP MINC-11 computer was 
used for on-line control. In order to change the plant char- 
acteristics, neosynephrine with a concentration of 100 pg/ 
cc was administered. The sampling period was chosen as 
10-15 s. The experiments were run on three dogs. 

Fig. 10 shows that the mean arterial pressure (MAP) 
steadily dropped to within 5 mmHg of the setpoint in 6.5 
min and without any undershoot. The mean steady-state 
error was near zero. 

Figs. 11 and 12 show the system responses under neo- 
synephrine infusion on two different dogs. This neosyne- 
phrine infusion was such that the anticipated increase in 
MAP without adaptation would be 30-45 mmHg for Fig. 
10 and 20-30 mmHg for Fig. 11. Results indicate that in 
both cases the system increased the nitroprusside infusion 
rate so as to compensate for the increase in pressure 
caused by neosynephrine and thus to keep MAP at the 
given setpoint with a mean error of about 3 mmHg. 

Fig. 13 shows the response of the system performed on 
a third dog with large plant background noise and a higher 
sensitivity to the drug. The pressure curve shows that the 
undershoot and the settling time were about 5 mmHg and 
about 8 min. respectively. The infusion rate and the 
weighting factors oscillated in the initial control interval, 
but settled out after 9 min. 

V. CONCLUSIONS 
The results of both simulations and animal experiments 

indicate that the MMAC algorithm has the potential for 
automatically controlling blood pressure over a fairly wide 
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Fig. 13. Results of an animal experiment. 

plant parameter envelope, even in the presence of repre- 
sentative background noise. 

Further experimentation with animals subjected to sig- 
nificant transfer function variations is recommended prior 
to clinical usage. Comparative studies with other adaptive 
algorithms would also be of interest. 
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The Contribution of Vessel Volume Change and Blood 
~ 

i Resistivity Change to the Electrical + *  G o l t t %  o #  

bZP -- 

Impedance Pulse 

Abstract-An impedance pulse, recorded noninvasively, has contribu- and smaller blood V ~ S S e k .  Uncertainty exists as io contribu- 
tions due to both the h i n g e  in blood volume of the arteries and to the 
c h n g  in the blood raistinty. Other researchers have tried quantify 
the relative contributions and have either underestimated or overesfi- 
mated the conbibutiona’ since they did not simulate the physiological 
conditions. We have used u) m vitro flow circuhtion wstem to moce 

tions from these two factors. Axial blood resistivity increases 
about 4 percent as shear rate decreases from 300 to O s-’ [I]. 
Other researchers have recorded simultaneously the signals from 
volume (WG) and impedance plethysmographs (ZK) under 

dosely *mulate the phyaiolodcal conditions and qunntify the two 
contributions We fmd that the Mood resistivity change contribution is 
S M ‘ V  enO@ (21.5 percentof thenr fe~ lvo lumechan~  coneibution) 
to change the morphology of the impedance pulse. There is, however, 
a p h w  difference between the hvo coneiúutiorw. As a rault of this. 
the blood mistivity change contribution to the height of theimpedance 
pulse will be les than 5 5  percent. 

resting conditions (21, [3]. The systolic upswing of  the im- 
pedance puke is typically faster and the diastolic segment dif- 

due to blood resistivity change (AZ-,) contribution to the 
This is clearly possible since Azp peaks 

with velocity, and hence earlier than AZy which peaks with 
pressure. This blood resistivity change contribution, however, 
has not been well researched. 
Using an in vino flow system, a carotid artery, a rigid plastic A” cylinder, and zero enddinrtolic flow [see Fig. i(a)], Peura et 

merit has volume change al. [3] measured the relaive contributions o f  volume (AZ,) 
(AZ,) and blood resistivity change (Az,) from arteries, veins, and resistivity (Az,) changes. They found the blood resistivity 

change contribution to be approximately 10 percent o f  the 
Manuscript received June 23, 1983: revised October I ,  1984. This total impedance signal. Their in vitro flow system did not 

work was supported by the National Institutes of Health under Grant simulate physiological conditions. physiologically, there is a HL23442. 
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RAW SHANKAR cI 01.: ELECTRICAL IMPEDANCE PULSE 

Fi& 1. Exprimentsl methods used to detcrminetheimpeduicechanges 
caused by the flow (and hence blood resistivity) changes and volume 
changes inan artery. (a) Method of Pcuraef ai. 131. (b)Our method. 

compiiant near zero transmural pressure than at high pressures 
[4]. This would result in an overestimate for the volume 
change contribution of the impedance pulse. Also, the flow 
did not reverse in their simulation. Hence, the average flow 
and the average shear rate were higher, which resulted in an 
underestimate o f  the resistivity change contribution. 

Sakamoto and Kanai [1] found that for the aorta, the con- 
tributions from the volume and resistivity change were about 
the same order of magnitude. We show later (in the Discussion 
section) that they overestimated the contribution due to the 
resistivity change. 

The folw circulation system employed is shown in Fig. I@) 
[5] . We use the pressure head and peripheral resistance control 
to obtain physiological transmural pressures in the artery. We 
use elastic tubing and a side branch to obtain the proper phase 
relationship between flow and pressure, and also biphasic arte- 
rial flow. This paper presents our experimental data with the 
flow system. 

There are definite contributions from veins and smaller blood 
vesseis to the total impedance signal obtained from a limb seg- 
ment. We have developed a detailed computer model which 
quantitates the contributions of all blood vessels ina segment 
of a leg [6]. 

METHODS AND MATERIALS 
Method Used 

Fig. 2 shows the flow model. The blood is in the top reser- 

Flow System Derails 
Rigid Cylinder with Metal Electrodes: A rigid acrylite plastic 

tube was used to eliminate the component due to volume 
change. Thus, any measured impedance signalwas due to resis- 
tivity change only. The electrodes were circular rings o f  alumi- 
num tubing with a machined collar. The tubing sections were 
snugly fitted into the collars of the electrodes and glued into 
place 131. Compression clamps made connections to the elec- 
trodes. The tubing was 7 mm ID and 9 mm OD, with an 
electrode spacing of 20 mm. 

Electrodes for  the Artery: To measure the impedance signal 
from the artery, we used four aluminum electrodes (tape no. 
425,3M Company) 2 mm wide, spaced 15-20 mmapart. They 
touched roughly two thirds of the circumference of the artery, 
on the lower side, so that they did not restrain the artery. We 
have not conducted any study to estimate the error, if any, in 
not encirciing the artery with these tetrapolar electrodes. 

Peripheral Resistance Control: The flow was controlled by 
varying the peripheral resistance, which consisted of a 10 cm 
long black rubber tubing of 5 nun ID and 18 mm OD. We 
used compression clamps on two such rubber tubings to inde- 
pendently control the main and side flow. 

Tubink- Used: Silicone rubber tubing of 7 mm ID and 9 mm 
OD was used for elastic tubing sections; these were 100 and 
50 cm sections, respectively, on the left and right sides o f  the 
setup shown in Fig. 2. We used short soft-glass (8 nun ID, 
I O  mm OD) sections to connect the various parts. 

Dota Plocureinent 
Blood: Fresh heparinized blood was employed. We always 

primed the system with saline and obtained recordings for 
saline before obtaining data for blood. The mixing of saline 
and blood was kept to a minimum hecause of the reservoir 
outlet at the bottom. The blood hematocrit was determined 
by noting the impedance (with a high constant flow o f  about 
10 mils) from the rigid plastic tubing that simulates the artery. 
We determined the cell constant 181 and from it the hematocrit, 
to an accuracy o f  +3 percent 191. 

Artery: Most arterial sections were obtained from the neck 
and facial parts of cattle (courtesy of Oscar M a w  and Com- 

voir-which provides a pressure head. A solenoid valve The artery was peifused in Collins solution and refrig- 
to maintain it in stable condition for a period of 24-48 

When we were ready to use it, we injected 0.9 percent cold 
the flow from the reserdoir &and off. We change the 
cyde to obtain d&rent pulsatile wk%rms. The blood 
flows in a R U ~ ~ T  thf(>l;ph elastic tubing (to simulate saline through it and flushed it. We then tested the artery for 
arteries), a rigd lastic acrylite tube of arterial size, and an leaks by forcing saline through one end of the artery while 
artery asembled in series with a variable peripheral resistance. holding the other end of the artery closed. Electrode spacing 
The side branches on the in vivo system were simulated with a was 10-20 mm. Tapered tubing was used on both sides to 
side elastic tube eripheralresistance. The pressure mount the artery in the flow system. We recorded from five 

the flow with an extracorpo- arteries. We have provided data for three of them in this paper. 
real electromagnetic flowmeter. We measured the impedance 
changes on the artery (which is compiiant), and this gives the 
total arterial impedance signal. We also measured the imped- 
ance changes on the rigid plastic tu e which is noncompliant, Figs. 3-5 show recordings from our flow system experiments. 
and this gives the contribution% to only blood-resistivity We pumped blood through the system and first recorded the 
changes in vessels of arteriawe. We also recorded the volume signals shown in Fig. 3 by maintaining a low transmural pres- 
changes in the artery with an enhrdinf mercury strain gage sure and then recorded the signals shown in Fig. 4 for a high 
plethysmograph. Table I provi8eS'tFeGrtinent details o f  the transmural pressure. Fig. 5 shows the recordings again for a 
instruments used. high transmural pressure with 0.9 percent saline in place of 

Protocol: We present a detailed protocol elsewhere [IO]. 

RESULTS 

Y* 
&-- . 

40 
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TABLE I 
INSTRUMENTS USED INTHE EXPERIMENTAL SETUP ANO THEIR C ~ ~ ~ ~ c r m i n i c s  

I I 1 I 

' €4 mvim I hin design I í7  1 
Imned.nce 
plcthyswgraphr 

HEWlett-Packard 4 nV.m Hg-' 
transducer lbdel lZW 

Strain gage 
plethysmograph 

a i n  design Nonlinear: M 

'only "sed for qualitative comparbons 
I .  

, 
- .  blood. In Figs. 3-5, plot (a) is the pressure in the artery, plot 

(b) W the flow, plot (c)is the impedance plethysmograph(ZPG) 
.,. signaifrom the artery, plot(d)isthesignalfromthest~ainguage 

plethysmograph (vpc), and plot (e) is the ZPG signal from the - ' rigid section (Fig. 5(e) is not shown, as it was always zero). 
~ . , .  Fig. 3(a) shows that the minimal pressure in the artery was 

low at 20 mmHg. Since the artery was less stretched than when . . at high transmural pressure, Fig. 3(c) and (d) shows that it was 
more compliant, and had larger ZPG and VPG signals. Fig. 3@) 

+ shows that the flow reverses for a short duration. If the blood 
- .  resistinty (and hence shear rate) did not change with flow, 

the ZPG signal from the rigid section would be zero. However, 
..* we do record a signal [see Fig. 3(e)l which peaks with flow, as 

expected. Notice also that the arterial volume change si@ 
* [Fig. 3(d)] peaks with pressure. The ZPG signal from the ar- 

tery is the sum of the changes due to both volume and resistiv. 
ity in the artery. Let ACv and AGO be the conductance 

- .  changes corresponding to the impedance changes AZv and 
AZO (see (1) below). Since the artery is very compliant at ..- low transmural pressures, ACy is much bigger than AGp,  

r" 

hence the ZPG signal from the artery looks similar to the VPG 

Fig. qa )  shows the high transmural pressure case where the 
m i n i  pressure is 80 mmHg and the arterial compliance is 
low. 
looks very much different from the VPG signai shown in Fig. 
qd). Now AG and AG, are of the same order of magnitude. 
Fig. 4(e) shows that AGp peaks with flow [Fig. 4@)], and 
hence earlier than AGy which peaks with pressure [Fig. qa) ] .  
As a result, the s u m  of  the two signals, ¡.e., the ZPG signal 
from the artery [Fig. qc)] has a faster tis@ systolic upswing 
as compared to the volume change signal [Fig. qd)]. Fig. 4(c) 
shows that the waveform changes in the diistoüc part of the 
ZPG signal from the artery foiiow the changes in the ZPG 
signal from the rigid section [Fig. qe)]. However, they do 
not exactly match since the shear rate changes in the rigid sec- 
tion do not exactly match those in the artery (note that axial 
resistivity decreases 4 percent as shear rate increases from O to 
300 s-' and remains nearly constant at higher shear rates). 

signal. 

! 
i Fig. q c )  shows that the total ZPG signal from the artery 

We also conducted the experiment with saline in place of 

. .. , ,. .. . ... .~~ .~... .,. . .. 
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,.elion 

Fig 3. Flow system recordings for a bovine artery at low transmural 
preuurc. for blood (same artery as in Figs. 4 and 5). Det&:@) prm- 
s u e :  minimum = 20 mmHg, pulse height = 65 mmHg; (%) flow: mm- 
imum = -1 mils, puis height = 5.4 ml/s; (c) ZPG-artery: pulse 
height = AGy+ AG,, = 180 MS; (d) =-artery: used for qualitative 
comparisons only: the ordinate scale is for avnage strain,  (e) ZPG- 
rigid teaion: pulse height * 8.7 rS, but AGp = 3.96. 

pb<AOrz 

Fig 4. Flow system recordings for a bovine artery at high transmural 
preuurc for bload (same artery as in Figs. 3 and 5). Detaíla: (a) 
pressure: minimum = 75 mmHg, pulse height = 30 mmHg; (b) flow: 
minimum = O mlls, pulse height = 1.8 mils; (c) ZPG artery: pulse 
height = ACv+ AG,, = 34.5 pS; (e) ZFG-rigid section: pulse height = 
5.1 a, but AGp = 2.1 &. pdAC,, is the height of the Zffi aignai 
during its systolic upvmnp, whüe pdAGpz is the height of the ZPC 
simal between the foot and peak of the pressure pulse. 

Fig 5. Flow system recordmgs for a bovine utwy at high transmural 
preuurc for d i n e  (same utery as in Figs. 3 and 4). Detsils: (a) 
presure: minimum = 70 mmHg, pulae height - 50 mmHg; (b) flow: 
minimum = O mur, puke height = 2.8 mils: (c) ZPG-artery pul* 
height = AGv = 60 rS. Note that AG,, = O. 

195 

blood (see Fig. 5).  The pressure is high at 80 mmHg. Since 
the saline resistivity does not change with shear rate, the ZPG 
signal from the rigid section is zero (not shown). As a result, 
the ZPC signal from the artery looks very similar to the VPC 
signal from the artery [see Fig. S(c) and (d)] . Since pulse pres- 
sures were not the same for Figs. 4 and 5 ,  we fvst determined 
the equivalent arterial volume change from the ZPG signal of 
the artery from the following equation [SI : 

AV=p,, i 'AG=-  pb12AR/Rz for AR>>R (1) 

where 

AV = arterial volume change in pi 
pb =blood resistivity in cm 

1 = length of the arterial section between the voltage elec- 
trodes in cm 

AG = conductance change measured between the voltage 
electrodes in mS 

AR = amplitude of the impedance pulse (systolic upswing) 
in mn (we ignore the reactive component as it is much 
smaller than the resistive component) 

R = resisiance between the voltage electrodes in n. 

We then divided AV  by the puise pressure height to obtain 
arterial compliance at the transmural pressure. The two values 
obtained for Figs. 4 and 5 agreed to within 3 percent. This 
result, surprising at fust glance, can be easily understood by 
referring to the timing relationship bekeen pressure and flow. 
Note that the flow peaks earlier and decreases considerably by 
the time pressure peaks. AG,, peakswith flow and AG~peaks  
with pressure. Thus, in the net signal (ZPG from the artery), 
the result is a faster rising systdicupswing, with the foot-to- 
peak height of AGy affected very little by the presence o f  the 
AG,, signal. 

Fig. 6 shows the equivalent arterial volume change as a func- 
tion o f  average transmural pressure (determined as the sum of 
the diastolic pressure and 113 of the pulse pressure height) on 
different arteries. Since the height of the pressure pulse was 
not the same for different transmural pressures, we normalized 
the arterial volume changes to a 40 mmHg pulse by multiplying 
by 40 and dividing by the pulse pressure. Note that with 
increases in transmural pressure, the compliance decreases [4], 
and hence the arterial volume decreases. For two of the three 
arteries represented, there is good agreement for blood and 
saline over the whole range of transmural pressures. For the 
third artery, the curves do not agree well at high transmural 
pressures, with the blood resistivity change contribution being 
about 10 percent. 

Table I1 tabulates the results for one artery. Column 1 lists 
the minimai pressure in the artery and column 2 the pulse 
pressure height. Note that the minimal pressure increased from 
O to  80 mmHg. Column 3 gives the minimal flow and column 
4 the flow pulse height. We use the impedance pulse height 

. from the arterial ZPG signal to calculate the equivalent arterial 
volume change per unit length by modifying (1) as pb/AGv 
and list that value in column 5 in units of pl/cm. Column 6 
lists the impedance pulse height from the rigid section ZPG 
signal, pblAG,, in ,ul/cm [using (I)] ,to makeit easier to com- 
pare it to the ZPG signal from the artery. Column 7 giver the 
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Fie 6. Fjluivaient arterial volume change for a 40 mmHg pulse versus 
average tMsrnural  pressure. l~beis bdicate artery number' and S = 
saline. B = blood. 

.. . 

... TABLE I1 

i_ 

EXPER~MENTAL DATA POR ONE ARTERY 
(ID = 3 mm. OD = 7 mm (at Zero Transmural Pressure). 

ph = 158 I1 . cm. Hct = 45 Percent 

- -  I o 65 

2 I5 65 , -. 
3 15 m 

- 4  m m  
5 25 65 

6 25 65 

- .  1 I5 60 

8 4 0 6 a  

9 60 45 

.- 
r. 

0.0 

0.0 

-2.1 

-1.1 

0.0 

-1.5 

-0.6 

0.0 

0.0 

8.8 33.1 

4.4 22.1 

6.9 24.5 

5.1 23.0 

4.2 20.0 

5.5 23.0 

4.6 16.7 

4.0 14.1 

2.1 8.1 

2.25 

I .46 

1.31 

1.64 

1.09 

1.13 

1.55 

1.00 

1.32 

6.1 2.25 6.1 

6.6 0.23 1.0 

5.6 0.13 0.9 

1.1 0.27 1.2 

5.5 0.00 0.0 

1.6 0.40 1.11 

9.3 0.35 2.1 

1.0 0.40 2.8 

15.2 0.00 0.0 

.... 10 65 40 0.0 2.5 7.1 1.00 14.1 0.20 2.8 

11 m IZ 0.0 1.1 4.1 1.00 21.5 0.26 5.5 
C .  

-_ 
ratio of column 6 to the arterial ZPG signal in column 5 ex- 

.pressed as a percentage. This isa measure of the relative ampli. 
ude of the resistivity change signal to the volume change signal. 

4 o t e  that the resistivity change signal could be as large as 21.5 
percent of the volume change signal. However, since the resis- 
ivity change and volume change signal do not add in phase, 

_-he contribution of  the resistivity change signal to the total 
ZPG signal from the artery is rarely 21.5 percent. Usually, It is 

r- 

I .  

much less (5.5 percent or less). To make an estimate of  the 
actual contribrition, we determined the height o f  the ZPG sig- 
nal from the rigid section over the time interval during which 
the pressure pulse rises from foot to peak amplitude (see Fig. 4). 
Columns 8 and 9 list this parameter, pblAGpz, as anabsolute 
value in d/cm and as a percentage relative to the total 2% 
signal from the artery. 

and the resulting contribution of AG, was 6.7 percent. This 
case is similar to that of Peura et al. [3]. However, physiolog- 
ically, pressure and flow do not peak at the same time, and so 
we ignore this case in the discussion to follow. 

i 

! 

I For case 1, the pressure and flow peaked at the same time, I 

t 

i 

Note the following from Table 11. i 
I I )  With an increase in transmural pressure, arterial compli- 

ance decreases, which results in a lower AG" (column 5). 
2) With flow reversal (nonzero and negative minimal flow 

cases in Table ll), the pulse height of the ZPG signal from the 
rigid section increases (column 6). 

3) The percent contribution of the resistivity change de- 
creases with decrease in transmural pressure (see column 9). 

Exact quantification is difficult because of the following 
reasons. 

I )  Our experimental arteries were typically one half as com- 
pliant as the arteries found in the human leg. (Estimated h/R, 
ratio (thickness to outer radius ratio) at a transmural pressure 
of 100 mmHg averaged 0.18 for the artedes.) 

mmHg, while 40 mmHg is a typical physiological value. We 
had a higher value because of the interaction of flow and pres. 
sure controls. ~ 

~ 

dependent: controls to vary one variable invariably affected 
the other variable. So flow reversalwas typically obtainedonly 
at low transmural pressures. Addition of a pulsatile pump to 
vary the flow independent of the minimal pressure is desirable 
in a future study. 

4) The rigid section maynot simulate conditionsintheartery 
at all transmural pressures. At low transmural pressures, when 
the artery is narrower, its shear rates are higher than those in 
the rigid section, which results in a lower effect o f  resistivity 
change in the artery. 

DIXUSSION 
In this paper, we have presented our experimental data on 

the relative contributions of arterial volume change and blood 
resistivity change to the total impedance signal. Other re- 
searchers [ I ] ,  [3] have tried to quantify the relative contribu- 
tions and have either underestimated or overestimated the con- 
tributions since they did not simulate physiological conditions. 
Our in vino flow circulation systemsimulates the physiological 
conditions better than that of Peura et  al. [3]. We maintained 
a minimal transmural pressure of 80 mmHg and obtained the 
proper phase relationship between pressure and flow (see Mc- 
Donald [I 11 ;the flow peaks earlier than the pressure by about 
& of  the cardiac cycle). We could not achieve flow reversal 
at high transmural pressures because of interaction between 
flow and pressure controls in the in vitro system. We find that 
the blood resistivity change contribution is strong enough 

I 

~ 

~ 

! 2) The pulse pressure in our experiments was typically 60 

3) in our flow system, pressure and flow pulses were inter- 

. 
.~ .,. . ~ . .  . .. . ,~ ...I...".._I_ - . 
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(21.5 percent) to change the morphology of the impedance 
pulse, but because of the phase difference between the two 
contributions, it results in less than a 5.5 percent contribution 
to the height of  the impedance pulse. 

Sakamoto and Kanai [I]  also have studied the relative con- 
tributions, and they found that for the aorta, the contributions 
from the volume and resistivity change were about the Same 
order of magnitude. We computed the average shear rate in 
theirexperiment(see [I,p.694,Fig.21])tobe31.5s~',while 
McDonald [I I ]  gives the average shear rate in the aorta as 
80 s-'. Thus, they simulated conditions similar to Fig. 15(d) 
[ I ,  p. 6931 in their paper, while Fig. lS(e) represents a more 
physiological case for normal resting conditions. Hence, Saka- 
moto and Kanai overestimated the contribution due to the 
blood resistivity change in the large arteries. 

Our paper and those referenced above [I], [3] have ad- 
dressed the quantification of  arterial contributions to the non- 
invasively measured electrical impedance pulse. 

However, an impedance pul,se has additional contributions 
from veins and smaller blood vessels, due both to volume and 
resistivity changes. Toquantitate these contributions, we have 
modeled the leg circulation in detail, with more than 80 dif- 
ferential equations,.to determine the pressure and flow in dif- 
ferent sized blood vessels, and hence their contribution to the 
impedance signal [6]. Our model explains the differences in 
volume and plethysmographic signals under conditions of  rest, 
reactive hyperemia, atherosclerotic disease, and low transmural 
pressures (where arterial compliance peaks). See Table I11 for 
more details. We concluded that, under resting conditions, the 
contributions to the impedance puke from the large arterial 
volume change and blood resistivity change were, respectively, 
77.5 and 3.9 percent with the rest of  the contribution (18.6 
percent) from the microcirculation C'minocirculation" refers 
to all the vessels other than the large arteries). We also con- 
cluded that the volume plethysmograph was more sensitive to 
the microcirculatory contributions, which is especially evident 
in the case of  reactive hyperemia. 

Atherosclerotic disease was simulated in the computer model. 
In atherosclerosis, the average flow (hence, the average shear 
rate) is reduced, and hence the effect o f  blood resistivity change 
is increased. Since all the different contributions are more in 
phase now, the contribution o f  blood resistivity change is con- 
siderably higher at 1 0 2  percent. Note that themicrocirculation 
contributes 22.5 percent of  the total signal. We did not simu- 
late these conditions in the flow circulation system. 

Another study was performed on noninvasive determination 
of  arterial compiiance using the ZPC [I 21. We wrapped a pres- 
sure cuff around the lower leg and increased the cuff pressure. 
Note that as the cuff pressure was increased, the pressureacross 
the arterial wall decreased. Since the artery was less stretched 
now, its compliance increased [4]. Two circumferential elec- 
trodes glued in the middle of  the cuff recorded the impedance 
pulse AZ from which we calculated the arterial volume pulse 
AV. We determined the ratio of maximal arterial volume 
change (recorded near a cuff pressure equal to diastolic pressure) 
to the blood pressure pulse 69 as a measure o f  the maximal 
wmpliance. Thismaximal compliance correlates well with car- 
diovascular risk factors [13]-[15]. it decreases with age and 

67.3 Athcmsclcmtis 
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8.3 13.7 10.2 

Large 1 Artery I Micmcirculation 

Reactire 1 Hyperemia I 82.3 1 3.3 1 13.2 I 1.2 

further reduces with hypertension, and stiU further with p e  
ripheral vascular disease. On the other hand, Chinese and sub- 
jects who exercised regularly had values well above the average 
for their age group. 

To refine this meihod in our compliance study, we simulated 
the condition of peak compliance in both the flow circulation 
and computer model. Since the average velocity of  flow (and 
hence, average shear rate) is higher now (the volume o f  flow is 
about the Same as for the normal resting case, but the radius is 
smaller), the ACp is smaller and ACy is larger because the 
artery is more compliant now. The contribution from other 
vessels in the limb section is, however, zero, since they would 
be coilapsed when the cuff pressure is close to the diastolic 
pressure. Thus, the results show that the impedance can be 
used to determine the arterial volume change with less than 
2.3 percent uncertainty. 

CONCLUSIONS 

In this paper, we have provided details of an experimental 
study with a flow circulation system to quantitate the contri- 
butions to the arterial impedance signal. We have also con- 
ducted a separate modeling study to quantitate the contribu- 
tions from other blood vessels to a b %  unpedance signal [a]. 
We provide here the conclusions of  both of our studies. n,\r 

~ 1) The arterial blood resistivity change contributioniskrong 
&%&Pi'to change the morphology of the impedance pulse ob 
tained from an artery, but because of  the phase difference from 
the arterial volume change contribution, it results in&s $han a 
5.5 percent contribution to the height of  the impedance pulse. 

2) There are other contributions to the noninvasively ob- 
tained impedance signal from a limb segment. Our computer 
model estimates that under normal resting conditions, the mi- 
crocirculatory contribution can be significant, at 18.6 percent 
of  the total impedance signal. 

\c' b w  
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3) With reactive hyperemia, the microcirculatory volume 
change contribution to the impedance signal increases. cur*he 

4) With atherosclerotic disgaqthyr a ?cant increas 
of blood resistivity chang$%ontn utton o the lunb impedance 

ower transmural pressures, the arterial Eampiiance 
increases and the nuxima1 arterial volume can be estimated 
from the ümb impedance signal with littleFnc 

$V .r+ 
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COmJ" 
action of the heart. Its current applications for'menuring stroke vol- 
ume and quantification ofmyocudisl contracolity, hpwev r,ignore the 

are independent on the heart. Menurements of (dZ/di),i, on 146 
volunteers are statistically -dated with the systolic, dWtolic. and 
mean artednl blood p r m w  and heat rate. Statirtiully ngdfiunt COI- 
reintiom are obtained between the (dZ/df),i. and blood piornirei. but 
not with heart rite. The eonelations indicate that (dZ/dt)min h U- 

pccted to decrease as the arterial blood presnire knl inerrire%. 
relationship ir duddated with the help of a thmratical modd whidi 
combines the parallel conductor thmry with I mechanical model Of an 
elastic artery. n i e  andyds of the model is in agreement with Stitutical 
prrdietiona baaed on measured data, indicating üut (dZ/drhin explic 
itly depends on blood p ~ u r e  knl in UI invene manner. It  is con- 
cluded that the functional dependen- of dZ/& sign& on Z and Mood 

$1, a 7 V i M . w  .-,=TL.> L. " I pressure levels should be taken into acwunt if vilid conclu:ioni from 
ippliutiont of dZ/di &mis a ~ e  to be d r a w .  Suggestion: #re made to 
use the m e w &  wmbtions,.s a means to eliminate Z and blmd pres- 
sure levels as facton in applications of dZ/dr signals. 

poaaibüity that (dZ/dr),i, may be,sbongly modihed 3% y actors that 

! 

i- 

Calwlated - 
barurcd - 

Fig. 4. 

as the first model, yet draws from Contini's work to obtain 
the body segment panmeters. The results of  this model are 
seen in Fig. 3. Here again we see a large error in the measured impedance plethysmography 11 1-13] continues to attract 
and calculated center of pressure. For the most part, the two the attention of  many invertigators bemuse of its ability to 
results thus far pn identical. The explanation probably lies in provide in a noninvasive manner valuable information about 
the fact that the upper body, which is the most massive por- intravascular and extravascular fluid volume, heart function, 
tion of the body, is modeled identically in both calculations. and vascular response to the heart function. Since first sup- 

Fig. 4 shows results obtnided using the general geometric Bested by Nyboer er al. 141 this method has been used with 
rolid model of  Hanovan for human body segment parameters. various degren of success to measure stroke volume and car- 
A s  can be seen, this model'provides very good agreement with disc output [5]-[8] and total peripheral resistance I91 and to 
direct measurement of the center of pressure. The authors quantify myocardial contnctility 1101. The recent cvaiuation 
believe that these results justify a statistical evaluation of the by Schimazu et al. [ 1 1  ] of the parallel conductor theory, the 
usefulness of  Hanovan's method in quantitative posturography. physical basis of impedance plethysmography, indicates that 
Such a study is now underway. the error in measuring the blood component of resistivity 

caused by this modeling is less than f2 percent, which shows 
REFERENCES that the impedance plethysmography signals can be measured 

with hieh accuracy. 
Ito, Yamakoshi, and Togawa [ 15 1-1 17  I and Djordjevich et ul. 

[ 121, however, have raised the question of correct application 

I. INTRODUCTION 

[ I ]  - S. H. Kwzehw@. W. Stockwell. R. B. Mffihec. and F. Firoaz- 
mind. "On the role of dynamic mo&k in quantltaüve pos¡Gg- 
mphy," ~~~~ 1666 h*. Blomed. Ew., vol. BME-27, PP. 605609, 
Oct 1980. 
W. üraune and O. M u ,  mr Gana dmncnschen. Vmdie am 
Unbbtnlen und Bchmten Menrchen, Abb. d. Matban. Rych. 
Kl. d. K. Sicha GsaILch d. witrcnlch. Laiprb. vol. XXl, 1895. 
W. T. lkmpatez. "Spce rrquircmcnw of the mted opaitor," 
Wrkht Pattalon Ah Force Base, Dayton, OH, Rep. WADCTR 
55-159. 1955. 

of impedance plethysmography in impedance cardiography 
and quantification of myocardial contractility; these are based 
on measurements of (dZ/dr),,,ini which is the magnitude of 
the negative peak of the first time derivative of the transtho- 
racic impedance Z. They experimentally demonstrated I121 
that this peak is proportional to the timeaverage value of 2. 

(41 R Contini, "Body w e n t  parameter:: part 11," &tif. un&, 

[SI E. P. Huuna, "A mathenutid modcl of human body," M.S. 
thesis. WAF Inst T d . , k a s h t  PattmOn Ak For- Ba:e, Dnfion, 
OH, 1964. 

la] M. T. Koozckwni* Irom 
ppcn prercnted at the 1984 SCS Simulators Coni., A v .  1984, 

Inc.. P.O. Box 2228. ia Jolla, CA 92038.) 

and sugested that this dependence should be taken into ac- 

major factor, such as in stroke volume measured by impedance 
cardiography, or in myocardial contractility. in addition, the 
shape and the amplitude of the dZ/dr signal may be expected 
to be strongly influenced by the dynamic reSpOnse of the vas- 
cuiar system to the ejection of  blood from the left ventricle, 
which in turn is the consequence of nonlinear, viscoelastic 
nmture of srterial walls. Thus, dZ/dr should also depend on 
the rate of ejection. the mean arterial blood messure. and the 

val. 16, no. 1,pp. 1-19.1972. . count in all applications where the magnitude of  the peak is a 

" T. Bshneuda3 Ir., uid s. 
ñom sirnubtion 

modulus of e-lasticity of arterial walls. 
This communication presents the directly meanired rela- 

tionship between the (dZ/dt)min peaks and arterial blood pres- 
sure in normal subjects, and offers an explanation for this 
relationship. 

Cornlition Betwem Arterial Blood Reswire Levels 
and (dZ/drkin in impedance Plethywogiaphy 

L. DJORDJEVICH, M. S. SADOVE, 1. MAYORAL, 
AND A. D. IVANKOVICH 

13N"Uw' 11. METHODS 
\~ 

Abma-(az/dt)d,, Midi is the m b - d e  of the negrtivc 6c;"of Measurements were done on 146 volunteers of both sexes, 
tba hrst h e  derintirr of tiui:thMcic cktn& hpebcc z, pbys a who had no known cardiovascular disorder other than hyper- 
kCy m% impdurn plethymomwhy kur it &+ pumping tension. Normal healthy volunteers were used to avoid Po&- 

ble failure of accurate identification of dZ/dt peaks in various 
Manuroipt received Novaiber ~ 2 . 1 9 8 3 ; ~ n i p d  ~ ~ ~ t t  30,1984. pathological cardiovascular states. The transthoracic elcctricil 
Theauthors M Mth the D e m e n t  of Ancnhesiology, Rush Rcsby- impedance Z was measured with voluntcerJ in supine position, 

after 1 O min rest in that position, so that a steady-state Wrcula- 

'.,,.>P 0'. 

tuian St. Luke's Medid Center. chiipgo, IL 60612. 
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io iZ oilor 
Fii. 1. ~sctrods attachmwita for the impedance plethyanogaph. 50 100 *.o mo 0.01 

P- 

Fig. 3. Correhtion of dZ/dt paka with dimtoüc pr"tiuis a, mm ari+ 
IW pmun b, and iyatoiic prsuure e. ColrsLüon of the nib R 
with dimtolic p m m  d. mean u t d  prsrairs e. and ryrt& proa 
-f. 

.tion is achieved. Z and dZ/dt were measured with the Imped- 
ci ance Cardiopph.  model 200, manufactured by Instrumenta- 

tion for Medicine. Fig. I illustrates electrode attachments. A _- constant current osciktor produces 4 m A  rms current with 
100 kHz frequency in the chest region between the two outer 
electrodes. This combination of current and frequency is con- 
sidered very sefe. with the current level 20 times lower than ._" the threshold of perception. The two inner electrodes serve 
as measurir@ electrodes, connected to the detection portion of 

,...,.the impedance meter which measures Z and dZ/dt continu- 
ously as functions of time. Typical recordings of the output 

.. . are shown in Fin. 2. 
Z and dZ/dr signals, in the form of voltage, em connected to 

" . two input channels of an andog-to-digital converter which ia 
part of a PDP-I 1/03 miniwmputer manufactured by Digital _ _  Equipment Corporation. The negative peaks (dZ/dt),in of the 
dZ/dt Bgneis are detected in every cardiac cycle by a pattern 

r.. recognition routine of the computer program. and their mag- 
nitudes are stored in an array. Another routine simultaneously 

~ . samples the values of Z. Aft- 1 min of sampling, the average 
values of Z and (dZ/dt),g. are calculated and printed. r. Simultaneously with impcdance measurements. peripheral 
arterial blood pressures are measured automatically by a Dina- 

-..map model 845 (Applied Medical Research Corporation) unit 
which measures systolic, diastolic, mean arterial blood pres- 

=. sure, and heart rate using a cuff placed on the upper arm. Blood 
presaure measured in this manner is slightly amplified, but di- 

.... rectly proportional to @e central arterial pressure. 
After each measurement on a volunteer, avmge  values of Z. r. (dZ/dt),in, systolic, diastolic, mean arterial pressure, and heart 

rate are stored in a data diskette. When aii 146 volunteers 
-.,were measured, data stored on the diskette were correlated 

and statistically analyzed by the computer. . In. RESULTS 
L (dZ/dt),ln represents the average of the absolute values of 

magnitudes of the negative peaks of the dZ/dt signals.obtained 
c during a 1 min period of measurement on a volunteer (Fig. 2). 
~ For each cardiac cycle, there is one such peak corresponding 
L-.to the maximum rate of change of Z. 

The sample size, on the basis of which all correlations below 
?-.are calculated. is 146. Comlations are obtained by  linear re- 

gression. The standard deviation around the correlation a is 
reported together with the mmJation. The statistical signifi- 

cance of the correlation ia determined by calculating the value 
of p, which repredents the probability that the regression coef- 
ficients are zero. The significance of correlations is detsnnined 
by the F test of the null hypothesis that regrefaion coeffcienta 
are zero, and that thnr  is no relationship between variables. 
For values of p which em less then 0.01, the correlation ir 
assumed to be statisticaiiy significant because t h m  is a 99 
percent probability thnt there exists a true dependence of 
(d.Z/dt),i. on the independent variable. 

in aii comlations below, Z is measured in ohms, dZ/di in 
ohmsls, blood pressure in millimeters of mercury, and heart 
rate in beatslmin. The mean value of measured (dZ/dt),i, 
is 1.6325 Sals. 

(dZ/dt),in is fist correlated to the mean arterial pressure 
Pm 

(dZ/dt)dn 4.220 - 0.02756Pm (1) 
with u =  0.5236. p < 
pressure range between 67 and 126 mmHg. 

96 to 1 EO mmHg is 

This correlation is valid for the 

The correlation with systolic pressure Ps in the range from 

(dZldt)min =a 3.3276 - O.O1352P, (2) 

The correlation with diastolic pressure pd in the range from 
wi thu=0 .567andp<  

54 to 102 mmHg is 

(dZldt),,,in -4.0131 - O.O3016P,j (3) 
with u = 0.537, and p < IO-'. 

The results are graphically represented in Fig. 3, which shows 
that all three functions are decreasing. 

The correlation with heart rate (HR) has p > 0.5 indicating 
the absnce of relationship between (dZ/dt),I, and HR in the 
range from 5 I to 117 bcatslmin. 

An earlier study [121 indicated strong correlation between 
(dZ/dt)min and Zo. which is the time-avmge vaiue of Z 

with o = 0.2739 and p < IO-*. 

of (dZ/dt),i. by forming the ratio 

(dZ/dt),c, 0.099320 - 0.9038 (4) 

Equation (4) is used to eliminate the influence of Zo on value 

R = (dZ/dt),in/(dZ/dt), ( 5 )  

D = (dZ/dt),i, - (dZ/dt), (6) 
where (dZ/dt), is the predicted value of (dZ/dt),ln calculated 
from (4), for measured value of Zo. R and D are then corra 

and the difference 

, 

I 

\ 

I 
I 
I 
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Fig. 5. nie dirtrlbution of raw &fa points of the ratio R u a function 
of the mean utar*l Mood pianun C), uid the naiaponding ünsrr 
regudon üne (-). 

latcd with Pm , Pa, Pa. HR, and Zo 

R = 2.1312 - O.01274Pm 
with a = 0.2242 andp < 10-5, 

R = 1.546 - 0.00487P. 

(7) 

18) 
. I  

with a = 0.2522 and p < lo-*, and 

with a = 0.2299 and p < lo-'. All three equatidns (7)-(9) 
represent decreasing functions in the respective domains. as 
seen in Fig. 3. The dopes of aii six correlations depend on 
the physiologic range of respective blood pressures. Hence, 
the two correlations with Pd (iines n and d in Fig. 3) are the 
steepest because the range of Pd is the smallest. while tines c 
and f are considerably less steep because of the large range of 
PP The typical wattergrams, showing aii 146 raw data points, 
are given in Fig. 4 for (dZ/df),in, and Fig. 5 for the ratioR. 
Both show the distribution over the range of the mean arterial 
blood pressure P,. The scattergrams over the range of P. and 
Pa (not shown to avoid crowding of points) are very similar 
to Fur. 4 and 5 because the ordinates for each point are iden- 
tic& while only abscissas differ This is reflected in small 
düfmncss between the respective standard deviations. 

The cumlation of R with HR results in p > 0.05 while the 
comelation with ZO results in P >0.25. It is therefore con- 
cluded that R does not depend on HR and Zo. Similarly, 

(1 O) 

r '  
R = 2.0504 - 0.01413Pd (9) 

P 

r 

r 

F 

- 
,+. 
I D =  2.145 - 0.O2408Pm 

with u = 0.4048 and p < 
D =  1.2402 - 0.01082P8 (11) 

D =  1.931 - 0.02593Pd 

with a = 0.4525 and p < and 

(1 2) 

with a = 0.4198 and p < lou5. Ayin,aii threefunctions (10)- 
(12) are decreasing in respective domiins. Cornlotion of D 
with HR gives p = 0.043, which is on the borderline of being 
statistically significant. Howcver, the correíation Of R with 
Zo results in p 6 0.88. Hence, both R and D are independent 
of 20. 

The correlations Of Zo with Pm, P,, Pd, and HR d resulted 
in p > 0.1, indicating the absence of a functional rehtionship. 

IV. DiSCVSSION 
The basic fmding of this study, as evidenced by (1)-(3), is 

that the magnitude of the (dZ/dt),,,f, peaks is a function of 
arterial blood pressure, in addition to the dependence on 20, 
which was reported eartier [ 121. Elimination of the influence 
of Zo, using (5) and (6). stiU leaves the comelation between 
dZ/dt peaks and blood p r e m  unchanged, as lcen in (7)- 
(12), indicating that the dependence on blood presaire is di- 
rect and not through Zo. n*is. dZ/dt peaks depend at least 
on blood prwunire levala,Zo [121,[151, I161,tndntcofcjee- 
tion of blood from heart (or rortic flow wave) as pointed out 
by Ito, Yamakoshi, and Togswa 1151, I171. Thee rektion- 
ships can be elucidated by anplyzing a Bmple dynamic model 
of elastic irtsrial expuuion cawed by the wiation of blood 
pressure during the cycle. 

Starting with the parnllr.1 conductor model of impedance 
plethysmography [ 1 1  I ,  we can write 

l / z = l / Z ~ + l / z ,  (13) 

where Z is the total impedance, Z b  is the impedance conirib 
uted by volume of blood, which, according to the basic ab 
sumption of impedance plethysmography, coni8ina the only 
variable component of impedance. Z, is the constant portion, 
attributed to the rest of the tissues. The fmt time derivative 
of Z is therefore 

(14) 
On the other hand, the simplerelationship between the cross- 

sectional ama (a) of an elastic artery and blood pressure (P) as 
derived by Bergel [ 13 1, can be written as 

dZldt = Za/Zg X dZb/dt. 

n=noi2P/E(K2- l )+1l2 (15) 
where no is unstretched crossaectional m a ,  which comrpondr 
to P = O, E is the modulus of elasticity of artsrial waii, which 
is a function of P, and K is the ratio of the outer to the inner 
diameter of the artery in the unmtched state. 

Assuming cylindrical geometry of blood veaseis in the region 
of length L between the measuring electroda, and that the 
onlyvariable component of impedancesignal comes from blood 
in the vessels, the relationship between n and Z, is given by 

0 = pL/zb (16) 
.. 

so that 

(1 7 )  

where p represenis the electrical resistivity of blood. 
Differentiating (I  5) we obtain 

dn/dt=I4n0/(K2 - l)'IIZP+E(K'- 1)l 
. [E - P(dE/dP)l/E3(dP/df). (18) 

dn/dt E -(pL/Zb)(dZ,/dt). (19) 

Differentiating (16) we obtain 
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+ Combining (14) and (17)-(19) This conclusion is consistent with the analysis of a model of 
elastic arteriw having modulus of elasticity whichis a nonlinear 
function of  blood rrressure. dZ/dt’- (Z1/Zbo)14/(X1- I)’I[ZP+E(R’- 111 

. [ E  - P(dE/dP)1/E3(dP/dt). (20) dZ/df peaks play a CN& role in current applications of im- - pedance plethysmography. impedance cardiography, and in 
The peak of the dZ/df sbnai. (dZ/df)min, Occurs when the ab- quantification of myocardial contractility, but in a mmer 

, solute value of the right side of  the uluiition (20) is at maxi- which tends to ignore the discussed facton. niis may to 
mum, which timewise closely corrssponda to the moment iMCCUratC rcsuits and erroneous interpretations. fithnigb 

~ when the rate of  ejection of blood from the left ventricle dur- the measurements of impedance plethysmography sign& and 
ing the cardiac cycle is at maximum, and which in turn CfueS the underlying parallel conductor theory are accurate 11 11, . dP/dt to be at maximum. their applications may not be. The correlations suggest that 

the ratio R or the difference D. as defined in Section n1, are 
(21) better suited than (dZ/dt),i. for applications in imeedancc 

cardiography and the analysis of myocardial contractility b a  
whcm 2, is the tirne-average value of  Z and A2 the variable cause they eliminate the influence of Zo. which is an artifad 
portion of  the signal. Typical valuw of Zo are 20-30 a. while in these applications. However, the dependence on blood prep 

I the maxima of A2 are of  the order of  only 0.1-0.2 51. Hence, sure stül  remains. It could, perhaps, be elimituted by  means 
the predominant portion of Sienal Z is 20. of  the above reported correlations with blood prsssure. In any 

It is possible now to offer an explanation for the correlations case, this dependence should be taken intoaccount whenever 
listed in Section IíI. the dZ/dt signal is a significant factor. 

According to (20). (dZ/dt),l, is dirsctly ploportional,to 
the Zl/Zbo factor. Hence, in view of  (21), tha direct propor- 

REFF.RF.NCF3 
crease of dZ/dt peaks when 2, is incrwed. - The correlations with blood pressure can be explained US- 
(ZO), by keeping in mind that the modulus of  elasticity E is a 

- monotonicaiiy increasing nonlinear function of  blood pressure 
[ 141. E can be exprmtcd in terms of  P either as a polynomial 
such as mllV Dimre St, Laui~. M O  Moiby. 1978. 

in terms of Zo , Z can be written as 

‘ Z - Z o + A Z ( t )  

- tionility expressed by (4). which statistically confirms the in- 
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Measurement of the blood-pressure constant k, L 
a pressure range in the canine radial artery 

M. Voelz 
Poner Building. Biomedical Enginesnng Contis. Purdus UnlYerBllv Wesl Lolavane. indiana 47907 

Abstract-The value of lhe blood pressure conslant k in lhe now known equelion 

M = D + k f S - D )  

wasmeasuredovers widepressurerangeinrhe canrncradialnnerv. This equation ts usedtoeriin d: 

the value of the mean blood pre-ssure hom rhe measured values o1 the diastolic and svsio/ic bm-. 
pressures. Ir was found rhat k varies widely. Ir is concluded rhaf this eqoarjon cannot give 
accurare esrimare o1 rhe mean blood pressure lrom rhe SvSfOlic end diastolrc pressure readmg: 

Keywords-Dmsrolic blood pressure. Mean blood pressure, SYslolic blood bressure 

1 lntruduction 
I &  clinical practic?, three arterial pressures. systolic. 
mean and diastolic, are important in the assessment of 

 cardiovascular dynamics. Systolic blood pressure is 
the maximum and diastolic is the minimum pressure. 
Mean blood pressure is the average pressure forcing 
blood through the arteries. Because the tilood piessure 
pulse is not symmetrical; ahout the t i m  axis, the mean 
blood pressure is not the average of the systolic and 
diastolic pressures. The mean pressure is the area 
under oneblood pressure pulsedivided bythe period of 
the same pulse (Fig. I ) .  

Mean blood pressure can be measured directly with 
a blood-pressure transducer coupled to anarter). The 
signal from the transducer can be processed using a 
long rise time constant which dampens out the 
pulsations of the signal, yielding the.mean blood 
pressure. 

Mean blood pressure can be calculated accuratel) 
using the following expression 

. 

.Lf = U J  {P(t)di}.  . . . . . . (1) J' 0 

u,here .U is the mean blood pressure. J is the period of 
onepressuregulse,.and theintegral ofP(r)drís thearea  
under the pressure pulse. 

When the blood pressure is measured indirectly 

~GEDDES 19701, it is often estimated using the  
following expression 

M = D+k(S- -D )  . . . . . 121 

where M is the mean blood pressure. S a n d  D are the 
systolic and diastolic blood pressures, respectively. 
and k is a constant with values ranging from 1/2 to  I /4. 
depending on the site oí measurement. In reality, k 
represents tb¿ fraction of the pulse pressure waveform 
above diastolic that identifies mean pressure. 

If the pulse waveform was a sinewave. the mean 
value of the pressure pulse would be half way between 
the peak and the trough of the waveform (Fig. 2). 
Because the blood pressure waveform is broad at the 
base and narrou at the top, the mean pressure is 
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To date there is very liltle informatiori '3  .pic& 
values of k .  This report prcienrs the ! : I  Nie? for i 
measured over a wide pressiire range in ine mine 
radii1 artery. 

2 Methods and mteriab 
Ten dogs, ranging in weight from 12 I ;  . ! k . wcrc 

anaesthetised with sodiu+ pentobarbird Tb rish 
radial artery was cannuiated. with i  in ,vallec: 
catherer. and the blood pressure was recor;:cd ,sing i. 
Microswitch blood pressure transducer I Mi,.ro, uitch 
Model experimental) which t1ad.a unilwni ire,~,nenc:. 
responxextendingfromOt0 I5OHzwhen c ) u p  .:d:.o:i 
0 a m m  internal diametcr catheter. ~ 52 inri long. 
Hypertensive episodes were induced by [hi: coi :ro;le<l O 



ressure 
signal 

W i l l  I 

ern, 1 

tip 5 presents the mean values or k plus and ininus 
one standard deviation lor pressure classes %Omm Hg 
wide throughout the pressurc range. Noic that the 
value or k i s  not unique over the pressure range. 

o 4r 
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I n  the dog tadi:i' arteiy. the valur loi 1 t.3, 

nicasurrd over a u,.i: b i ~ ~ o d  pressurc r a n p  I ;  L,: 
found ihat i does not h a w  a unique value ai c.irt. 
prcssurc 1-liereíore. i t  IS not possibie tci obiam dii 

accurate value lor the mean blood pressure u,w,g i h i  
systolic and diastolic pressures and selecting a sinple 
value lor k. 
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: s t e  ! r a h a j n  m o s t i ó  la re l .ac i f in  d e  l a  p r e s i h n  a r t e r i a l  n e n e r a l  
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de f i z , i d o g i a ,  ~ i n g e r i i i , r f a  p a t o l o g i a .  
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t a l e s  cnrnri son p r e s i f i n  a l t a  y p r e s i ó n  t i a j a . ~ u n t o  con Ins  tnpca- 

niFimoii qiie hacen Itesemtiocar en e s t o s  p a d e c i m i e n t o s  y c o n s e c u r  

e n c i a s  d e  e s t a s . e n  d i f e r e n t e '  órganos  de los p a c i e n t e s  ~ n v o -  

l u c r a d o s  en e s t o s  p a d o c i m i e n t o s ( e n  c a s o s  de i n h a n l l i t a c i f i n  de 

l a  persona  C O ~ O  a p o p l e j i a s  causaoos  p o r  p r e s i ó n  a l t a , o  la p e r  

d i d a  de l a  v i d a  por  l o s  p e l i g r o s o s  ctioques causados  por  l a  r- 

p r e s i 6 n  b a j e  j 

Loncluimos que e s t e  t r a b a j o  t r a ~ o  de a l c a n z a r  e1 o b j e t i v o  pa- 

r a  i.1 cual .  f u e  c l a h n r a d o , p e r n  no f u e  consequido en su t o t a l i -  

dad.En p a r t e  p o r  I n  i n e x p p r i e n c i a  en d i c h a s  ramas d e  los que 

p a r t i c i p a r ó n  en l a  e l a b o r a c i d n  de e s t e .  

Pern esperamos que s i  es re tonado e l  tema,a  l o s . . q u r  l o  tomen 

s i r v a  de  a u x i l i o  fri d i c h a  - tarea .  

- 



N o e e x i s t e  n i n g ú n  s i s t e m a  i d e a l  de r e g i s t r o  d e  p r p s i ó n .  

Respues ta  de f r e c u e n c i a  de l o s  s i s t e m a s  de r e q i s t r o  

Una r e p r o d u c c i ó n  de l a  a l t a  f i d e l i d a d  de una dorma de onda 

puede s e r  r e g i s t r a d o  p o r  medio de u n  s i s t e m a  que n n s  de una 

r e p u e s t a  uni forme a l a  detrima a r f ' o n i c a  d e  su f r e c u e n c i a  f u n  

damental .  Con l a  f r e c u  n r i a  c a r d i a c a  c1e 240 l a t / m i n . ,  l a  f r e c u -  

e n c i a  dp1. p u l s o  es do 4 / s e g .  y e n t o n c e s  l a  clecima armonica  es  

de 4 0  c i c l . o s / s e g . ,  n e c e s a r a  p a r a  que los c m m h i n s  más r a p i d o s  

de l a  p r e s i ó n  durant,e  e l  p u l s n  ? e a  r e g i s t r a d o  f i r m e n e n t e ,  

Es mas i m p o r t a n t e  p r o b a r  l a  r e s p u e s t a  dinarnica d e l  s i s t e m a  

c n m p l e t o ,  cuandn e 1  t r a n s i i u c t n r  es ronec tadn con u n  c a t . e t e r  

l l e n o  di= l i q u i d o ,  l a  r e s p u e s t a  d e  f r e c u e n c i a  d e l  manometro 

s e  reduce grandemente para  que una masa que debe l o s  c.amhios 

d e  p r e s i ó n  y su i n e r c i a  s e  reduce  y l a  f r e c u e n c i a  de r e s p u e s t a  

d e l  manom e t  r o t  t amhitln. 

La masa d e l  l i q u i d o  puede s e r  r e d u c i d a  emplando tubos  d r l  

c h l i h r e  mu!/ c o r t o ,  y d e  aumentar l a  r e s i s t a n c i a  f r i r c i o n a l  

a l  mivimiento  d e l  l i q u i d o ,  una p a r t e  de l a  e n e r r ~ i a  s e  d i s i p a  

en fnrma de f r i c c i t i n  e s t a  es  una forma d e  a m o r t i g u a c i ó n .  

S i  s e  i g u a l a  con UI' grado apti i , :n d e  a m o r t i g u a c i o n .  : ' : e j o r a r a  

grandemente las c a r a c t e r i s t , i c a s  d c ,  l a s  r e p u e s t a s .  

.-  
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