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Study of the viscoelastic prop- 
erties of the arterial tree in man is 
d i f f icu l t .  Pbst previous reports on 
a r t e r i a l  canpliance (dis tensibi l i ty)  in man,  
i n  which canpliance has been estimated 
direct ly  fran pressure-volme relationships, 
have involved arteries taken f r m  cadavers, 
( 1 , 2 ) .  In vlvo studies in hmans have 
usually ut i l ized indirect  estimates of 
m p l i a n c e  (3-8), such as a r t e r i a l  pulse 
wave velocity (5,B) . 

Arterial  canpliance has been a 
sanewhat neglected subject i n  recent 
cardiovascular research: t h i s  probably 
re f lec ts  methalological d i f f icu l t ies  rather 
than lack of interest (3-7) and does not 
imply tha t  aberrations in  a r t e r i a l  disten- 
s ib i l i t y  play no impr tan t  role in  human 
circulatory pathophysiology and disease. 
Loss of a r t e r i a l  canpliance i s  seen as 
par t  of the process of a r t e r i a l  aginq 
(1-4 ,6 ,9-11) .  In v i t ro  studies have 
documeJlted a diminution i n  m p l i a n c e  in  
arterial hypertension in  man (1,2). 
Reduced arterial compliance in  man has been 
related t o  systolic hypertension in  the 
elderly (3 , l l )  and t o  abnormal baroreflex 
function i n  hypertensive subjects ( 5 , 1 2 ) .  

A method for studying arterial 
cmpliarlce in  vivo in  man muld be of 
considerable value. 
technique for estimating a r t e r i a l  complianm 
from the intra-arterial  pressure pulse 
contour a d  calculated t o t a l  peripheral 
v a s m t o r  resistance (13) .  The methcd. is 
based on the relationship of the change in  
a r t e r i a l  volume (LV) during a selected 
interval of the diastol ic  runoff period, 
t o  the f a l l  i n  pressure (AP) tha t  this 
change in  volme prciiuces. Since this 
methcd is a direct  expression of pressure- 
volme relationships, it carries potential 
advantages over other indirect  estimates of 
a r t e r i a l  canpliance, such= those based on 
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p l s e  wave velocity measurements (5,8). 

ME71IOE AND MATERIALS 

Yatient Groups: 

Arterial  cmpliance w a s  
estimated in 27 subjects undergoing 
diagnostic cardiac catheterization who 
had no evidence of aor t ic  valvular 
disease or of intra- or extracardiac shunts. 
Three groups were defined: Group I, eight 
nomtensive patients (mtra-ar ter ia l  b l o d  
pressure less than 140  nnn Hg systolic and 
90 m H q  diastol ic)  (5  men (KO /3 m e n  (v4 ) 
under the age of 40; Group 11, 13 n o m -  
tensive patients ( 9  m/4 w) over the age 
of 40; Group 111, six  hypertensive 
patients ( 5  m / l  w) under the age of 40. 
A l l  hypertensive patients m e t  a t  l eas t  two 
of the three follcwing cr i ter ia :  brachial 
in t raar te r ia l  blood pressure ' 140 mn Hq 
systol ic ,  ' 9 0  m Hg diastolic: or 3 100  mn 
Hg mean. 

Catheterization Procedure and Measurement 
of Haeriodvnamic Variables : 

None of the hypertensives 
had received sympatholytical drugs. A 
number 6 or 7F Eppendorf b t h e t e r  was 
passed t o  the pulmonary artery through a 
venotcmy. A polyethylene catheter w a s  
placed in the  brachial artery and the dead 
space of the sampling system and the r a t e  
of wiwrawal  was taken into account. 
Indmyamine green, 2.5 mg was injected 
rapidly into the pulmonary artery, 
employing a saline flush. 
on points were used for the densitmeter 
and cardiac output was calculated by the 
mthod of Hznilton e t  a1 ( 1 4 ) .  

Three cal ibrat i -  

A n m k r  6 , 7  or 8F Eppendorf 
catheter w a s  then placed in  the brachial 

artery and advanced t o  the ascending 
aorta where pressure-pulse c o n t a r  w a s  
again recorded a t  200 mn/sec. on a 
calibrated E for  M recorder. The estimat- 
ion of arterial canpliance was based on 
masurements fran 2-6 a r t e r i a l  pressure- 
pulse contours a t  each site. 
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Estimation of Arter ia l  Ccanpliance Index: 

Winclkessel 'theory views the 
(central)  a r t e r i a l  system as an el.astic 
chamber w i t h  a l inear  pressure-volume 
relat ionship k ~ e e n  end-systole and end- 
d ias to l e  (7 ,15)  . Howver, artex-ial 
compliance which is  measured as the change 
i n  volume t h a t  accompanies a u n i t  change 
i n  pressure ( S V / P j  is nonlinear ( 1 , 2 )  
and describes the physical properties 
( v i s a e l a s t i c )  of t he  walls of the larqe 
and medium a r t e r i e s .  
t o  measurement of systanic arterial 
c q l i a n c e  d e p d s  on the simultaneous 
estimation of change in a r t e r i a l  volume and 
arterial pressure during d i a s t o l i c  runoff. 

The present approach 

For the estimation of ch'mge 
i n  a r t e r i a l  volume (".v), t h a t  is f low out 
of the arterial systan in to  t h e  cap i l l a ry  
bed, of necessity an indirect  method is 
us&. The estimation of LV i s  ksed on the  
relat ionship between the instantaneous 
r a t e  of change i n  arterial volume, dv/dt, 
during d i a s t o l i c  runoff, and the instant-  
aneous arterial pressure ( P ) .  I f  two 
simplifying assumptions are made, f i r s t  of 
a l i nea r  r e l a t ion  of flow to  pressure a t  
pressures above approximately 20 m Hg (16,  
17) an3 second t h a t  the pressures used 
during d i a s t o l i c  runoff are the  same 
thrmghout t he  central  arterial systan,  the 
change i n  a r t e r i a l  volume f o r  t he  p r i o d  
t l - t 2  (Fig. l ) ,  may be calculated.  This 
is acccmplished by i n t e g r a t u y  to  f ind t h e  
area under a designated portion of the 
a r t e r i a l  pressure pulse curve i n  d i a s to l e  
(eliminating the area of assumed physiolq- 
ical nonlinearity for  the relat ionship of 
flow t o  pressure, t h a t  i s  below 20  mn Hg), 
a d  dividing by the resis tance t o  f l o w  frcm 
the  cen t r a l  arterLal system ( t o t a l  v a s m -  
t o r  r e s i s t ance ) .  
d i a s t o l i c  pressure pulse contour used, f ran 
tl (0.06-0.08 sec a f t e r  the peak of the 
d ic ro t i c  wave) t o  t2 (0.20-0.24 sec aft-er 
t1) w a s  chosen t o  avoid Jberrations Laom 
to ccm i n  t h e  brachial  pressure pulse 
contour, when ccnplared with the a o r t i c  
pressure pllse contour during systole  and 
the  dicrotic wave (18) .  'I'he corresponding 
change i n  pressure i s  measured. d i r e c t l y  
f ran the  pressure pulse contmr.  

The portion of the 

Chanqe in volume (GV) is  
adjusted for  kxdy surface area (=A) to  
correct  fo r  differences i n  M y  s i z e ,  and 
ACT, the mean a r t e r i a l  ccmpliance index 
(AV/BsA/ ZP) calculated. (See Appendix) . 

The general character is t ics  
and haemodynamic measurements of the 27 
pat ients  studied a re  sham i n  Table 1. 

Arterial  Lwnpliance index 
decreased with age. There was a s iqn i f i c -  
ant inverse correlation between age ad ACI 
in normotensive subjects; r = -0.496, 
ps.0.05 (Fig. 2). There was also an inverse 
re la t ionship between a r t e r i a l  cmpliance 
index and blood pressure (Fiq. 3) . Further, 
i n  an individual subject,  ACI w a s  depend- 
ent  upon instantaneous blcd pressure. 
With spontaneous chanqes i n  blood pressure,  
X I  varied in a systematic,inverse fashion 
with blood pressure (Fig. 3 ) .  Consequently, 
the ease with which the systemic arterial 
system could be distended (XI) increased 
as blood pressure fell .  

The relationship of X I  t o  
blood pressure and t o  age was fur ther  
evaluated by comparing ACI i n  tw pa t i en t  
groups, matched i n  one instance for age, 
and in the other fo r  blood pressure. ACL 
w a s  canpared i n  the nomotensive groups I 
and 11, matched fo r  blood pressure (mean 
b l d  pressure 8 1 ~  F 5 mn and 82 f 8 mm) ku t  
w i t h  a signif icant  difference i n  aqe (32.0 
f 6.4 yrs. and 53.4 i 8.8 yrs, p<O.Ol)? 
The sj~gnif icant ly  lowr ACI i n  the older 
pat ients  (0.678 F 0.191 ml/m Hq.m2 and 
0.975 ir 0.191 m l h  Hq.m2, p<:O.Ol)  is  
at t r ibuted t o  t h e  e f f e c t  of age on the 
arterial systen and not t o  any minor d i f f -  
erences i n  a r t e r i a l  blood pressure that 
may have existed.  Pat ients  of similar aqe 
(32.0 F 6.4 yrs and 31.0 i 6 . 1  yrs), but 

w i t h  a s ignif icant  difference i n  blml 
pressure (Group I vs Group 111) (mean blocd 
pressure 8 1  t 5 mn nnd 106 i 11 m, p.'O.Ol) 
w e r e  also cmnparedl . The ACI w a s  s ign i f i c -  
ant ly  lower i n  the hypertensive group 
(0.577 f 0.170 and 0.9'75 i 0.191 m l / m  
Hg.m2, ~ " 0 . 0 1 )  . 

Thus, blood pressure and 

Wen the 
age appear t o  a c t  as indeLmdent determin- 
an's of arterial cmpliance.  
ACI w a s  compared i n  the older normotensive 
subjects (Group 11) and the young hyper- 
tensives (Group I I I ) ,  no s iynif icant  

* The s i g n i f i c a n c e  l e v e l s  cf the d i f f e r e n c e  
between groups were determined b y  
Scheff; m u l t i p l e  comparison confidence 
l e v e l s .  (Scheffi?, H: Analysis  of 
Variance, New York, John Wiley & Sons, 
I n c . ,  1959,  pp G G - 7 2 )  
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difference was note3 (0.678 f 0.191 and 
0.577 If 0.170 d /nm Hg.m2, n .s . ) .  Data 
obtained frcm the brachial artery s i t e  were 
similar t o  those shom for  the aorta. 

Since calculations of 
ACI involve to t a l  p r iphe ra l  v a m t o r  
resistance, % (equation 1 0 ,  appendix) the 
contrjbution of t o  the correlation of 
ACI with systolic b l o d  pressure was 
evaluated. ?he correlation ccef f ic ient  
of ACI w i t h  systolic b l o d  pressure was 
r = -0.754, ~0.01. %en 'he contribution 
of 
p r t i a l  correlative analysis, the correla- 
t ion was similar, r = -0.626, p'0.01. 
This finding s u p p r t s  the observed decrease 
in  X I  with increasing blocd pressure 
(Fig. 3 )  as  being real and not a spurious 

mathematical relationship dependent on 
any contribution of t o  blocd pressure. 

t o  t h i s  correlation was removed by 

'Ib test the re l iab i l i ty  of 
the estimates of systmic a r t e r i a l  cmplia- 
nce derived fran pressure-pulse contours 
recorded in a peripheral artery,  masure- 
mts w e r e  made a t  two a r t e r i a l  sites: 
one peripheral, the brachial, and one cent- 
r a l ,  the ascending aorta,  i n  33 subjects 
(6 of whm did not m e e t  the c r i t e r i a  for 
Groups 1-111, Table 1). Measurements w e r e  
made consecutively i n  the brachial artery 
and the aorta a t  approximately 30-second 
intervals. Mean a r t e r i a l  canpliance 
indices derived fran pressure-plse 
contours a t  the two sites =re similar, and 
the within-patient correlation cceff icients 
for arterial canpliance index derived f r m  
measurements a t  the tm a r t e r i a l  sites 
approached unity (Fig. 4 ) .  

DISCUSSION 

Aterial canpliance, l ike 
t o t a l  peripheral resistance, is an import- 
ant part of t o t a l  systemic a r t e r i a l  
impdance (19,20). The measurement of 
a r t e r i a l  ccmpliance in  cardiovasmlar 
diseases, however, has received less 
attention than peripheral resistance, 
probably as  a consequence of the lack of 
an available technique for direct ly  
measuring compliance in  man, rather than 
any lack of interest .  The index of 
a r t e r i a l  ampliance used most carnnonly is 
an indirect one, not based direct ly  on 
a r t e r i a l  pressure-volume re l a t ionsh ip ,  
nmely a r te r ia l  volume dis tensibi l i ty  
calculated fran the a r t e r i a l  pulse wave 
(conduction) velocity (5,8). Most previous 
reports of arterial canpliance measurements 
in man of necessity have k e n  in  v i t ro  

studies on arteries r m v e d  fran cadavers 
(1,2). 

In the present method a r t e r i a l  
cmpliance was calculated from a r t e r i a l  
pressure-pulsc contours and haemodynh c 
measuremmts. me estimation of ccranpliancc 
is based on the relationship of tl:e chanqe 
i n  systemic arterial VOPJIE duriny a 
selected interval of the diastol ic  runoff 
pid, t o  the f a l l  i n  pressure that  t h i s  
chanqe in  volume prduces.  
mthd is a direct  expression of a r t e r i a l  
pressure-volume relat.ionships , it carr ies  
p t e n t i a l  advantages Over indirect estima- 
tes of a r t e r i a l  ccmpliance, such as those 
based on pulse wave velocity measurgnents 
(5,8). 
what is calculated here is  an overall  
compliance figure, representing a weiqhtd 
mean of the differing compliances, of the 
systemic a r te r ies  in  different parts of 
the a r t e r i a l  system. 

Since th i s  

It should ke anphasised that  

In the present study, an 
effect  of blocd pressure and of age on 
systanic a r te r ia l  canpliance was demonst- 
rated. This findinq is  in  a g r e m n t  
w i t h  previous i n  v i t ro  studies ( 1 , 2 ) .  
Concordance w i t h  the findinqs of these 
studies, i n  which a r t e r i a l  ccmpliance w a s  
measurcd direct ly  in  vi t ro ,  provides 
support for the usefulness of the present 
mthod for i n  v i m  evaluation of systemic 
a r t e r i a l  cmpliance in  m a n .  Hmever, it 
should be stressed that  the accuracy of 
the method presmted here for the estima- 
t ion of overall systemic a r t e r i a l  ccanplia- 
nce is dependent on the acceptability of 
two assmptions made t.0 fac i l i t a t e  the 
calculation of change i n  a r t e r i a l  volume. 
F i r s t ,  tha t  resistance t o  f law out of the 
central  a r t e r i a l  system, v a s m t o r  resis- 
tance (13) ,  is constant iibav-e a pressure 
of 20 m Hg (16,17) and second, that  the 
pressures used durinq diastol ic  runoff 
are the same throuqhout the central  
a r t e r i a l  systen. 
l inear pressure-flow relationship seems 
reasonable since th i s  is the same 
assunption used i n  the routine calculation 
of t o t a l  peripheral resistance. The second 
part  of assumption one, that  of zero flow 
k l m  20 mn Hg ,  is perhaps more contentious 
The work of Whittaker and Winton (16) 
and Girling (17) appears t o  demonstrate an 
approximately linear relation of flcw t o  
pressure in  mmal ian  s y s t m ,  except a t  
very l m  perfusing pressures, such as bel- 
cw 20 m Hg. However, there is sane 
dispute on this question of the l inear i ty  
of the pressure-flow relationship. Green 

The assumption of a 
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et al .  described the variat ion of flm with 
pressure as being an approxirnat-ely ap~- 
a t i a l  ra ther  than linear function (21) I 
we have adopt& the most generally held 
vim, that of a l inear pressure-flow 
relat ionship above 20 mm Hg  , ir,  canpit j nq 
AT.? frm the a r t e r i a l  pressure-pike 
contours. The 20 mn Hg value i s  smewhat 
arbi t rary,  but approximates t h e  p r n s u r c  
a t  ~ i c h  flow i s  zero !16,17) and has beon 

(22,23,24). 
most often by workers ili this  area 

In the  present study 
systenic a r t e r i a l  compliance proved t o  k 
related t o  the l eve l  of the blood pressure. 
*is relationship was of tvm tl'pes: a 
reduction i n  ccmpliance i n  pat ients  with 
essential hyprtension,  and spntaneoas 
c h w e s  i n  canpliance r w i t h  respert to  
var ia t ion i n  blccd pressure. 
i n  arterial compliance with spntaneoiis 
changes i n  blocd press'ire presumably 
r e f l ec t s  the nonlinear viscoelast ic  
behaviour of arterial w a l l s  as they are 
distended. With small spontaneous rises 
in b l d  pressure, i n  the sawwhat more 
distend& arterial tree, the  canpliance 
was  lma-; conversely, with mall 
decreases in pressure, ccnplknce rose. 

This change 

In the  hypr t ens ive  
pat ients ,  arterial canpliance index was 
clear ly  below normal. T'he presence of 
diminished systemic arterial canpliance it-, 
hypertension could be an expression of 
this phenmnon of redaced d i s t e n s i b i l i t y  
of the a r t e r i a l  tree a t  higher distendinq 
pressures and larger  a r t e r i a l  v o l m s .  
An additional rtlechanisn, h m v w - ,  may k 
operating. In establish& hypertension 
s t ruc tu ra l  changes develop i n  the  arterial 
w a l l .  (1,111. The subnormal compli.ance 
hdex i n  hyprtension may be part ly  a 
consequence of these s t r u c t u r a l  chanqes. 

Diminished arterial 
compliance i n  hqvrtension may possibly 
have h p r t a n t  pathophysiolcgicdl 
consequences. One example may be the 
subnormal arterial baroreflex sensit.iviP>. 
noted in essen t i a l  hypertension (25-2?). 
NS may w e l l  be semndary t o  reciucd 
d i s t e n s i b i l i t y  of ttie a r t e r i a l  w a l l  a t  the 
site Of the  carot id  and aortic a r t e r i a l  
k a r e c e p t o r s .  Such a re la t ionship between 
d-reascri arterial canpliance index i n  
e s sen t i a l  hyprtension and reduced 
baOreflex sens i t i v i ty  has recently been 
reported ( 1 2 ) .  

ccmpliance with aging has k e n  reparted 
here and by others (I ,2 ,6 ! .  in 
hypertoaxion, t h i s  loss oE a r t e r i a l  disten- 
s h i l i t y  with age probabl-y is pa r t ly  b z e 5  
on stnicturaL chanqes i n  the arterial 
wall ! l , l l ) .  This rcriuntion of a r t e r i a l  
cmpliance with aqe may well have 
pathophys i o l t q i c a l  c o n s q e n c e s  . Systol ic  
h p r t m s i o n  in the  eidcrly is widely 
reyardec! t o  k arr expression of reduce3 
arterial cmpliance semndary tc a the rmr l  - 
emsis an6 alsn nonatiherosclercrtic aqing 
of the a r t m i a l  wall ( 3 , l l ) .  

Of imprtance,  i n  terms of 
the psslhle c l in i ca l  u t i l i z a t i o n  of 
wasurement of arterial m p l i a n c e ,  is the 
finding t h a t  estimates of arterial 
ccmpliarce, as derived frcm tke pressure- 
pilse contour of a p r i p h e r a l  artery 
such as the brachial  in +Ae antecubitdl  
area, agree closely with values obtained 
with the catheter t i p  i n  the a send inq  
aorta.  The r e l a t ive  simplicity of 
p e r c u t a m u s  brachial ar tery puncture 
muld s i i p p r t  the brachial a r t e ry  as the 
site of choice fo r  determininq arterial 
canpliance i f  t h i s  m e a s u r e  is f m d  to be 
c l i n i c a l l y  useful.  Differences between 
cent id  and peripheral wave forms w e r e  
noted, but  these inv~ lved  only the d i c r o t i c  
wave and sys to l i c  portion of the pressure- 
pulse amtour .  This findinq has a l s o  k e n  
reported by O'Fourke (18).  Since we 
c a l c u l a t d  arterial cunpliance fran the 
d i a s t o l i c  portion of the curve, d i s t a l  t o  
the d i c r o t i c  wave, interference from such 
factors  as ref lected waves had no 
appreciable effect on +his portion of the  
a o r t i c  and brachj~al pressure-pulse contour. 

W e  have deve lop3  a method 
of estimating overal l  a r t e r i a l  m p l i a n c e ,  
t h i s  representing a wei-ghtd man of the 
differeiny cql iances  i.n the  a r t e r i e s  
thrmghout the arterial system. 
the masmenent  i s  a value of physiological 
siqnificayce bwause it is a measure of 
one compnent of the vnpedance against  
which the left  ventr ic le  must work (19 ,20) .  
Althaugh arterial compliance is  a function- 
ally important ccmpnpnt of systemic 
a r t e r i a l  impedance, its systematic study 
in human disease has k e n  s m w h a t  
n q l e c t d  because of lack of su i t ab le  
methods. 
technique for cvaluatiny overal l  systanic  
arterial canpliance index  w i l l  prove usefiil 
in evaluating the overall s t a t u s  of the 
cardiovasailar system. 

As such, 

It is hopxi +hat the described 

A reduction i n  a r t e r i a l  



APPENDTX 

The formal d e r i v a t i o n  of t h e  equat ion f o r  c a l c u l a t i o n  of a r t e r i a l  compliance index 

(1) 
1 Fo ( t j  = - ( P ( t ) - 2 0 )  sr 

F o ( t )  = flow out  of a r t e r i a l  system (ml/sec) 

? ( t : )  = pressure  (mm H q j  

= t o t a l  p e r i p h e r a l  vasomotor r e s i s t a n c e  (mm Hg/inl/sec) 

To f i n d  t h e  va lue  of t h e  d a t a  may be averaged over s e v e r a l  c y c l e s  ( t ime)  (0 ,  TI )  : 

However: 

0 ' ' .Fo(t) d t  

1 

T 

= average flow out of a r t e r i a l  systeni o r  c a r d i a c  output  (CO) 
T 

And : 

T ' ' P ( t )  d t  
= averaqe (mean) blood p r e s s u r e  (MBP) 

0 

Therefore  : 

O r  : 
MBP-2 0 R = -  

V CQ ( 4 )  

For any def ined volume ( i n  t h i s  c a s e ,  the c e n t r a l  a r t e r i a l  system) conserva t ion  of 
m a s s  r e q u i r e s  t h a t  t h e  r a t e  of chanqe of t h e  volume i s  equal  t o  t h e  sum of a l l  flows 
i n t o  t h e  volume (F.) l e s s  t h e  sum of a l l  flows o u t  of t h e  volume f o r  incompressible  
f l u i d  . 

Durinq d i a s t o l e  t h e r e  i s  no f low i n t o  t h e  system and t h e r e f o r e :  

F.= 0 (6) 

A l s o ,  f o r  s u b j e c t s  wi th  competent aor t - ic  val.ves and no ext-racardiac shunts  t h e  only 
flow o u t  of t h e  system i s  t h a t  flow t o  t h e  c a p i l l a r y  bed and t h e r e f o r e ,  from 
eqxat ions  ( l j ,  ( 5 )  and ( 6 )  : 

Compliance i s  a measure of change i n  volume i n  t h e  a r t e r i a l  system per  u n i t  change 
i n  pressure ,  

CV c = -  
AP 

Over any i n t e r v a l  of t i m e  t l  t o  t2, dur ing  d i a s t o l e  w e  may c a l c u l a t e  t h e  change i n  
volume i n  t h e  c e n t r a l  a r t e r i a l  system by i n t e y r a t i n g  equat ion ( 7 ) :  

(9) 
.t 1 

&'lV -= ti 2 d v ( t j  d t  = - - . f t2  ( P ( t ) - 2 0 )  d t  
1 d t  Rv 
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c l  b 
1 ,  ‘ 2  

TIME (seconds)  

F I G U R E  1. Pressure-pulse  contour .  The 
shaded a r e a ,  c a l c u l a t e d  by t h e  equat ion  
shown, is bounded on t h e  p r e s s u r e  a x i s  by 
a port-ion of t h e  d i a s t o l i c  pressure-pulse  
contour above (F1-P2) and by 20  mm Hg 
below (see t e x t ) .  The lower l i m i t  of t h e  
time boundary, t l l  i s  0.06-0.08 sec a f t e r  
t h e  peak of t h e  d i c r o t i c  wave and the  
upper l i m i t ,  t2, is 0.20-0.24 sec a f t e r  
tl. DN = d i c r o t i c  notch.  Lead I1 of 
an e lec t rocard iogram i s  shown below. 
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FIGURE 2 .  The c o r r e l a t i o n  of age with 
systemic a r t e r i a l  compliance index (ACI) 
(determined from t h e  ascending a o r t a )  i n  
2 1  normotensive s u b j e c t s ;  r = -0.496, 
p 0.05. The r e g r e s s i o n  equat ion ,  A C I  = 
1.195 - 0.009 ( a g e ) ,  descr ibes  t h e  l i n e a r  
r e l a t i o n s h i p  of age and A C I  

FIGURE 4. 
Systemic a r t e r i a l  compliance index as 
determined from t h e  ascending a o r t a  and 
b r a c h i a l  a r t e r y  i n  r e l a t i o n s h i p  t o  t h e  
l i n e  of i d e n t i t y .  

, 
\ 
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- 

E l G U R E  3 .  The r e  la t ior i sh ip  between mean 
a r t e r i a l  compliance index ( A C I )  arid blood 
pressure  ideteimined frorr, t h e  ascending 
a o r t a )  i n  age-matched normotensive (c ; los td  
c i r c l e s )  and hyper tens ive  (c losed  t r i a n f j -  
l es )  s u b j e c t s ,  i s  i n d i c a t e d  by t h e  
c u r v i l i n e a r  i n t e r r u p t e d  l i n e .  This 
quadra t ic  equa t ion  is, A C I  = 4.0045 - 
5.3244 x 10 -2 RF + i .Yso7 x 10-4 B P ~  
( R ~  = (3.73, p 0.001). ~ r - r o w s  r e p r e s e n t  
ins tan taneous  v a r i a t i o n s  i n  compliance, 
dv/dP, with blood p r e s s u r e  i n  each 
normotensive arid hyper tens ive  s u b j e c t .  

Y 

i 
{ 
5 

4 
,w 
a 
n 

ARTERvAL COMPLIANCE INDEX Imi/mmHg/m2i 

A ! X a  



LJK. O'M3U+W: ?'here art. .same ot i le i  measure- 
r e n t s  of 'irti-rial compli , irce which a r ~  w e l l  
e s t a b l i s h e d ,  such as  measui-ements o f  P J l s e -  
wave v e l o c i t y .  I drmilc i -  i f  you have tidd 
t h e  oppor r d i i i r y  t n n r a s u ~  c pulse-wave 
v e l o c i t y ,  t3 con,l,dic it w i t h  your index  of 
comyiiiance arid t o  c o r r e l a t e  i t  w i t h  some 
of t h e s e  o t h e r  f a c t o r s  Chdc yo11 have 
c o r r e l a t e d  w i t h  yiir  own cumpl ianat.  net-hod. 

DR. RANDilLL: I t h i n k  t h a t ' s  im_uortant .  
I t  hds LO be compdred wi th  some o t h e r  s t a i d -  
ard method. W e  t h i n k  this i s  more r e l i & i e  
t h a n  p,iIse-wauc v e l o c i t y .  we h a v e  riot cior~e 

e r i u m b e r  of L 'a t icnts ,  nLt  we have a t  
me of c a r d i a c  c a t h e t e r i s a t i o r ,  pl aced 

a c a t h e t e r  i n  t h e  of tht aorta arid 
p u l l e d  5 t .  b i c k  t o  g e t  d i5Lanc~  and t h e n  
c a l c u l a r e d  I>ulse-wzve v e l o c i t y .  There 2 s 
a w c a k  c o r r e l a t i o n  i n  r l int  p a t i e n t s  w i t n  
d s i y n i f i c a n z e  of J u s t  ovi?r (J.05. We a!-e 
a t  p r e s e n t  c o n t i n u i n j  t o  a k m i i t  twer iLy-f ivc  
or more Fat. ieri ts  t o  conf i rm L I I ~ S .  

DR. WIKSTRAND: 1 wonder i t  you h i v e  a p p l i e d  
m y  c o r r e c t i o n  f o r  i n i t i a l  volume'? YOU 

m u s t  nave bo th  volxne and wall s t i f f n e s s  
h e r e  and w i t h  t h e  Doppler method n f  O ' R o u r k  
for  i n s t a n c e ,  i t  shoL1Ir-l be g o s s i b l c  to 
apply a corrc-tiori. 

DR. RANDALL: Not to c o r r e c t  f o r  t h e  i n i t i h l  
volume, I g u e s s  t h a t ' s  the  d i f f e r e n c e  i n  
a b s o l u t e  and s p e c i f i c  compliance;  we are  
just l ook ing  a t  what happens to t.iie pr-essiire 
for d q i v i n  clianqe i n  vi:lime for whdLcver 
volumc i s  i n  t h d t  sys~em. T h e  only a t t e i ap t  
t o  c o r r e c t  t o r  i n i t i a l  volume w e  have used 
is body s u r f a c e  area t o  correct t h e  d i f f e r -  
ences  i n  t h ~  Lotd l  body s i z c .  But w e  have 
n o t  donc aiiythinrj  t o  l ook  a t  V, i n  t h e  
c a l c u l d c i o n  of  compl i ance .  

-_ 

LIR. CXM: Ttie weak c o r r e l a t i o n  yoic jbst 
showed between pil ist-wave ve loc i  t y  arid 
t h e  pirametcr  you'ri measuring i s  s u r p r i s i r g  
c o n s i d e r i n g  t h a t  e s t a b l i s h e d  s t u d i e s  have 
shown t h a t  t h e  r e l a t i o n s h i p  between w a v s  
v e l o c i t y  and a r t e r i a l  e l a s t i c i t y  and 
t h e r e f o r e  compliarlce is  r a t h e r  qood. 

DR. RANIjALL: Y e s ,  t h a t  d o e s n ' t  b o t h e r  me 
much, i n  t h a t  t h e  p a c i e n t s  t h d t  w e  have 
s t u d i e d  so f a r  all were withjn a r e l a t i v e l y  
narrow age r anye  dnd b lood  p r e s s u r e  rdnqe.  
When w e  g e t  p a t i e n t s  of aqe s a y  2 0  t o  89 
years, o r  p a t i e n t s  w i t h  wide ranrjes i n  
blood p r e s s u r e ,  1 t h i n k  w e  w i l l  s e e  t l ie  
c o r r e l a t i o n .  I i u t  1 am s u r p r i s e d  that  w e  
almost have 11. jusL i i s inq  p a t i e n t s  betweell 

40 arld 55 y e a r s  of  aye, where t n e  ~ ) ~ l l s e - , w a ~  
v ~ : l o i ; i t y  when y o u  r e a l l y  l o c k  a t  t h o s e  
studies, ~c1s alrrrost t h e  same i n  a l l  p a t i e n t s  
u i i t i l  you (jet u y ~  t o  a f a i r l y  o l d  age  and 
i r !  all of  t h e  s t u d i e s  t.hey showetl qood 
z o r r e l a t i o n .  There aLe 6 0 ,  7 0  and 80 year 
o l d  p a t i e n t s  i n  t h e r e  aiid I d o n ' t  Know 
whether  t h e y  r e a l l y  hdd s t i f f  v e s s e l s .  

UR. HUNYOK: Can I dsk whether  f reqi iency 
r e s p o n s e  of t h e  p r e s s u r e  r e (~ :n r i l i n+  device ,  
;:atlieter d e l a y  e t c : .  cirt rr:evdrit f o r  your 
t y p e  of medsureinent and p a r t i c u l a r l y  d i d  
YOL t a k e  t n e s e  f ac to r - s  i n t o  a 
you w e r e  meas.ir-inq t h c  v e l o c i  
L h < i L  Or. O'Ri?urke r 

DR. WINDAIL,: I would t h i n k  t h a t  i s  
i m p o r t a n t .  i.je had a Rio-Englr:eer whc, w a s  
one CJT t h e  worke1- s  i n  [ h i s  ar.e. W e  uscd 
f l u i d  f i l l e d  c d t h e t c r s  arid w c  have p l a n s  
r m w  LO .is<. p r e s s u r e  t i p  t r a n s d u c e r s  t o  
look a t  t h i s .  I t h i n k  it- would make a 
d i f f e r e n c e .  1 doii ' t .  t h i n k  i t  would chanye 
t h e  o v e r a l l  f i n d i n q s  of diirerences i n  
qroups of pdi  i . - n t s ,  h y p e r t e n s i v e  v e r s u s  
i i ~ r m ~ ~ t c n s i v t  . 

UII. BEOD: U r .  Randd l l ,  I t h i n k  it w a s  a 
v e r y  n i c e  p r e s e n t a t i o n ,  hi i t  why w a s  t.hc 
l a s t .  pat- icnt  you slir!wed u s  i n  tlle I n t e n s i v e  
&we U n i t  wi ~ 1 1  a blood ixes su re  of 195/9oInm 
and w11y d i d  you t reat  him wit.11 n i t r o p r u s s i -  
(Ie? 

DR. RANDALL: T h i s  p a t i e n t  was a 05 ycar  
o l d  l a d y  who pr-esente(i t o  t h e  Coronary 
C:ar~s Cni! w i t h  a c u t e  myoczardial i n f a r c t i o n ,  
arid w e  thouqjht she had a phaeochromocytoma. 
Her d i a s t o l i c  p r + s s u r e  was q o i r ~ y  from 130 
t o  aroiind 220 a r d  at  the tirnc of &mission 
s h e  lidd d d i a s t o l i c  b lood  p r e s s u r e  o f  1 5 0 .  
W e  c o u l d  n o t  c o n t r o l  i t  other-  t h a n  wit.h 
n i t r o p r u s s i d e  and w e  piit t h v  c a i - h e t e r s  in. 

DK. O'FOURKE: 1 am s t i l l  p r e t t y  wor r i ed  
abou t  t h i s ,  bccdusc i t  i s  based  on t h i s  
assumption of a c o n t i n u o u s  f a l l  of  p r e s s u r e  
i n  t h e  aorta where y o i ~  were measuring it. 
Under some c i r c u m s t a n c e s  you can have t h e  
p r e s s u r e  act:ral i y  L i s i n r j  d u r i n g  d i a s c o l e  t o  
a secvnd seak and even on t h e  f i r s t  s l i d e  
i n  which you showed wher-e you were t a k i n q  
t h e  measurement,  you a r e  obvious1 y p a r t  t h e  
way up a d i a s t o l i c  wave. I r h i n k  i n  people 
wi th  h y p e r t e n s i o n  where you have an  a lmos t  
e x p o n e n t i a l  f a l l - o f  and you d o n ' t  have any 
o s c i l l a t i o n s  i n  t h e  a r - t e r i a l  sys t em,  t h i s  
type of t h i n g  i s  p r o b a b l y  p r e t t y  r easonab le ,  
h u t  under  c i r cums tances  where t h e r e  a r e  

_____ 
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prominen t  d i a s t o l i c  waves, I t h i n k  i t  
becomes a l i t i l c  b i t  wor ry ing  from a b a s i c  
t h e o r e t i c a l  p o i n t  of vicw. 

DR. WNDALL: I t h i n k  t h a t ' s  i m p o r t a n t  b u t  
I d o n ' t  t h i n k  i t ' s  a lways t ne  case; t h a t  
f i r s t  s l i d e  w x  t h e  f i r s t  one I made when 
I f i r s t  s t u d i e d  t h i s  a b o u t  two y e a r s  aqo. 
N o w  w e  a lways move a f a i r  d i s t a n c e  o f f  t h c  
d i c r o t i c  wave. I t h i n k  thdt i t  you u s e  
a s m d l l  segment in t he  midd le  of  t h e  
c o n t o u r  t h a t  you avo id  m o s t  of  t h e  
d i c r o t i c  wave. Even i f  you d o n ' t ,  I wondir 
whether  t h a t  i n c r e a s e  I n  a r e a  i s  a r e f l e c -  
t i o n  of  what i s  going on w i t h  t h e  p r e s s u r e  
volume rclationship. Tha t  I d o n ' t  know, 
but w e  have sone s t u d i e s  now p lanned  wi th  
t h e  Bio-Engineers  where w e  p l a n  t o  look 
a t  some o t h e r  e v e n t s  i n  d i a s t o l e ;  where wc 
can qet  r-id of the many chdnges in e v e n t s  
i n  s y s t o l e ,  such a s  e j e c t i o n  r a t e s  and 
dp /d t .  


