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Noninvasive techniques are being increasingly 
applied in the study o f human circulation. This 
is due to the fact that direct measurements in 
the heart applied before cardiac operations are 
not without danger and can only be performed 
in well-equipped institutes, the capacity of which 
is limited even in the m ost developed countries. 
Noninvasive procedures being simple and harm­
less are  more suitable for serial investigations. 
They help in solving no t only diagnostic but 
also epidemiological and clinicopharmacologi- 
cal problems.
In th is monograph, the author shows how the 
first derivative of the carotid pulse follows posi­
tive inotropic effects. W ith this method a series 
of investigations were made in healthy subjects 
as well as in cardiac patients at rest, during 
ergometric exercise and under drug effect. The 
results help to gain deeper insight into heart 
failure, and into the pathomechanism of hyper­
tension and essential hyperkinetic heart syn­
drome. The method m ay also be applied for 
clinicopharmacological investigations. 
Computer analysis was applied to evaluate the 
large number of data and  to clarify the relations 
between the changes in parameters. Programs 
have been devised that are suitable for differen­
tiating between the reactions of healthy subjects 
and those of cardiac patients thus creating the 
basis for a mathematical diagnosis.
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INTRODUCTION

The results p resented here are of our own investigations w ith  no a ttem p t 
having been m ade to  provide a com plete review and evaluation  of all non- 
invasive techniques in  the study  o f hum an  circulation.

Originally, our aim  was to  develop a m ethod for s tudy ing  the  hum an 
circulation in a sim ple and  objective w ay; a m ethod which h ad  to  be suitable 
for investigating large num bers o f h ea lth y  individuals as well as cardiac 
patien ts , afte r physical effort and  th erap eu tic  in tervention . In  order to  
achieve our objective a complex investigato ry  scheme was w orked ou t 
which uses noninvasive m ethods. This scheme is most su itab le  for th e  assess­
m ent of those factors which acutely  affect th e  function of th e  left ventricle 
and  th e  system ic circulation. The use o f our m ethod enables conclusions to  be 
draw n afte r a careful consideration o f num erous factors though the tech ­
nique is no t in tended  to  m easure every  single factor likely to  affect th e  circu­
lation. The em phasis has been, as obviously i t  should be in all hum an investi­
gations, on m ethods which do no t p roduce deleterious effects in the  patien t.

The direct m easurem ents of flows an d  pressure grad ien ts in the, heart 
and  g reat cardiac vessels are now rou tine . Blood samples m ay be tak en  from  
various p a rts  of th e  circulatory system  for analysis and  the  circulatory  d y ­
nam ics and  anatom ical characteristics of h ea rt cham bers can also be easily 
dem onstrated . These factors are of considerable help in cardiac surgery, th e  
practice of which is becoming increasingly successful in th a t  such techniques 
can be applied to  accurate ly  establish th e  diagnosis and to  m onitor the  effects 
of the operation.

However, these m ethods can only  ra re ly  characterize sim ultaneously  
the  whole circulatory  dynam ics even though  they  undoubted ly  yield more 
accurate results th a n  those achieved b y  bloodless, noninvasive techniques. 
F u rtherm ore th e ir use is lim ited to  ind iv idual cases and  th ey  are unsuitable 
for large-scale investigations. In  th is  respect, therefore, noninvasive m ethods 
are of g reat value (Snellen 1972).

Pressure pulses generated  by th e  h ea rt, particu larly  th e  rad ia l pulse, 
have been the  subject of s tudy  for hundreds of years. In  ancien t tim es doc-
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to rs  had  to  rely  on th e ir  very  refined tac tile  sense. F rom  the  feel of the  pulse 
as well as from  th e  appreciation o f o ther physiological phenom ena th ey  
were able to  draw  im p o rtan t conclusions.

In  the tex tbook  of medicine w ritten  by  Ti N ei Ching Su Wen, a Chinese 
physician who lived  2500 years ago, all the  pulse characteristics are described 
in  detail. M arey’s w ork (1855) led to  th e  more scientific observation of pu l­
sations when it  becam e possible to  record  the  m ovem ents graphically. 
M arey, quoted b y  L uisada (1953), w rote: “ Science m eets w ith  two obstacles, 
th e  deficiency o f our senses to  discover th e  facts an d  th e  insufficiency of 
our language to  describe them . The ob ject of th e  graphic m ethods is to  get 
a round  these tw o obstacles: to  grasp th e  fine details, w hich would be o th er­
wise unobserved; an d  to  transcribe th em  w ith  a  clarity  superior to  th a t  of 
our words.”

The graphic recording of cardiac and  arte ria l pulsations opened up  new 
v istas in the  developm ent o f cardiology becoming th e  m ost im p o rtan t 
fac to r in cardiological diagnosis in  th e  second half of th e  19th century  un til 
th e  advent of electrocardiography. The developm ent of ECG greatly  en ­
hanced the m echanical recording of pulse contour. The sim ultaneous record­
ing of the m echanical and the electrical events of the cardiac cycle enabled 
th e  in te rp re ta tio n  an d  tim ing of th e  m echanical recordings to  be perform ed 
m uch more accurate ly .

A fresh im petus was given to  card iography -  recording the  m ovem ents of 
th e  h e a r t—w hich had  already been em ployed by  M arey (1855, L uisada 
1953, 1959, B enchim ol e t al. 1960, 1961, 1963, T afur e t al. 1964, Bodor and 
K unos 1966, Bodrogi 1966, D enef e t  al. 1973), to  k inetocardiography (Eddle- 
m ann 1963), accelerography (Rosa 1947, 1950), to  v ibrocardiography 
(Aggress and  W egner 1962), electrokym ography (H enny and  Boone 1945), 
radarkym ography  (Simon e t al. 1967, Cohen e t al. 1968), and  to  ballisto ­
cardiography (Dock e t al. 1953, S ta rr  1955, 1958, Bodrogi 1956, G ábor and  
Forgács 1958, 1960, Mihóczy 1964).

The na tu re  o f alm ost every ty p e  o f pulsation has been investigated  using 
th e  graphic m eth o d  perm itting  L u isada to  w rite th a t  “No m anifestation 
o f cardiac ac tion  has escaped graphic s tu d y ” .

Recordings m ade a t  different po in ts of th e  vascular system  showed th e  
transm ission o f iden tical waves, th e reb y  clearly ind icating  the tim e needed 
by  the pulse w ave to  trave l betw een th e  tw o points o f observation. I t  also 
became clear th a t  th e  pulse w aves of th e  g reat vessels such as the  caro tid  
an d  subclavian arteries lying near th e  h ea rt were very  similar in  form , 
whereas recordings tak en  a t  th e  periphery  essentially  resem bled the  d irec t 
in tra-a rteria l recordings of the  corresponding vascular bed. A great deal of
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knowledge was gained  abou t the  vascular p a tte rn s  ob ta ined  in sickness 
and  in health. F u ll atlases have been published depicting such patterns.

M any investigators have studied ex ternal carotid  pulse recordings. The 
in itia l descriptions were given by E dgren (1889), H u erth le  (1893) and  
M acKenzie (1902). In  healthy  individuals th ree principal waves can be 
identified. The pulse trac ing  s ta rts  w ith a sharp  grad ien t a fte r the opening 
of th e  sem ilunar valve when the  first wave, th e  percussion wave, appears. 
Then comes the  second, th e  tidal wave, the  final one being th e  dicrotic wave 
which follows the  incisura (Luisada 1953, G aderm ann an d  Jungm ann  1964, 
M eyer-Heine et al. 1966, Bodrogi 1966a, b).

The carotid  pulse wave is also known as the  cen tral pulse curve because 
of its p roxim ity  to  th e  heart. The influence of the peripheral vascular system  
is relatively  less m ark ed  on th is curve th a n  on those recordings taken  a t  a 
g reater distance from  th e  heart.

C ertain points o f th e  pulse wave are indicators of th e  different phases of 
the  h ea rt beat. The sudden  rise a t the  beginning of the  caro tid  pulse tracing  
coincides w ith the  beginning of the ejection phase, th e  incisura w ith th a t  
of the  closure of the  sem ilunar valve, and  the  aortic  com ponent of the second 
h ea rt sound (disregarding the  delay which is constan t in th e  sam e individual 
and  it  is in the  order of one hundred th  of a second, th is  is the  travelling 
tim e of the  pulse w ave from  the aortic valve to  the po in t of recording in 
the  carotids). Thus th e  cen tral pressure tracing  is often used as a ‘reference 
curve’. I t  is, m oreover, also used for determ ining various phases of the  ca r­
diac cycle in hea lthy  individuals and in p atien ts  suffering from  some com ­
p lain t or other.

W ith  th e  above facto rs in mind, we selected the  carotid  pulse wave analysis 
to  be the  main fea tu re  for our own noninvasive investigato ry  techniques. 
In  addition, we m on ito r cardiac frequency and  blood pressure. In  acute in ­
vestigations it has been  possible to  make continuous recordings of the carotid  
pulse wave, and  th is  has proved to  be extrem ely  useful allowing an analysis 
of th e  effects of rap id  h ea rt rates on haem odynam ic functions. We have 
in troduced  as new an d  re levan t param eters the  first and  second derivatives 
of th e  carotid  pressure pulse (C): the  form er being dCjdt, th e  la tte r  dH'jdt2. 
The derivatives denote th e  speed of change in pressure, and  as we have la te r 
dem onstrated , the  heigh t of the peaks parallels the  m axim al con tractility  
of the  m yocardium . T his m ay be regarded as one of the  m ain indicators of 
the cardiac function. P rev iously , a  reliable noninvasive technique was no t 
available for m easuring th is  function.

C hapter 1 deals w ith  th e  first derivative of th e  caro tid  pressure curve 
and dem onstrates its application in studying the  p a tte rn  of the  carotid
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pulse wave and  in m easuring th e  d u ra tio n  of the  ind iv idual phases. The 
use of the  second deriva tive  of th e  caro tid  pressure tracing  is also 
dem onstrated .

In  C hapter 2 we p resen t our resu lts, based on cardiac catheterization  in 
anim als as well as in  hum ans, on th e  use of the  pulse height (max dC/dt) 
as an  index of left ven tricu la r con tractility . Following positive inotropic 
stim uli the  peaks were higher and  th e  ac tua l change was proportional to  
th e  m agnitude of th e  stim ulus. Correspondingly, w ith  negative inotropic 
in terventions, th e  m axim um  peaks were lower.

The analysis of th e  am plitude of th e  changes in the  first h ea rt sound was 
p articu la rly  helpful; details are given in  C hapter 3.

A fter having e labo rated  th e  basic principles, p ractical uses of th e  tech ­
nique are described in  C hapters 4 an d  5. One area of application  is th a t  of 
clinical medicine an d  we have carried  o u t experim ents in patien ts w ith 
congestive cardiac failure, in various stages of hypertension and  in essential 
hyperkinetic heart syndrom e.

The other field is clinical pharm acology in which noninvasive techniques 
have im portan t applications. H ere th e  quantification of th e  effects of drugs 
w ith  positive and  negative inotropic action , and  the assessm ent of sensitiv ity  
o f p a tien ts  to  noradrenaline and  isoprenaline are of param ount im portance.

C hapters 6 to  9 ou tline the analysis of our d a ta  by com puter. C om puteriza­
tio n  has greatly  fac ilita ted  th e  in te rp re ta tio n  of our results. Our p rim ary  aim 
was to  find th e  m ain  differences betw een healthy  individuals and  cardiac 
p a tien ts . We feel th a t  our investigations have brough t us nearer to  the 
objective evaluation  of the s ta te  o f hum an circulation by noninvasive 
techniques.

In  the  last C hap ter we have d ea lt w ith  the lim itations of our m ethods 
an d  have presented our plans for th e  continuation of our work.

I t  is felt th a t  our ta sk  is by  no m eans complete, even so a g reat deal of 
help and  cooperation has been needed to  reach the presen t stage.

The initial phase o f the  investigation was s ta rted  a t  th e  2nd D epartm en t 
o f Medicine, Semmelweis Medical U niversity , B udapest, from  1964 to  1966 
a f te r  which it was continued in th e  N ational In s titu te  of Cardiology until 
1967. The work has been continued  since then  a t th e  Bajcsy-Zsilinszky 
H ospital, B udapest.

I t  is fitting to  acknowledge th e  benevolence of the  la te  Professor Gömöri, 
for having allowed us to  commence o u r tria ls w ith w hat was then  a very  new 
technique. We express our g ra titu d e  to  Professor Gy. G ábor, D irector of the 
N ational In s titu te  of Cardiology, who a t  the  initial stage as H ead  of the 
Cardiology Division, 2nd D ep artm en t of Medicine, took  an  active p a r t  in
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th e  form  of his guidance, advice and  criticism  in alm ost every  phase of our 
w ork.

W e are indebted  to  Prof. I. Fenyő of the  M athem atics D ep artm en t o f th e  
F acu lty  of E lectrical Engineering, Technical U niversity , B udapest, who 
from  th e  outset, and  during the en tire  period of investigation, assisted w ith  
th e  m athem atical and  physical aspects of th e  research. H is associate, 
L . B ánsági, constructed  the  first derivational electronic circuit for ad ap ­
ta tio n  to  our apparatus.

T he Principal Official of Medicor W orks, L. Szabó, is th an k ed  for his tech ­
nical help.

T he complex na tu re  of our research scheme necessitated  the  form ation  
o f w orking team s of distinguished experts to  deal w ith specific aspects of 
th e  problem .

We are grateful to  Prof. L. H ársing, Associate Prof. T. Rom oda, Senior 
L ec tu re r Gy. Somogyi, H ead  of Section M. Békés, R esearch W orker E sz ter 
T örök, U niversity  L ecturers É v a  K iss and  B. Kenéz, Chief P hysician  
K . K om or, and  to  our colleagues working w ith  us a t  present, M. Szirtes, 
Zs. H erpai, J .  Décsy, I. Vass, F . Szász, and  J . Arnold.

T he com puter work was perform ed under the  direction of the P rincipal 
R esearch  Officer of th e  H ungarian  A cadem y of Sciences, J .  F ischer of th e  
C om puter and  A utom ation In s titu te  of the  H ungarian  A cadem y of Sciences. 
W e express our th an k s to  Z. M arkovics and  Mrs. G. Jancsó, whose help in 
m athem atica l analyses was highly valuable.

F inally , D irector and  Physician-in-C hief Gy. Bodrogi an d  Prof. T. F rey  
are th an k ed  for th e ir helpful recom m endations and  advice a t  the  review 
stage o f this book.
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CHAPTER 1

THE FIRST DERIVATIVE OF THE EXTERNAL 
CAROTID TRACING

W HAT IS  A D E R IV A T IV E ?

The derivative in m athem atics is an  elem entary  concept. Since th is s tu d y  
has been w ritten  for m edically qualified doctors it is necessary to  give a 
sh o rt explanation.

The laws of th e  ra te  of change in m athem atics are described as functions. 
This m eans th a t  the  independent variable (я) determ ines the  ra te  of change 
of th e  dependent variable (y), i.e. у =  f(x). Geometrically, the  x, у  coordinate 
system  gives the  curve of the  function (Figs 1, 2). I t  also has a m eaning in 
physics. Very often  the  independent variable is the  tim e (?) and  in the  m a­
jo rity  of cases the  m otion (S) is th e  dependent variable, S  — f(t) (Fig. 3). 
The function  is composed of an  infinite num ber of points and  th e  connection 
of these points w ith an  unbroken line m ay produce the  whole function  w ith  
the necessary accuracy. I f  on th e  function curve у =  f(x) we m ark  tw o 
poin ts o f which the  coordinates are a, f(a) and x, f(x) (Fig. 1), th e  s tra ig h t 
line w hich connects the  two points forms an  angle a  w ith  the  x  axis and  
the tan g en t o f th is angle, in o ther words its slope, is

f(x) -  f(a) 
x  — a

This q u an tity  can also be described as —̂   ̂ and  its value is called differ-
Ax

F ig. 1. T he  slope o f th e  s tra ig h t line 
d raw n  over tw o  p o in ts  o f th e  fu n c tio n

у  =  f(x), an d  ----- is th e  differ-
CC d

ence q u o tien t

Fig. 2. T he slope o f th e  line d raw n  
over p o in t a is g iven by  th e  d ifferen­

d i )
tia l q u o tie n t -------

d x

2 * 19



the angle a  betw een the  x  axis and  the 
tan g en t, d raw n a t po in t a. In  th is w ay a t 
any  po in t of th e  function у  =  f(x) the  t a n ­
gent line can be constructed, and  its slope 
(tangent of th e  angle) can be described by  
a second function. This function is the 
first differential quotien t, in o ther words 
the  first derivative of the basic function 
and  its  equation  is y' =  f ( x) .  I f  th e  f(x) 
function can be constitu ted  by  elem entary 
functional operations, its differential quo­
tien t, i. e. derivative function, can also 
be ob ta ined  in a  sim ilar way. Geo­
m etrically , w ith  th e  tangen t lines draw n 
to  th e  basic curve, th e ir derivative curve 
can be constructed  in every case. There 
are some regularities, however, which help 

in constructing th e  derivative; this is shown in th e  upper p a r t  of Fig. 3, 
where S  denotes th e  m otion in the  function of tim e S  =  f(t). S tretch  
1-2 is a s tra ig h t line w ith  a constan t g rad ien t and  th e  derivative, which 
is th e  lower curve in Fig. 3, is also s tra ig h t having a constant value. 
T he slope of th e  u p p er curve is less steep  betw een points 2 and  3 and  
th e  derivative curve tu rn s  downwards. S tre tch  3-4  on the  basic curve is 
horizontal, the  deriva tive  being zero. This is a very  relevant assertion, 
nam ely the deriva tive  is zero where the  basic curve neither ascends nor 
descends. I ts  value  is constan t a t ex trem e or s ta tio n ary  points as well. 
A fter point 4, curve S  =  f(t) again tends downwards and the  derivative 

d S
curve denoted as —  becomes negative. 

dt

F ig . 3. The d iffe ren tia l q u o tie n t of 
d S

th e  m o tion  fu n c tio n  у  =  —  is the  
dt

veloc ity  func tion . T he  con tinuous 
ascendence o f s t r e tc h  1 -2  co rre­
sponds to  a  s tra ig h t line  (co n s tan t 
v a lu e ). T he d e riv a tiv e  fu n c tio n  re ­

la ted  to  s tre tc h  3—4 is zero

I t  is possible to  constitu te  the differential quotien t by a com puter w ith a 
reasonable accuracy. The functional relations which can be described by 
electrical signals form  a special group in th e  sense th a t  it is possible to  
produce the  deriva tive  of the respective function w ith  a suitable electrical 
circuit synchronously. This is dealt w ith  in the  next section.

20

ence quotient. I f  th e  d istance betw een the  tw o poin ts is of an infinitesim al 
size, i. e. it approaches zero [(ж — a) =  A x  —► 0], the  form er quotien t tends 
to  its limit, so th e  differential quo tien t of th e  basic function is being con-

df(x)
s titu ted ; m athem atica lly  it  is denoted as ------ . I t  also renders the  tan g en t of

dx



The differential quo tien t or derivative determ ines certain  m athem atical 
relations and  in geom etry it is the slope of th e  tan g en t line. I f  the  relation 
has a physical or biological meaning the  differential quotien t has the  ap p ro ­
p ria te  im plication. M ost commonly it m eans speed and  in th is  case the basic 
re lation is motion. I f  the basic relation is change of pressure its derivative 
means the ra te  of change of pressure. We ta lk  about tim e derivative if the  
ra te  of change is described in the  function of tim e and  th is is very  common 
in biological recordings. As it can be seen in th e  following the  first derivative 
of function у  =  f(x) is also a function y'  =  f(x)  and, in a sim ilar m anner 
from  th is th e  second . . . and  n th  derivative can be derived.

dryThe second derivative in  physical term s m eans velocity y" =  f"{x) =  ——.
dx2

*

I t  can be s ta ted  th a t  the  derivative of the  curve is suitable for characteriz­
ing speed.

SIM PLE ELEC TR O N IC  D ER IV A TIO N  OF T H E  P R E S S U R E  
AND PU LSE CURVES

The derivative is a  new and  useful param eter, its construction is simple 
and  can be recorded synchronously w ith th e  basic curve. M any biological 
events are suitable for being converted into electrical signals which m ay be 
stored  on m agnetic tap e  for fu rther use. The electronic derivation  of electric 
signals is a technique which has been know n for a long tim e. Reeves e t  al. 
(1960) and  Reeves and  H efner (1962) recorded the  pressure curve of the

F ig. 4. D iag ram  o f  th e  R -C  F ig . 5. R -C  electric c ircu it for
elec tric  c ircu it. R  =  resis- sym m etric  am plifier
tance : 50-70  K o h m ; C =  ca­
p ac ity : 2 -4  («F; tim e  con­

s ta n t:  100—150 m sec
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dog’s left ventricle synchronously w ith  its electrical derivative. T hey  found 
a relationship  betw een th e  peaks of th e  pressure curve an d  the  ra te  o f change 
of con tractility  in th e  left ventricle. Gleason and  B raunw ald (1962) were 
th e  first to  use th is technique in hum ans.

There are th ree  practical ways for derivation: (г) Using an analog am pli­
fier; (ii) applying th e  carrier frequency m ethod; (in) by  m eans of th e  so- 
called passive R-C (resistance-capacity) electrical circuit.

The first tw o techniques are ra th e r com plicated and  expensive. F o r our 
purpose th e  th ird  possibility  was accessible. Considering the  accuracy o f the 
basic curve, the  precision ob ta ined  by  R-C derivation  is quite satisfactory . 
I t  does no t require an  expensive an d  com plicated equipm ent. The circuit 
diagram  can be seen in Fig. 4. The h ighest frequency of the  pulse an d  pres­
sure curves to  be derived is abou t 5 Hz. To secure a  suitable signal/noice 
relationship an  R-C electrical circuit was constructed  w ith  a tim e constan t 
of 100-150 msec. The value of ‘R ’ is 50 to  70 K ohm  and  th a t  of ‘C’ 2 to  4 nF . 
The biological am plifier has been constructed  w ith b ilateral sym m etry . 
Therefore in these cases th e  circuit d iagram  shown in Fig. 5 was applied. 
The u n it used for derivation  can be seen in Fig. 6. The basic curve to  be

F ig . 6. T he u n it  app lied  for d e riv a tio n  is n o t b igger th a n  a  m a tch b o x
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F ig . 7 .(a). T he  elec trical signal o f th e  ca ro tid  tra c in g  com es to  a n  am plifier, fro m  th is  
to  th e  f irs t reco rder. F ro m  th e  scope o u tp u t th e  signal a rrives th ro u g h  th e  u n i t  for 
d e riv a tio n  to  th e  second am plifier an d  finally  to  th e  second recorder. (b) T he c ircu it 
d iag ram  used  w ith  th e  E lem a-M ingograph-61. T he  signals com ing from  th e  o u tp u t  
o f  th e  scope o f  th e  basic  in s tru m e n t a re  led  to  th e  in p u t show n a t  th e  le f t side o f  th e  
d raw ing . Sw itches 1 to  4 m ake possib le th e  tran sm iss io n  o f th e  signals to  an  am plifier 
o f  th e  E M T  731 a p p a ra tu s , an d  from  h e re  w ith  sw itches 1 a n d  2 th ro u g h  th e  R -C  
elec tric  c ircu it I  and  I I  w ith  a  p lug  in to  th e  20 m V  in p u t o f  th e  basic  in s tru m e n t.

EM T 7K: specification  o f  final am plifier
23



F ig . 8. H eilige m u ltisc r ip to r , p ap e r speed: 50 m m /sec. I n  ad d itio n  to  th e  ECG  an d  PC G  
o f  a  h ea lth y  in d iv id u a l th e  ca ro tid  tra c in g  a n d  its  firs t d e riv a tiv e  can also be  seen

2 4
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derived  (in our cases m ost frequen tly  th e  ex ternal ca ro tid  tracing  or pres­
sure curve) was recorded through  one channel of the m ultichannel appara tus 
(Fig. 7a, b). The ca ro tid  curve, in th e  m ajo rity  of cases, was tak en  w ith  a 
piezo crysta l ‘in fo rm ation’ pick-up. T he electrical o u tp u t of th e  scope of the 
sam e channel was connected w ith th e  u n it described above. The derivative 
signal ob tained  was linked w ith  an o th er channel of the  po lygraph  an d  regis­
te re d  synchronously w ith  th e  basic curve. The second deriva tive  was gained 
b y  using the  sam e principle; th e  electrical signal of the  first derivative was 
connected to  ano th er R-C electrical c ircu it and  th en  to  th e  polygraph.

This technique can be applied to  alm ost every  equipm ent used in H ungary . 
W e ourselves w orked w ith  th is techn ique on the following instrum ents: 
Heilige, Siemens, E lem a, C ardotester, Galileo. F igure 8 shows a recording 
ta k e n  w ith  a 6-channel Heilige m ultiscrip  to r. The first channel was used for 
th e  second lead of th e  ECG, th e  second for the  carotid  curve (C), th e  fifth 
for the  first derivative of the  caro tid  curve and  the fo u rth  an d  six th  channels 
for the  phonocardiogram .

F o r the  sake of com parison and  for checking our technique the  derivative 
o f th e  caro tid  curve was constructed  in a  healthy  individual, bo th  g raph i­
cally  and  electrically. The tw o deriva tives revealed g rea t sim ilarity  a t  the  
re lev an t points (Fig. 9), w ith  th e  tw o curves covering each o ther. I t  is 
beyond doubt, in view o f th e  theo re tica l considerations o f R ushm er (1964), 
th a t  th e  electronic derivative is m ore detailed  and accura te  (Simonyi e t al. 
1965, Simonyi and  B ánsághi 1966, Sim onyi 1973, Spodick 1973).

Since our first publication  in 1965, H ungarian  au tho rs have used the 
derivatives of th e  pressure and  pulse curves in exploring haem odynam ics 
[R om oda 1967, R om oda and  Is tv án ffy  1969, Bodrogi e t  al. 1969, 1970, 
Bodrogi and  Biró 1970, R om oda e t al. 1970, Fenyvesi (personal com m uni­
cation) 1970, T huránszky  1970, Sim on e t  al, 1970, P orubszky  e t al. 1970, 
1972, Simon 1970, 1971, Békés e t al. 1971a, b, Bodrogi 1970a, b, 1971, 
1972, Bodrogi and  Bodrogi 1972, 1973, 1974, Bodrogi an d  K ovács 1972, 
Son 1972, K ékes e t al. 1973, P orubszky  an d  Gábor 1972]. W arrenbourg e t al. 
(1969a, b), K ahn  and  Spodick (1972), Spodick (1973), an d  N andi and  Spodick 
(1973) also rep o rt on th e  successful use of the  carotid  derivative. The de­
riv a tiv e  of the  ECG is also used (K enedi and Müller 1972, K enedi e t al. 
1972a, b).

*

The technique described above is su itab le  for simple derivation  of pulse 
an d  pressure curves.
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T H E  F IR S T  D ER IV A TIV E OF T H E  CAROTID PU L SE  W AVE 
IN  H EA L TH Y  IN D IV ID U A L S

The first derivative of the caro tid  tracing  (dC/dt) has a characteristic 
shape; th is  has been described by us on the  basis of analysing 250 curves 
(Simonyi e t al. 1965, 1968). The findings ware confirmed by results ob ta ined  
afte r analysing 1,500 curves (Simonyi 1971).

The shape of the  derivative curve is determ ined  from  th e  original tracing ,
i. e. th e  caro tid  pulse wave which is recorded as follows. The p a tien t lies 
in the  supine position (Fig. 10). P iezocrystal infration pick-up is placed over 
the  site of m axim al pulsation of the caro tid  a r te ry  using a degree of pressure 
no t uncom fortable to  the patien t. The errors in placing th e  pick-up affect 
the  shape of th e  caro tid  tracing and  obviously th a t  of the  derivative curve 
as well. W ith  practice and  patience reproducible curves can be recorded. 
D uring recording the  m ost im portan t prerequisites are a good pick-up, a 
w ell-trained staff and  a cooperative p a tien t (Bodrogi 1966). I f  any of these 
prerequisites is n o t fulfilled a good recording is no t possible. Occasionally^

F ig . 10. R eco rd in g  o f  th e  caro tid  cu rve is m ad e  a t  th e  site  o f th e  m ax im al p u lsa tio n
of th e  ca ro tid  a r te ry
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anatom ical peculiarities, such as a short neck, th y ro id  goitre, etc. m ay cause 
difficulties. F rom  a  good tracing  the  following can be expected.

1. I t  should have one or tw o initial sm all waves, which characterize th e  
cen tra l pulse.

2. After the  opening of the  sem ilunar valve it should show a steep rise.
3. The incisura should be visible on the  descending limb (unless there  is 

severe aortic regu rg ita tion  characterized b y  th e  absence of the  incisura).
4. In  diastole, a p a rt from  the  dicrotic wave th e  curve should have a gentle 

slope to  the n ex t presystole (Bodrogi 1966).
I t  is necessary to  carefully analyse the  derivative curve, too. I t  m ust be 

checked to  ensure th a t  the  steeper slope of th e  tracing corresponds to  a 
higher, and the  gentler slope to  a sm aller deriva tive  curve. Also the  positive 
peak  of the deriva tive  should coincide w ith  th e  steepest p a r t  of the tracing . 
F inally , a t th e  ex trem e values of the basic curve, as we would expect, th e  
derivative should be on the  zero line. In  o th e r words, the  derivative curve’s 
zero line can be determ ined  by  drawing a  line on the  points representing the  
extrem e values of th e  original tracing, these being the  beginning of the  rise, 
an d  the  highest an d  lowest po in t of the incisura. This is re levant because the  
highest po int of th e  derivative is m easured by  correlating it to  the zero line, 
an d  a t a first glance th e  often negative diastolic line m ay be regarded as the  
base line. I f  the  pream plifier of the caro tid  pick-up is disconnected, the  zero 
line of the derivative appears d irectly  on th e  recordings. The derivative 
curve in diastole, corresponding to  the descending limb of th e  carotid  tracing, 
generally runs slightly  below the zero line. The presystolic wave(s) of the  
caro tid  tracing appear on the  dC/dt curve as a  sm all positive peak. S im ultane­
ously w ith the  sudden rise of the caro tid  curve a rise can be seen on th e  
derivative, too. The synchrony of th e  tw o poin ts a t th e  beginning of the  
steep  slope helps in identifying them . This is when the  first po inted  positive 
wave being a characteristic  feature of th e  differential curve appears reaching 
its  peak when th e  rise of th e  carotid  trac ing  is the  steepest. A fter th is, it  
suddenly falls, reaching or even crossing th e  zero line and  becoming slightly  
negative. In  some cases, however, it becomes positive. Before the  end  of 
systole there is a regular sm all negative wave, being sm aller th an  th e  first 
positive one, reaching th e  zero line sim ultaneously  w ith  the  deepest p a r t  of 
th e  incisura. T hen  in synchrony w ith  th e  dicrotic wave of the  caro tid  
tracing  a sm all positive wave can be seen on th e  derivative curve, this being 
followed by th e  diastolic period; th ro u g h o u t th e  diastolic phase, up to  the  
presystolic sm all wave, the  curve is slightly  in the  negative range.

The shape of th e  caro tid  tracing in h ea lth y  individuals is no t uniform . 
O ’R ourke (1971) has po in ted  out th a t  th ere  is no universal nom enclature as
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far as th e  nam e of the  waves are concerned. Norm al varian ts occur in  the
shape of the presystolic small waves in the position of the  anacrotic notch; 
in th e  m agnitude of the percussion waves, and in the  p la teau  form ation in 
t waves, in o ther words the  ‘catacro tic  flexure’, in the position of the  incisura 
and  of th e  dicrotic wave, in th e ir size (com pared to  each other) and  in th e ir
tim ing (Luisada 1953, 1959, G uderm ann 
and  Jungm ann  1964, Dontas 1960, D ontas 
e t al. 1961, F re ise t al, 1966). This variab il­
ity  is dem onstrated  in Figs 8 an d  11. The 
derivatives are not identical b u t in view 
of th e  m ain waves th ey  show close sim ilar­
ity , an d  th is can be seen a t  96.5% of the 
tracings (cf. Fig. 18). W arrenbourg e t al. 
(1969) gave an account and  in terp re ta tion  
of th e  first derivative of the caro tid  curve. 
T hey  m ark  the waves of the differential 
curve w ith  A,  B,C,  D  and E. A  is th e  first 
high, positive, В  is the  following m idsvstol- 
ic, negative, C the  small, positive, D  tho 
regular, negative, and  E  the small, positive 
wave w hich corresponds to  the dicrotic u n ­
dulation . Their characterization of tracings 
ob ta ined  in healthy  individuals is sim ilar 
to  ours. W ave A  runs always higher th an  
wave D,  waves A  and  D  reveal less v a riab il­
ity . The highest num ber of varian ts  were 
found  am ong the midsystolic waves, and  
th e ir p roperties are dependent on th e  p la ­
teau  form ation of th e  carotid  tracing . All 
the waves are present in young ind iv idu­
als, w hereas w ith advanced age waves В  
and  C often  disappear. In  the figures by 
K ah n  an d  Spodick (1972) and  N andi and 
Spodick (1973) theshape of the first deriv­
a tive  of the  carotid  curve is sim ilar to  
th a t  observed by us.

*
The first derivative (dC/dt) of th e  c a ro t­

id trac ing  in healthy  individuals is a 
characteristic (typical) curve.

£CG II

carotid

cf2C /h f2

PCG

dc/dt

PCG

- i — i— i— i— :— i------ 1____
F ig . 11. R eco rd ings o f  a  h e a lth y  
in d iv id u a l by  th e  H eilige m u lti- 
se r ip to r (paper speed: 50 m m /sec). 
T he u p stro k e  o f th e  ca ro tid  cu rve  
o f  dC/dt and  d2C /dt2 begins s y n ­
chronously  in d ica tin g  th e  zero line 
on th e  correspond ing  cu rves an d  
th e  beg inn ing  o f  th e  ejec tion . T he 
firs t positive  w ave o f  dC/dt crosses 
th e  zero line a t  th e  end  o f th e  r a p ­
id ejec tion . T he in c isu ra  show s 

th e  end o f th e  e jec tion  period
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T H E  USE OF T H E  dC\dt CURVE F O R  M EA SU R IN G  SYSTOLIC
TIM E IN T ER V A LS

T he analysis of th e  differential curve helps in determ ining the beginning 
o f th e  ejection phase (Simonyi e t al. 1968). The incisura of the carotid  
trac ing  m arks the  end  o f the  ejection period. The incisura can be identified 
on th e  derivative curve a t  a d istance of a  few hundred ths of a second 
from  the  deepest p o in t of the  derivative, where it crosses the zero line 
(Fig. 11). W arrenbourg e t al. (1969) and  N andi and  Spodick (1973) recom-

F ig . 12. T he  m e asu rem en t o f  ce rta in  
phases o f th e  sy s to le  can  be seen in  
th e  PCG, ca ro tid  tr a c in g  an d  its  firs t 
deriv a tiv e . 1, iso m e tric  co n trac tio n ; 
2, rap id  e jec tion ; 3, red u ced  ejec tion

m end th e  deepest po int of the 
derivative curve for the  same 
purpose because it is easy  to 
identify. A new step  is the  e s ti­
m ation  of the duration  of the  first 
positive notch. This probably  
indicates the  duration  of the  rapid 
ejection period. A t la ter stages 
th e  velocity decreases during the 
reduced ejection phase which 
s ta r ts  a t  the  end of th e  rap id  
ejection and  finishes a t the  inci­
sura. W ith  th e  sim ultaneous re ­
cording of th e  PCG and the  caro­
tid  tracing  the  length of the  whole 
systole can be estim ated. W ith 
th e  du ra tion  of the ejection pe­
riod being sub trac ted  from  this 
th e  tim e of th e  isometric con trac­
tion  is ob tained  (Eig. 12). Meas­
urem ents have been carried out 
w ith  th is technique in 50 hea lthy  
individuals. In  order to  fu rther 
check our results the  phases of 
th e  systole were also estim ated  
w ith  a  ballistocardiograph (Gábor 
and  Forgács 1958, 1960, Gábor 
1964) in the  same individuals; 
th e  sta tis tica l analysis showed a 
good correlation (Table 1; Simo­
nyi e t al. 1965, 1968).
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TABLE 1

D ata of systolic tim e intervals measured on the carotid 
derivative an d  ballistocardiographic curves

Isometric contraction j  Rapid ejection Reduced ejection

in sec • 10-a

BCG 3.83^:0.90 11.78^1.51 16.75±1.41
dC/dt 3 .57±0.76 11.50^1.56 17.36±1.74

t 1.4 0.93 1.78
p  > 0 .1 0  > 0 .2 0  > 0 .0 5

Figures 13 to  15 show the  sta tis tica l d istribution of our results, the  tw o 
curves represent findings using th e  tw o techniques. A close sim ilarity  can be 
noted. W arrenbourg e t al. (1969) estim ated  w ith the  deriva tive  technique

F ig . 13. A bscissa: leng th  o f 
th e  isom etric  co n trac tio n  in  
h u n d re d th  o f seconds. O rd i­
n a te : nu m b er o f cases in  
w hom  th e  values w ere found  
e ith e r w ith  ba llis to card io ­
g rap h y  or w ith th e  dC/dt curve

F ig . 14. A bscissa: le n g th  o f  th e  rap id  
ejec tion . O rd inate : n u m b e r o f  cases in  
w hom  th e  values w ere found  w ith  b a l­
listo card io g rap h y  an d  th e  dC/dt d e riv ­

a tiv e  cu rve
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th e  tim e of wave A  an d  found it to  be 80 to  150 (mean 120 msec), and this 
agrees well w ith  our own m easurem ent w hich was 111 .5+15.6  msec. The 
tim e of ejection was found to  lie betw een 250 and  300 msec, our mean value 
fo r th e  same p aram ete r being 188.6 msec.

E stim ation  of the  ‘contraction  tim e’ of the  h eart was first made a t the
beginning of the  cen tury . I t  has since 
been used as a basis for evaluation 
of the  cardiac function  (Hess 1915, 
W iggers 1921, 1952, Schultz 1937,
B lum berger 1940, Benchim ol e t al. 
1960, 1962, 1963, W eissler and H arris 
1968, W eissler e t al. 1961, 1964, 1969, 
Bodrogi 1961, Agrees and  W egnerl962, 
H olldack 1966, H arris  e t al, 1967, 
Stafford e t al. 1970, Willems and K est- 
elloot 1967, G arrard  e t al. 1970, Perloff 
and  Reichek 1972, P ark s  et al. 1973).

The first derivative of the  apex ca r­
diogram  (Reale 1967, Gleichman 1968, 
G leichm an e ta l .  1970, 1971, Porubszky 
and  G ábor 1972, G ábor et al. 1972, 
K ékes e t al. 1973, Bodrogi and B od­

rogi 1973, 1974, S trausz e t al. 1974) an d  th a t  of th e  chest impedance 
cardiogram  (Lababidi e t al. 1970) m ay also be used for th e  same purpose.

I t  is hoped th a t  th e  technique describ ed  above will serve as a useful 
a id  in estim ating certa in  phases of the  systole.

*

The first derivative of the  carotid  tracing  (dC/dt) could be used for the 
m easurem ent of th e  d u ra tio n  of slow and  rap id  ejection. The positive wave 
o f the dC/dt curve m arks the  boundary  of the rap id  ejection period. The 
results ob tained  w ith  th is technique and  w ith acceleration ballistocardiog­
rap h y  showed good correlation.

F ig . 15. A bscissa: le n g th  o f th e  r e ­
du ced  ejec tion  pe rio d ; O rd in a te : n u m ­
b e r  o f cases in  w hom  th e  v a lu es w ere 
fo u n d  w ith  b a llis to ca rd io g rap h y  and  

th e  dC/dt d e r iv a tiv e  cu rve
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T H E  F IR S T  DER IV A TIV E O F T H E  CAROTID PU LSE WAVE 
U N D E R  PATHOLOGICAL CONDITIONS

In  th is section our observations on th e  derivative curve in p a tien ts  w ith  
atherosclerotic h ea rt disease of vary ing  severity  and  blood pressure will be 
review ed (Simonyi e t al. 1968a). T he grading of disability  was done accord­
ing to  th e  criteria  of the New Y ork H e a rt Association.

A large num ber of cardiac p a tien ts  have curves which deviate significantly  
from  those of norm als. These differences are in  the  descending p a rt, insofar 
as th ey  do not re tu rn  to  the base line steeply, e ither forming a second p eak  
(Fig. 16), or assum ing a dome-like shape (Fig. 17). According to  B odrogi’s 
observations (1972) the  tim e requ ired  for th e  curves in these cases to  
re tu rn  to  th e  zero line is definitely longer th a n  in healthy  individuals. 
F igure 18 shows a  schem atic d iagram  of th e  ty p ica l and  atyp ica l dC/dt 
curves.

F ig . 16. A ty p ica l dG/dt curve. The 
descend ing  p a r t  o f th e  positive 
w ave does n o t fall s teep ly  b u t r e ­
tu rn s  to  th e  base  line a f te r  form ing 

a  second peak

F ig . 17. A ty p ica l dC/dt cu rve . T he  
descend ing  p a r t  o f th e  p o sitiv e  w ave 
does n o t  fall s teep ly  b u t re tu rn s  to  th e  

b ase  line  w ith  a dom e-like c o n to u r
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250 dC\dl curves were analysed and  div ided  in to  two groups. In  Group I  
th ere  were 90 ind iv iduals w ithout cardiac disease. In  Group II , there  were 
140, all w ith significant h ea rt disease.

F igure 19 shows th a t  in  Group I  th e  percentage of typ ical dCjdt curves was 
96.5% , and th a t  of a ty p ica l 3.5% . In  G roup I I  there were only 41.6% typ ical

F ig . IS . T yp ica l a n d  a ty p ic a l dC/dt curves. O n th e  ty p ic a l curve th e  descending  p a r t  
o f  th e  first positive  p e a k  re tu rn s  steep ly  to  th e  b ase  line, th e  tim e  betw een  th e  beg in ­
n in g  and  th e  end  o f  th e  w ave  being sh o r t (0.08—0.14 sec). O n th e  a ty p ica l cu rv e  th e  d e ­
scend ing  p a r t  is n o t s teep . O ften  a second p e a k  o r a  dom e-like shape  ap p ea rs  an d  th e  

d e r iv a tiv e  crosses th e  base  line  a f te r  a  sh o rte r  period

h e a l t h y  p a t i e n t s

F ig. 19. I n  th e  h ea lth y  
g roup  th e re  a re  3.5 per 
cen t a ty p ic a l  curves, in  
th e  group  o f  p a tie n ts  t  here 
a re  58.4 p e r  cen t. E m p ty  
colum n: ty p ic a l dC/dt.
C ro ss-ha tched  colum n: 

a ty p ic a l dC/dt

degree of decompensation

F ig . 20. A ty p ica l curves 
a re  m ore ra re  am ong com ­
p en sa ted  p a tien ts , th e ir  
p ro p o rtio n  increases w ith  
th e  sev e rity  o f decom pen­
sa tio n . T here a re  m ore 
a ty p ic a l curves in  th e  
h y p erten s iv e  group . D o t­
te d  line: hypertensive .
B roken  line: n o rm o ten ­
sive. Solid line: average
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and  58.4% atyp ica l curves. A correlation has been found between th e  
clinical p icture an d  the incidence of atyp ical tracing . Among the p a tien ts  
there were re la tive ly  few cases of valvu lar defects, there  being none w ith  
aortic valve disease. The few cases w ith m itra l valve abnorm alities presen ted  
a distinctive p ic tu re  as far as the derivative curves were concerned. In  cases 
of congestive cardiac failure and  in 
hypertensive disease atypical dC/di curves 
were often found. For fu rther clarification 
the  patien ts  of G roup I I  were subdivided 
according to  th e  degree of decom pen­
sation, and  the  num ber of atypical deriva­
tive  curves was estim ated  in the subgroups 
(Fig. 20). The la tte r  were fu rther separated  
into norm otensive and  hypertensive cases.
The Figure shows th a t  the sm allest num ­
ber of atyp ical curves was found in the  
com pensated group, and  the frequency of 
abnorm ality  increased with the grade of 
decom pensation. Among the hypertensive 
patien ts there  were m any more atyp ical 
tracings th an  am ong those w ith norm al 
blood pressure. F igure 21 shows the  cor­
relation betw een th e  height of the  blood 
pressure and th e  ra te  of atypical tracings.
The greater th e  systolic pressure the larg ­
er was the num ber of the atypical de­
rivative  curves. This was no t the case w ith 
diastolic pressure, th ere  being more a ty p ­
ical curves in th e  hypertensive patien ts 
w ith  low diastolic pressures.

Cases w ith valvu lar failure were no t analysed b u t it m ust be pointed ou t 
th a t  in aortic stenosis th e  dC/dt derivative g reatly  accentuates the  charac­
teristic  v ibrations seen on the anacrotic side (Fig. 22) and  th is m ight be a 
useful diagnostic aid  (Simonyi 1971).

W arrenbourg e t al. (1969) have also investigated  the  derivatives of th e  
carotid  tracing; th e ir  work is of g reat im portance because it was carried ou t 
in cases in which valvu lar defects had  been dem onstra ted  by  cardiac ca the­
terization. They em phasized the value of th e  derivative in aortic valvular 
defects. Their tracings of heart disease associated w ith  hypertension are 
very  sim ilar to  ours.

F ig . 21. T he  cu rve  show s th e  
co rre la tion  betw een  th e  ra te  o f 
a ty p ica l dC/dt cu rves and  th e  
h e ig h t o f th e  blood pressure. 
W ith  th e  increase  o f systo lic  
p ressu re  th e  freq u en cy  o f a ty p ­
ical cu rves increases; th is  is 
p a rt ic u la r ly  so i f  th e  high sy s­
to lic  p ressu re  is accom panied 
b y  a  d ias to lic  p ressu re  w hich is 
low er th a n  95 m m  H g. B roken  
line : d ias to lic  p ressu re  <  95 m m  
H g. Solid line: d iasto lic  p ressu re  

> 9 5  m m  H g
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R ushm er’s view (1964) th a t  the efficiency of the h eart is reflected in the 
‘in itia l ven tricu lar im pulse’ is su p p o rted  by m uch experim ental work. 
I t  could be expected  th a t  in this phase there are some abnorm alities in 
pathological cases. The analysis of th e  dCjdt curve justifies th is assum ption. 
T he pressure in th e  transitional phase betw een  the rap id  and  reduced ejection

period  is abnorm al. I t  is know n from 
th e  experim ents of G ábor and  his as­
sociates (Gábor and  Forgács 1958, 1960, 
G ábor 1964) th a t in decom pensated 
card iac failure the rap id  ejection phase 
is re la tive ly  lengthened, and  when 
m yocardial function im proves and  
th e re  is be tte r com pensation, th e  rap id  
ejec tion  tim e shortens. The dC/dt t ra c ­
ing shows th a t the descending p a r t  of 
th e  positive wave descends more slowly 
an d  form s a second peak or dome-like 
shape before reaching th e  zero line.

T he changes in the  shape of the  dCjdt 
curve can be ascribed to  th e  a ltered  
function  of the heart. Besides th e  rea ­
son m entioned above, th is is fu rth e r 
su p p o rted  by  the  observations th a t 
abnorm al dC\dt curves often occur in 
cases w ithout the clinical sym ptom s of 
th e  a ltered  function of the periphery . 
T he frequency of th e  atyp ical curves 
increases w ith th e  increasing grade of 
severity  of decom pensation in  norm o­
tensive patien ts (Fig. 20). Among th e  
possible peripheral factors, th e  changes 
in  th e  elasticity  of the  ascending 
a o r ta  and  the  caro tid  a rte ry  should

F ig . 22. T rac in g s ta k e n  in  p a tie n ts  
w ith  ao rtic  stenosis. T h ere  a re  a b n o r­
m al changes on  th e  ca ro tid  pu lse  con­
to u r , w ith  s lig h t ‘cock’s crow ’-like v i­
b ra tio n s. I n  th e  d e riv a tiv e  a ty p ica l 
w aves can be  c lea rly  seen in  th e  
m idd le  o f  th e  e jec tio n , a ccen tu a tin g  
th e  p a tho log ica l p h en o m en a  o f th e  
o rig inal cu rv e  (E lem a  M ingograph, 

p ap e r speed: 50 m m /sec)

also be mentioned. This is believed to  
p lay  only a m inor role; the  a ltered  p e­
ripheral resistance is more im portan t. 
I f  th e  cardiac failure is accom panied 
b y  hypertension there  is a g reat inci­
dence of curves. Among p a tien ts  w ith 
iden tical systolic pressures th ere  are
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m ore atyp ical tracings where th e  diastolic pressure is low (Fig. 21). This 
po in t indicates altered  m yocardial function b u t the role of the periphery 
canno t be ignored.

*

96.5% of the  dCjdt curve has a  typ ical shape in hea lthy  individuals, 
w hilst in h ea rt disease th is is only so in 41.6% of th e  cases. The shape 
o f th e  descending p a r t of the  positive wave is atypical and  does no t reach 
th e  base line steeply b u t forms e ither a second peak or a  dome-like contour. 
T he reason of th is is assum ed to  be due to  the  changing function of the  ven ­
tricu la r m yocardium , although higher blood pressure m ay also p lay a  role. 
T he first derivative of the caro tid  trac ing  accentuates th e  irregular v ib ra ­
tions found in aortic stenosis and  th is  could be a useful diagnostic aid.
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CHAPTER 2

THE DERIVATIVE OF THE CAROTID CURVE AS A 
SEMIQUANTITATIVE OR QUANTITATIVE METHOD FOR 

ASSESSING POSITIVE INOTROPIC ACTIONS

CO N TRA CTILITY  OF T H E  M YOCARDIUM

In  th e  In troduc tion  it has been m entioned th a t  the height of the peaks of the 
deriva tives of th e  ca ro tid  tracings ru n  parallel w ith th e  contractility  of the  
ven tricu lar m yocardium . I t  will now be a ttem p ted  to  ju stify  this sta tem en t.

Before elucidating th is  concept it should  be m entioned th a t changes in 
con trac tility  per se do n o t necessarily determ ine the  varia tions in cardiac 
o u tp u t; con tractility  is, however, an  im p o rtan t determ inan t of cardiac 
o u tp u t. R ushm er’s schem atic figure (1955) illustrates th e  in terp lay  of certain  
factors in influencing changes of cardiac o u tpu t:

Cardiac o u tp u t

1. heart ra te  stroke volume
diastolic filling systolic ejection

2. effective 3. m yocardial 4. m yocardial 5. arterial 
filling distensibility  con tractility  blood
pressure pressure

A lthough m any definitions have been proposed, it is n o t very  simple 
to  define ‘co n trac tility ’. R utishauser an d  K rayenbühl (1968) em phasize 
th a t  con tractility  or th e  inotropic s ta te  o f the  m yocardium  should be defined 
w ith  appropriate postu lates.

L uisada (1953) writes: “The heart has four basic properties: A utom aticity , 
excitab ility , conduc tiv ity  and  con tractility . A fifth, tonus, is under d is­
cussion . . . ”

“ C ontractility  is th e  ab ility  of the  heart muscle to  shorten  itself, th u s  
perform ing w ork.”

Sarnoff’s classic definition (1955) s ta te s  th a t  increase of contractility  
m eans th a t  a t a given diastolic pressure th e  ex ternal stroke work of the  
h ea rt increases.
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In  experim ental work a change in the  cardiac circum ference is regarded 
as a degree of con tractility , th is being m easured w ith  a  W alton-B rodie 
‘straingauge a rch ’ (Boniface e t al. 1953). In  m an th is can be applied only 
during cardiac surgery (Sonnenblick e t al. 1966). A very  useful index is the  
m ean systolic ejection ra te  (the M SER index), which is th e  quotien t of the  
systolic volum e an d  the  ejection tim e (Gorlin e t al. 1964, M itchell e t al. 
1966).

Sonnenblick (1962) investigated  the isotonic contraction  of the  cat pap il­
lary  muscle w ith th e  techniques used in th e  s tu d y  of th e  skeletal muscle, 
i. e. during steady  loading. The velocity of the in itia l shortening was found to  
be faster by  sm aller loading. Using different loads on the  muscle the fo rce- 
velocity curve can be constructed. S tarting  from  th is theo ry  the  force-veloc­
ity  correlation was stud ied  in in tac t anim als (Ross e t al. 1966, Levine e t al. 
1966, Taylor et al. 1967) and  la te r in m an (Downing and  Sonnenblick 1964, 
Glick et al. 1965, Ross e t al. 1966, Levine e t  al. 1966, Sonnenblick 1968). 
The ex trapo lated  m axim um  value was regarded as a param eter for contrac­
tility  increasing a fte r positive and  decreasing a fte r negative inotropic 
interventions.

A fu rther step forw ard was the in troduction of the  first derivative of the 
left ven tricular pressure curve (Reeves e t al. 1960, Reeves and  H efner 1962, 
Gleason and  B raunw ald 1962). The iso volum etric stage on the  derivative 
of the ventricu lar pressure (dp/dt) is denoted as a  po in ted  peak  (max dpjdt) 
being very  sensitive to  positive inotropic in terventions w ith  an  increase and  
to  negative inotropic in terventions w ith a decrease in the  peak.

Based upon anim al experim ents and theoretical considerations, R ushm er 
(1964) regards the im pulse which brings into m otion th e  h ea rt as a d istinc­
tive feature of cardiac function, ‘initial ven tricu la r im pulse, a po ten tia l 
key to  cardiac eva lua tion ’. F or the q u an tita tiv e  evaluation  of con tractility  
of the ventricu lar m yocardium  some indices have been in troduced. Siegel

m a x dp/dt
et al. (1964) recom m end the  -----j j p ----- index where I I T  =  in tegrated  iso­

m etric tension. Y eragut an d  K rayenbiih l (1965) suggested the  index 
m ax dpjdt

--------------  , IP  being the  pressure which can be m easured in the ven ­

tricle a t the tim e of m ax dpjdt.
dpjdt

R ecently , Mason e t al. (1970, 1971) introduced the  — — index as a m ea­

sure of contractility , th e  quotien t composed of th e  derivative an d  the accom ­
panying pressure (P), all of which can be ob tained  continuously by electronic 
m onitoring. According to  the au th o rs’ opinion, th e  results ob tained  charac-
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terize  th e  bea t-to -beat co n trac tility  independently  of th e  p reload an d  a fte r­
load. K a tz  (1970) poin ts o u t th a t  th is  technique still needs fu rth e r elabora­
tion .

In  spite of these an d  o ther new indices (Hugenholtz e t al. 1971, Agrees 
e t  al. 1972, D iam ond e t  al. 1972, Ross an d  Peterson 1973, M cDonald and 
H obson 1974, M adias an d  Cohen 1974, B rundage and  Cheitlin 1974, Peterson  
e t al. 1974), new techniques available for studying hum an haem odynam ics 
as well as th a t  in experim ental anim als, th e  first derivatives of th e  ven­
tr icu la r  or aortic pressure tracings are th e  m ost widely used techniques. 
Accepting th is view an d  following th e  exam ple of th e  derivatives of the 
in tracav ita ry  pressure the  derivative o f the  carotid tracing  has been con­
s tru c ted , the  dC\dt w hich can also be used to  follow changes in con tractility . 
This assum ption will be e labo rated  in C hapter 2, now only th e  proofs 
are enum erated:

1. In  the  dog the  shape of dCldt is sim ilar to  th a t  of the  derivative of the 
ao rtic  pressure tracing .

2. The m ax dCjdt is sensitive to  th e  action of well-known drugs in the 
sam e m anner as is th e  m ax dAojdt.

3. The shape of dCjdt in m an is sim ilar to  th a t of dAojdt.

COM PARATIVE STUDY OF T H E  F IR S T  D E R IV A T IV E  
OF T H E  IN D IR E C T  CAROTID P R E S S U R E  CURVE 

AND T H E  IN T R A -A R T E R IA L  P R E S S U R E  CURVES 
IN  E X P E R IM E N T A L  ANIMALS

Cross-bred dogs of b o th  sexes weighing 18 to  20 kg were used. A fter the 
exposure of the  caro tid  a rte ry  u nder chloralose-urethane anaesthesia  a  poly­
vinyl ca the ter was inserted. Care was tak en  to  ensure th a t  th e  tip  of the 
ca th e te r reached th e  ao rta  ju s t above th e  aortic valve, and  th e  pressure was 
m easured a t th is level. An ex tern a l detec to r was placed on th e  in ta c t carotid 
a r te ry  on the opposite side. The trac ing  of the  caro tid  curve and  its  deriva­
tives bo th  by  th e  noninvasive an d  d irect in tra -a rte ria l techniques was re ­
corded synchronously.

M yocardial co n trac tility  was a lte red  by  the  adm in istra tion  o f certain  
drugs and  th e  changes th a t  occurred in th e  carotid  tracings were correlated 
w ith  those in th e ir derivatives to  see w hether there  was a  good agreem ent 
betw een the two. The drugs used in  th is  experim ent were as follows: N or­
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adrenaline (10, 40 and 100 fig) ad ren­
aline (10, 40 and 200 pg), isopren- 
aline (10 and 40 /tg) and  the  
b e ta  receptor-blocking com pound 
propranolol (Inderal, IC I, 10 and  40 
pg). All th e  drugs d ilu ted  in saline 
were given by i. v. infusion.

T hirty-six  experim ents were ca r­
ried  ou t in six dogs. The derivatives 
tak en  during rest, i. e. before drug 
adm in istration  showed, identical 
p a tte rn s  (Fig. 23). D uring diastole 
there  were either no or a t  the  m ost 
negligible changes, i. e. all th ree der­
ivatives ran  horizontally. This hor­
izontal line was chosen as th e  base 
line, the  upw ard deflection being 
designated as positive and  the dow n­
w ard  as negative. (This base line 
proved to  be identical w ith  the ‘0’ 
differential line, constructed  w ith  the 
extrem e values of th e  basic tracing.)
The derivatives a t th e  early  p a r t  of 
th e  systole form a steep ascending 
line which ends in a po in ted  peak 
indicating the m axim um  velocity of 
th e  pressure gradient. A fter th is 
in itia l positive phase, th e  deriva­
tiv e  curve again reaches th e  base line 
an d  runs horizontally. A t the  end of 
th e  systole a negative wave is seen, 
th is, however, being sm aller th an  
th e  positive wave a t the  beginning 
of the  systole. This negative deflec­
tion  is followed, b u t no t invariably, 
by  a sm all positive wave.

P rio r to  recording th e  basic tracings one of the drugs was adm inistered 
to  th e  experim ental anim al allowing 10 to  15 m inutes, for th e  peak action 
of the  tes t compound. This was followed by  the  adm in istration  of the nex t 
com pound. The order of the  drugs was random ized in each anim al, in order

F ig . 23. A com parison  o f  th e  d e riv a tiv e  
cu rv e  (dA o/d t) o b ta in ed  b y  in tra -a o rtic  
(invasive) tra c in g  (Ao) an d  th e  d e riv a ­
tiv e  cu rve (dC /dt) o b ta in e d  from  nonin- 
vasive  trac in g  o f th e  ca ro tid  tra c in g  (C) 
(dog, Galileo p o ly g rap h , p a p e r  speed: 

50 m m /sec)
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to  elim inate the  synergistic and  antagonistic in teraction  between the differ­
en t drugs used in th e  sam e anim al.

A fter the  adm in istra tion  of adrenaline (10, 50 and  100 fig) the  height of the  
peak seen on the  trac ing  increased on both  derivatives, th is  change being 
dose dependent. In  th e  sam e anim al, change in the  m axim um  values of the  
derivatives originating from  th e  tracings recorded from  the  aorta  and  the  
caro tid  a rte ry  showed a  sim ilar p a tte rn  (Fig. 24).

N oradrenaline (10, 40 and  100 /ug) like adrenaline caused an enhancem ent 
of the peaks on th e  d eriva tive  curves, and  the  elevation h ad  a similar ch ar­
ac te r as in the  case of adrenaline (Fig. 25). N oradrenaline in the m ajority

F ig . 24. A fte r th e  a d m in is tra tio n  o f  200 fig ad renaline , th e  p ressu re  in  th e  a o r ta  in ­
creases, th e re  is a  s ign ifican t b ra d y c a rd ia , th e  d e riv a tiv e  o f th e  a o rtic  p ressure curve 
(dAo/dt) is sim ilar to  th e  firs t d e riv a tiv e  o f  th e  ca ro tid  tra c in g  (dC /dt) (dog, Galileo 

p o ly g rap h , p a p e r  speed: 2 m m /sec)
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of the experim ental animals caused arrhy thm ia , m ostly  ventricu lar e x tra ­
systoles. The ex trasysto lic peaks on the  derivative curves were lower th a n  
those of the norm al systolic peaks. H ere again the  th ree  curves revealed 
sim ilar pa tterns.

Isoprenaline is one of the drugs which m arkedly increase th e  con tractility  
of the m yocardium . A fter the adm inistration  of 10 and 40 fig  doses the peaks 
on all th ree deriva tive  curves became higher (Fig. 26). The above experim ents 
are dem onstrated  schem atically in Fig. 27. The action of isoprenaline was 
blocked by giving propranolol in advance. In  th is case the  peaks of the  
derivative curves d id  no t show elevation.

The aim of our investigation was to  check w hether th e  derivative of th e  
tracing recorded b y  noninvasive technique in the experim ental anim al 
showed an identical p a tte rn  w ith th a t  of the  in tra-ao rtic  tracing . B y observ­
ing the effects o f drugs which have a well-known ac tion  on m yocardial 
con tractility  ce rta in  conclusions could be draw n concerning the  results of 
changing co n trac tility  on the shape of th e  derivative curve of the pulse 
tracing.

F ig. 25. A fte r  th e  ad m in is tra tio n  o f 10 fig n o rad ren a lin e  th e  ao rtic  pressure 
sligh tly  increases, b o th  d eriv a tiv es o b ta in ed  from  th e  a o rtic  and  th e  
non invasive ca ro tid  trac ings show ing a  slig h t increase. In  th e  second h a lf  of 
th e  d iag ram  reco v ery  tow ards th e  base line is show n a f te r  8 m in u tes  (dog, 

G alileo po lyg raph , p ap e r speed: 2 m m /sec)
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Our experim ents h a te  borne ou t our hypothesis, i. e. th e  peaks on the  
deriva tive  curves tak en  by ex ternal trac ing  change in th e  sam e direction as 
th e  tracing tak en  b y  in tra -a rte ria l recording. However, differences do exist 
in  th e  absolute values. N evertheless, if absolute values are ignored and  
changes are expressed as percentage of th e  control value, identical figures 
a re  obtained. This allows us to  expect th e  same inform ation from  th e  deriv­
a tiv e  curve of th e  ex terna l carotid  trac ing  as from th e  in tra -a rte ria l tracing  
o f th e  aortic pressure.

I t  can also be concluded th a t  th e  m axim um  values o f th e  derivatives of 
d irec t and  indirect caro tid  a rte ry  trac ing  bo th  indicate changes in m yocar­
d ial contractility . This does no t app ly  to  cases in which pathological a lte ra ­
tions of the outflow tra c t  of the left ventricle and  of th e  proxim al p a r t  of 
th e  ao rta  m ay d is to rt the  tracing. The results of our anim al experim ents 
show an enhancem ent of the  peaks in  case of drugs w hich increase, and  a

F ig . 26. A fte r th e  a d m in is tra tio n  o f  40 /ng isop renaline  th e  p ressu re  in  th e  a o r ta  d e ­
creases. A t th e  sam e tim e , b o th  first d e riv a tiv e s  ob ta ined  fro m  th e  ao rtic  p ressu re  
cu rv e  an d  th e  ca ro tid  tra c in g  show  an  id e n tic a l rise. Two m in u te s  a f te r  in jec tion , th e  

effect is a lm o st over (dog, G alileo p o ly g rap h , p ap e r speed: 2 m m /sec)
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F ig. 27. The firs t d e riv a tiv e  o f th e  caro tid  tra c in g  
ta k e n  by  th e  n o n invasive  tech n iq u e  (dC /dt) and  
th a t  o f  th e  invas ive  in t ra -a r te r ia l tra c in g  o f  th e  
ao rtic  p ressu re  (dAo/dt) show  a  sim ilar p a tte rn .

T he changes a re  dose dependen t

lowering in those, which decrease con tractility  of the m yocardium , and  th is  
supports our assum ption.

*

D eductions from the  results ob ta ined  in anim al experim ents allowed 
th e  conclusion th a t  th e  first derivative of the caro tid  a rte ry  tracing  
can be used to  evaluate changes in m yocardial con tractility  (Gábor e t al. 
1968).
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F IR S T  D ER IV A T IV E  OF T H E  CAROTID TRACING:
A N O N IN V A SIV E T E C H N IQ U E  TO ASSESS T H E  PO SITIV E 

AND N E G A T IV E  IN O T R O PIC  IN T E R V E N T IO N S

In  the  previous section it has been a ttem p ted  to  prove the  applicability 
of the  first derivative of th e  ex ternal caro tid  arte rial trace  as an index of 
changes in co n trac tility  of the  m yocardium  in the  experim ental anim al. 
Here, the application o f th is technique in m an is dealt w ith.

The carotid  trac ing  was recorded in th e  p a tien t lying supine. The piezo­
crysta l ‘in fra to n ’ ca ro tid  pick-up was held a t a position on the neck where 
th e  am plitude of a r te ria l pulsation was m axim al. The tracing  and the de­
riv a tiv e  were o b ta in ed  using the technique described in  C hapter 1 (p. 27).

During the experim ents in which drugs were adm inistered, the p a tien t 
lay  still and received th e  te s t com pound through  a cannula inserted p rev i­
ously, so th a t he was n o t aware of th e  tim e of injection. To measure the 
pressure in the left ventricle and in the  ao r ta  the ca the ter was introduced 
percutaneously  th ro u g h  the  femoral a rte ry  by  the ‘Seidlinger’ technique. 
(These investigat ions were carried ou t on p a tien ts  in whom cardiac operation 
h ad  been envisaged, w ith  the  aim to  estab lish  the correct diagnosis. This 
was done in the  H aem odynam ic L ab o ra to ry  of the  N ational Cardiological 
In s titu te , B udapest.)

The dp\dt was ca lib ra ted  by  our own m ethod  (Simonyi e t  al. 1968). The 
pressure curves in th e  ao r ta  w ith  its  derivatives were recorded a t the same 
tim e as the ex ternal ca ro tid  tracing and  its  derivative. In  agreem ent w ith  
our earlier observations the  derivative of th e  left ventricle was found to  reach 
its m axim um  in th e  isom etric phase and  th a t  of the dC/dt a t  the beginning 
o f th e  ejection phase. There is a sim ilarity  between the  derivatives of the  
d irect pressure trac ing  an d  those of th e  indirect caro tid  pulse (Fig. 28).

46

F ig . 28. E lem a-M ingograph . P a p e r  speed: 
50 m m /see . T he d e riv a tiv es  o f th e  ao rtic  and  

in d ire c t ca ro tid  trac in g s  a re  h igh ly  sim ilar



The peak of the  left ven tricu lar pressure derivative increases following th e  
well-known inotropic action of isoproterenol. A sim ilar enhancem ent of 
the peak occurs in th e  case of th e  derivative of th e  righ t ventricle an d  th e  
derivatives of th e  d irec tly  recorded aortic and  fem oral a rte ry  pressure 
tracings. The peaks on the  carotid  derivative increase in parallel w ith  th e

F ig . 29. S iem ens-C ardirex  (paper speed: 25 m m /sec). 
A fte r  a n  ex tra sy s to le  (ES) th e  com pensato ry  p au se  is 
follow ed b y  a  h igh p eak  on  th e  dC/dt cu rve an d  th e  
‘p o te n t ia te d ’ h e a r t  co n trac tio n  reveals an  increased  

ino trop ic  action

in tracav ita ry  derivatives m entioned above during sim ultaneous recordings 
proving th a t the m ax dCjdt is influenced by inotropic changes in the heart.

I t  is known th a t  the  com pensatory pause afte r an ex trasysto le  is followed 
b y  a  powerful ‘p o ten tia ted ’ contraction. This is illu stra ted  in Fig. 29, 
which shows th a t the  peak  of the derivative of the  caro tid  tracing is higher 
in the  post-extrasystolic beat.

The action of a very  sm all dose of isoprenaline is shown in Fig. 30. T h irty  
seconds afte r the  injection of the  drug the  m ax dC/dt is alm ost doubled. 
The tim e course of action produced by the  small dose of d rug is dem onstrated  
in the  record tak en  a t  a slow speed (Fig. 31). I t  will be seen here th a t  a t rest 
th e  height of the  peaks o f th e  m ax dCjdt are fairly  uniform . W ith  isopren­
aline, afte r a tem porary  increase, the peaks of the m ax dCldt re tu rn  to their 
original position. The g reatest increase in height was found a fte r isoprenaline 
adm inistration ; w ith  doses o f 10 pg adrenaline, 10 /<g noradrenaline and

47



F ig. 31. H eilige m u ltisc rip to r (p ap er speed: 1 m m /sec). A fte r  th e  a d m in is tra tio n  o f 
4 fig isop renaline  th e  m ax  dC/dt in reases, re tu rn in g  6.5 m in  la te r  to  th e  in itia l va lue
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F ig . 32. I n  response to  S tro p h an th o sid e  (0.25 m g  dose) th e  peaks o f  th e  deriv a tiv es
increase s lig h tly



0.25 mg of s trophan toside we have seen only sm all increases (Fig. 32). 
T he changes in th e  m ax dCjdt are also very  good indicators of negative ino­
trop ic  in terventions. In  patien ts suffering from  essential hyperkinetic h ea rt 
syndrom e the m ax dC/dt decreases conspicuously afte r th e  adm inistration  
o f a sm all dose of propranolol (Simonyi e t  al. 1968b, Simonyi 1969a, b, 1971).

Sim ilar observations have been pub lished  by  K ah n  and  Spodick (1972) 
who found th a t th e  dD/dt quotien t (D =  d isplacem ent pulse) yielded from  
th e  tim e derivative o f the  carotid  curve increases due to  isoproterenol and  
decreases due to  propranolol adm in istra tion  [dD/dt ra tio  m eans the height 
o f th e  positive wave in percentage of th e  to ta l height of the  whole (positive 
-4- negative) d eriva tive  curve].

*

The first deriva tive  of the caro tid  trac ing  and  the derivatives of the  in tra ­
cav ita ry  curves have a sim ilar p a tte rn  and  th ey  reac t sim ilarly to  iso- 
prenaline. The higher m ax dCjdt w hich can be seen a fte r th e  com pensatory 
pause which follows an extrasystole is indicative of an  increased inotropic 
ac tiv ity  of th e  m yocardium . A fter th e  adm in istration  of drugs w ith  well- 
know n inotropic actions the m ax dCjdt behaves pred ictab ly ; in the  case of 
drugs w ith positive inotropic action it increases and  in the  case of com pounds 
w ith  negative ino tropic actions it  decreases.

On the basis o f these observations, i t  is believed th a t  th e  use of dCjdt in 
m an is a su itab le technique to  s tu d y  changes in th e  negative and  positive 
inotropic effects in th e  heart.

C A LIB R A TIO N  OF T H E  CA R O TID  D E R IV A T IV E  AND ITS 
R ELA TIO N  TO O T H E R  PA R A M ETER S

The distance betw een the base line an d  the  highest po in t on the derivative 
curve of the ca ro tid  tracing ind icates th e  levels of th e  systolic and  diastolic 
pressures. Our calculation of th e  m ax dC/dt value was based on th is assum p­
tion. The blood pressure was m easured by  K orotkoff’s technique in the  b ra ­
chial arte ry . T he slope of the curve was estim ated  a t  a level of 0.01 sec, b y  
tak ing  advan tage of the vertical lines of th e  tim e signals. The 0.01 sec tim e 
line seemed to  us a  short in terval, adequate  for obtain ing the  real value of the  
m ax dCjdt. T he value of the  m edium  height was calculated w ith  the  aid  
of the principle of proportionality , th e  resu lt being given in relation to  1 sec 
(Fig. 33) and  expressed in m m  H g per sec.

The determ ination  of cardiac o u tp u t was carried ou t by the  m easurem ent 
of the differences in 0 2 concentration  in sam ples tak en  from the  fem oral
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a rte ry  and  the  rig h t atrium , and  th e  results were .calculated by using the  
F ick  principle. In  some cases th e  estim ation was m ade w ith  131I  tagged  al­
bum in w ith the  isotope dilu tion  technique. The caro tid  tracing was recorded 
a t  th e  same tim e as the  dCjdt. The ejection period was m easured from  the 
caro tid  curve.

F ig. 33. C alcu lation  o f  m ax  dC/dt. H eilige m u ltisc rip - 
to r  (p ap er speed: 100 m m  p e r  sec). M ax dC/dt =

b
=  100 X ~  X pu lse  p ressu re  m m  H g  per sec. a =
=  th e  d is tan ce  be tw een  th e  h ig h es t p o in t o f  th e  c a ­
ro tid  cu rv e  and  th e  base  line, th is  being eq u iv a len t to  
th e  difference betw een  th e  systo lic  and  d iasto lic  pu lse  
p ressu re ; b =  th e  g re a te s t increase o f th e  ca ro tid  
curve a t  0.01 sec co incid ing  w ith  th e  p eak  o f  th e  

d e riv a tiv e

The calculation was m ade as follows:
stroke volum e

M SER (Mean Systolic E jection  R ate) =  ---------------- ml/sec.
ejection tim e

__  stroke volum e/body surface m2
M SER index =  ' ml/sec.

ejection tim e

T he m ax dCjdt was determ ined  in 44 individuals, am ong whom  18 did 
no t have any  cardiovascular disease, whereas 26 were ill, th e  m ajority
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suffering from coronary a r te ry  disease. T hirteen  suffered from  h eart failure 
du ring  th e  investigation. T he figures varied betw een 545 an d  3200 mm Hg 
p e r sec. F o r com parison, th e  figures ob tained  b y  Gleason an d  B raunw ald 
(1962) in  the left ventricle ranged  between 870 and  3200 m m  H g per sec. 
N e ith er these au thors nor we have found any  re la tion  betw een th e  m axim um  
value of the  derivative an d  th e  degree of cardiac decom pensation. However, 
th e re  was a close correlation betw een the values of the m ax dC/dt and the 
systo lic pressure, as well as betw een the p ro d u c t of the systolic pressure and  
h ea rt ra te  (Fig. 34). In  th e  diagram  the  values representing the  severely 
decom pensated cases are crossed out w ith  a horizontal line. Nevertheless, 
we were unable to  draw  an y  conclusion from  the  location of these points.

F ig . 34. T h ere  is a  close co rre la tion  be tw een  th e  
m a x  dC/dt a n d  th e  p ro d u c t o f  th e  systo lic  p ressu re  

an d  th e  h e a r t  ra te
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F ig . 35. T he  M SE R  an d  th e  m a x  dC/dt a re  
in te rre la ted . T he arrow s in d ic a te  th e  changes 

a f te r  isoprenaline a d m in is tra tio n

There is a strik ing sim ilarity  between these findings and  those of Gleason 
and  B raunw ald (1962).

The correlation betw een the  systolic blood pressure (Ps) an d  the  peak 
derivative (PD) is close and  m ay be described by  the following regression 
line:

PD =  15.3 P s -  254.

Between th e  peaks of the carotid  derivatives and the  systolic pressure 
(m easured w ith  K oro tkoff’s technique) th e  following regression line was 
found:

m ax cLCjdt =  14.9 P s — 1124 .

The regression coefficients of the tw o curves do not differ significantly 
(t =  0.91, p  >  0.20).
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T he correlation betw een the  peak deriva tives (PD) an d  the  product of 
th e  ventricu lar systolic pressure and  th e  h ea rt ra te  (HP)  was:

P D  =  0.157 P s ■ H P  149.

T he following regression line for th e  caro tid  derivative was calculated: 

m ax dC/dt =  0.110 P s — 292.

T here was no significant difference (t =  0.27; p  > 0 .5 0 )  for the tw o re ­
gressions.

T he observations in th e  decom pensated subjects were very sim ilar to  
those seen in com pensated failure; however, except for a  few instances, the  
peak  derivatives were lower th an  the  p roduct of the systolic pressure and  th e  
pulse ra te  (Simonyi e t al. 1968b, Sim onyi 1969a, b, 1971).

T he MSER index an d  the m ax dC/dt were com puted sim ultaneously in 
79 patien ts, in addition , the  effect of isoprenaline was stud ied  in 18 of these 
p a tien ts . These findings are shown in F ig. 35, and th e  changes due to  iso­
prenaline are ind icated  by arrows. T he close correlation between th e  tw o 
indices is obvious.

*

In  sum m ary, our findings ou tlined  above allow th e  following conclusions:

1 .  The value o f th e  m ax dC/dt can be calibrated  b y  the systolic and  
diastolic pressures. T he levels are in th e  same range as those calculated by  
Gleason and B raunw ald, m easured in th e  ventricles.

2. As in the  case o f ventricu lar dpjdt, th e  m ax dC/dt show a close correlation 
w ith  the systolic pressure, and  the  p ro d u c t of the systolic pressure an d  the 
h ea rt rate.

3. The m ax dCjdt an d  the M SER index are in terre la ted  although th e  la tte r  
m easures co n trac tility  using an en tire ly  different principle.

4. The m ax dCjdt an d  M SER index both  increase when isoprenaline is 
adm inistered an d  th e  two param eters  a lter in a parallel fashion.

These observations support our view th a t the  derivative of th e  caro tid  
tracing can be used to  assess changes in m yocardial contractility .
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CHAPTER 3

THE COMBINED USE OF THE AMPLITUDE OF THE FIRST 
HEART SOUND AND THE FIRST DERIVATIVE OF THE 

CAROTID TRACING FOR THE SEMIQUANTITATIVE 
ESTIMATION OF NEGATIVE INOTROPIC ACTION

L aurens (1964), Sakam oto e t al. (1965) and  L uisada e t al. (1971, 1974) 
have dem onstrated  th a t  the  am plitude of the  first h ea rt sound is re la ted  to  
th e  peaks of th e  first derivative of th e  ventricu lar pressure {dpjdt). The 
derived  peaks of the ventricu lar pressure {dpjdt) and  th e  am plitude o f the  
first h eart sound a lte r in th e  sam e m anner to  the  effects of drugs which 
affect inotropism . From  these observations the au thors concluded th a t  
changes in con tractility  influence, or ra th e r determ ine the  am plitude of 
th e  h ea rt sound.

D uring th e  course of our previous investigations it  was found th a t  in 
ex ternally  recorded tracings tak en  sim ultaneously w ith  phonocardiogram s, 
th e  h ea rt sounds reacted  w ith a significant increase in th e ir am plitude a fte r 
positive inotropic in terventions. I t  was, therefore, investigated  w hether 
changes in the am plitude of h ea rt sounds was indicative of d irectional 
changes in the  inotropic state .

The change in the  am plitude of th e  first h eart sound was com pared w ith  
th e  peak of the carotid  derivative to  explore the  possible correlation betw een 
them , th e  type of correlation seen in hea lthy  subjects and  in patien ts suffer­
ing from  ischaemic h ea rt disease, to  see the  changes which m ight occur 
a fte r the  adm inistration  of isoprenaline and  afte r exercise on a  bicycle 
ergom eter.

The recordings were perform ed according to  the  technique described in 
the  preceding Chapters. However, in th is series also the  h ea rt sounds were 
recorded in the  low frequency range. This was done w ith  an  ap p ara tu s  
m ainly  letting  th rough  v ibrations of 25 Hz.

The description of the  details of exercise on ergom eter will be given on 
p. 64.

To evalua te  the  effects of isoprenaline and  exercise a phonotransducer was 
fixed over the  cardiac apex. Care was tak en  to  ensure th a t  th e  m icrophone 
rem ained  in the  same site and  th a t  th e  present pressure d id  no t alter. 
R ecording was m ade a t  rest, 0.5, 1, 1.5, 2, 3, 4 and 5 m inutes after exercise 
and  drug  adm inistration.
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F ig . 36. T he ca ro tid  tra c in g , its  first an d  second  d e riv a tiv es a n d  th e  firs t h e a r t  sound  
(26 H z). T he d e r iv a tiv e  cu rves o f th e  c a ro tid  an d  th e  am p litu d e  o f th e  h e a r t  sound
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change synchronously . T hey  increase as a  re s u lt o f  th e  a d m in is tra tio n  o f isoprenaline. 
(E lem a M ingograph , p ap e r speed: 100 m m /sec) F  =  finger p le thysm ogram
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T he am plitude of th e  first sound was assessed by m easuring the  distance 
betw een the  m axim al an d  m inim al oscillations in five cycles and afte r 
isoprenaline adm in istration . The control values were taken  as 100 per cent 
an d  changes due to  in terventions were com pared to  them . (The results did  
n o t differ greatly  from  those ob tained  w ith  m easurem ents, w ith  only the

positive oscillations being considered.) On 
the  d eriva tive  curves th e  re la tive changes 
of th e  high positive deflections were fol­
lowed.

The investigations were carried out 
p a r tly  in hea lthy  individuals and  p a rtly  in 
p a tien ts  suffering from  decom pensated 
coronary  a r te ry  disease (degree of decom ­
pensation  I I  and I I I  according to  the  
criteria  of th e  New Y ork H eart Associa­
tion).

Following the adm in istra tion  of iso­
prenaline there is tach y card ia  w ith  th e  
caro tid  curve developing characteristic 
features; and  its first an d  second d eriv a­
tives increase in height as does the am p li­
tu d e  of th e  first heart sound  (Fig. 36).

A fter increased ergom etric exercise sim ­
ilar changes were observed. The g reatest 
changes occurred a fte r 0.5 to  1 m inute 
w ith  these param eters gradually  re tu rn ­
ing to  th e  base line (Fig. 37). I t  is n o te ­
w o rth y  th a t  the changes in the  h ea rt 
sound  were more m arked  th an  those in 
th e  deriva tive  peaks.

In  th is  C hapter the  in terrelationship  
betw een the  changes in the am plitude 

of th e  h eart sound an d  those in th e  derivative peaks was exam ined. The 
d a ta  obtained during th e  investigation of 53 individuals were analysed s ta ­
tistica lly . In  20 h ea lth y  individuals an d  in 16 cardiac p a tien ts  the  effects 
of isoprenaline, an d  in 10 healthy  individuals and 7 cardiac p atien ts  th e  
effects of increased exercise were stud ied . The relative changes in th e  deriv ­
a tiv e  and  those in th e  heart sound were followed during various phases of 
th e  effects and  com pared to  each o ther in  382 cases. The overall results are 
shown in Fig. 38.

F ig . 37. C hanges in  a  h e a lth y  
in d iv id u a l a f te r  th e  a d m in is ­
tr a t io n  of 5 jUg isoprenaline. 
T he  am p litu d e  o f th e  f irs t h e a r t 
sou n d  is increased  considerab ly  
a s  is th e  m ax  dC/dt. T a c h y c a r­
d ia  occurs anti th e  pu lse  pressu re  
is w idened. T he effect is over 

w ith in  a  few  m in u te s
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The behaviours of th e  param eters investigated  are closely interrelated. 
This is more striking, if the  changes in  the am plitude of the  h ea rt sounds are 
expressed on a logarithm ic scale (r =  0.62; -p <C 0.001).

A correlation was also found, if the  results were d ivided in to  groups, 
i. e. to  healthy  individuals and to  p atien ts; however, the  resu lts were not 
identical in every case. S tatistically , the greatest differences could be seen 
in the d a ta  after exercise during which an  increase in the  am plitude of the 
h eart sound was g rea ter (Fig. 38; th e  values are m arked  w ith  crosses). 
In  line w ith  our previous observations, it can be clearly seen in Fig. 39 
th a t in the  case of h ea lth y  individuals (Group I), the  m ax dC/dt value is 
increased by 100 per cent or more. In  the  case of p a tien ts  suffering from

u I I I I T I 1 [ 1 I 1 I 1 I 1 r~  ,
25 5G 75 100 50 200 50 300 50 4 0 0  m ax  d C /d t  %

F ig. 38. T he  peaks o f th e  firs t d e riv a tiv e  o f  th e  ca ro tid  tra c in g  an d  th e  a m p li­
tu d e  o f th e  h e a r t sound  ch an g e  in  a  s im ila r m an n e r as a  re su lt o f  th e  in o ­
tro p ic  ac tio n  o f isoprenaline . On th e  abscissa  th e  changes in  th e  m ax  dC/dt 
and  on th e  o rd in a te  th e  changes in  th e  firs t h e a r t  sound  a re  show n. Closed 
circles: h ea lth y  in d iv idua ls . O pen circles: p a tie n ts  follow ing isoprenaline  
ad m in is tra tio n . T hick  crosses: effects o f exercise te s ts  on card iac  p a tie n ts . 

T h in  crosses: those  of h e a lth y  in d iv idua ls
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F ig . 39. I n  G roup  I  (h ea lthy  
ind iv iduals) th e  m a x  dC/dt value 
increases m ore th a n  in  G roup  I I  
(in ease o f ischaem ic  h e a r t  p a ­
tien ts) in  response  to  5 fig iso- 
p rena line . S j  =  firs t h e a r t  sound  

a m p litu d e

5 p-g isoprenoline

F ig. 40. D u e  to  in d iv id u a l v a ­
ria tio n  in  sen s itiv ity , th e  d ia ­
stolic b lood  p ressu re  a f te r  th e  
a d m in is tra tio n  o f  5 fig isopren- 
aline decreases m ore th a n  m ig h t 
be  expected , th e  m ax  dC/dt an d  
th e  a m p litu d e  o f  th e  h e a r t  
sound (S[) a lso  increase b u t  th e  
la t te r  is less m a rk e d  th a n  in  th e  

case o f  h e a lth y  in d iv id u a ls

coronary  a r te ry  disease, who were only 
slightly  decom pensated (Group I I )  the  
m ax dCjdt values were lower w ith  
only one exception. Differences occur­
red  betw een these two groups and  were 
caused by  changes in th e  am plitude of 
th e  first h ea rt sound (Simonyi e t al. 
1971«, b).

Figures 40 to  42 illustra te  cases in 
which th e  ty p e  of response differs from  
th a t  of th e  m ost com m only observed 
ones (shown in Fig. 37).

The changes in th e  am plitude of the  
h ea rt sounds and  th e  m ax caro tid  de­
rivative are in the same direction a l­
lowing us to  check th e  changes in 
these param eters against each other. 
The caro tid  derivative reaches its 
m axim um  during  th e  ejection phase, 
therefore, i t  cannot provide inform a­
tion  abou t th e  pre-ejection period. The 
first h ea rt sound  occurs in th e  preejec­
tion  period an d  it could be regarded as 
a  consequence of th e  dynam ic process 
of th a t  period. Our results are in  accord 
w ith those of L aurens (1964) and  S aka­
m oto e t  al. (1965) supporting  our view 
th a t  dynam ic factors have an  im p o rtan t 
role in th e  origin of th e  first h ea rt 
sound. A t th e  sam e tim e, it is clear th a t  
th e  first h ea rt sound can be used as a 
m easure of th e  inotropic s ta te , and  since 
it clearly originates in the  interior of 
th e  h ea rt during the  pre-ejection p e­
riod, it is m ore independent of periph ­
eral influences th a n  the  caro tid  deriva­
tiv e .T h e  use of th e  phonocardiogram  for 
such an  investigation  resembles m eth ­
ods recording m echanically th e  m ove­
m ents of th e  cardiac apex. These
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m ethods are becoming increasingly im p o rtan t especially since th e ir 
derivatives are also investigated  (Reale 1967, Gleichm ann e t al. 1971). 
The com bined procedure, i. e. the  analysis of the  carotid  derivative an d  the  
changes in th e  am plitude of the  h ea rt sound, seems to  be a very  useful 
m ethod. F igure 37 shows the  m ost common p a tte rn  seen in m any hea lthy  
individuals. B y showing o ther cases, a tten tio n  has been draw n to  th e  fact 
th a t  varia tions in the  p a tte rn  of response give an  insight to  w hat ex te n t the  
cardiac factors are responsible for the  changes and  the  a lte ra tion  o f the  
peripheral resistance. As a  resu lt changes brought about by exercise or 
isoprenaline can be separated  (and sta tis tics  provide significant differences) 
by  haem odynam ic analysis using a com bined technique (Fig. 38). This is 
in line w ith  the  d a ta  in the  lite ra tu re  which s ta te  th a t  the  effects o f iso-

5p.g isoprenaline

Fig. 41. D ue to  vagal effects 
th e  b lood p ressu re  falls m a rk ­
ed ly , b ra d y c a rd ia  develops 
an d  th e  am p litu d e  o f th e  
h e a r t  sound  (S/ )  and  th e  
change in  th e  d eriv a tiv e  
tra c in g  a re  m in im al, th e y  
m a y  even  fa ll below  th e  con- 

values

Sgg isoprenaline

Fig. 42. C hanges in a  p a tie n t 
suffering  from  ao rtic  s te n o ­
sis. D ue to  th e  ac tion  o f iso­
p ren a lin e  th e  am p litu d e  of 
th e  h e a r t  sound  (S / ) in c reas­
es w ith  th e  increase in  m ax  
dC/dt being  less strik ing . 
T here  is a n  increase in  th e  
c o n tra c tility  o f  th e  ven tric le , 
w hile due  to  ao rtic  valve 
stenosis, th e  effect canno t 

reach  th e  perip h e ry
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prenaline resemble th e  haem odynam ic m odifications due to  exercise being, 
however, no t identical w ith  them  (Krasnow e t al. 1964).

I t  can be seen in F ig. 39 th a t  as in th e  case o f th e  derivative of the carotid  
trac ing , the  changes in th e  am plitude of th e  h ea rt sound can help in d if­
fe ren tia ting  healthy  individuals and p a tien ts  suffering from h eart disease. 
The fac t th a t the  am plitude  of the first h ea rt sound and  the  m ax dC/dt do 
n o t change in a parallel fashion, em phasizes th e  lim itations im posed by  th is 
technique. In  spite of th is  it is possible to  o b ta in  a b e tte r understanding  
of th e  s ta te  of cardiac haem odynam ics in p a tien ts  th an  by simple clinical 
means.

*

In  response to  ino trop ic  in terventions b o th  th e  highest derivative of the 
ca ro tid  tracing an d  th e  am plitude of the  first h ea rt sound increase. In  389 
cases th e  variations in th e  two param eters have been com pared. In  bo th  
h ea lth y  individuals as well as in cardiac p a tien ts , a correlation betw een the 
changes due to  th e  effects of isoprenaline an d  exercise on a  bicycle ergo- 
m eter has been dem onstrated .

On the  basis of th e  presen t work, it  can be suggested th a t changes in the 
am plitude of the h e a rt sound  m ay be used as an  index of changes in con trac­
tility .

T he combined use o f th e  two techniques is useful as the response to  each 
m anoeuvre m ay be checked against each o ther. In  certain  cases th ey  can 
also be helpful in d ifferentiating betw een th e  in tra- and  ex tracard iac circu­
la to ry  effects. The first h ea rt sound occurring in the pre-ejection phase 
provides inform ation ab o u t the in tracard iac  events, while the  m ax dCjdt 
poin ts  to  changes in  th e  circulation a fte r th e  opening of th e  aortic valve. 
T he m onitoring tak es  place near th e  h ea rt b u t it is not com pletely free of 
peripheral effects.
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CHAPTER 4

INVESTIGATIONS WITH EXERCISE STRESS AND 
CATECHOLAMINE STIMULATION

IN TRO D U C TIO N

In  th e  previous Chapters it  has been dem onstrated  th a t  th e  first derivative 
of the  caro tid  pulse tracing, and  the  changes in th e  am plitude of the  
first h ea rt sound provide useful inform ation abou t th e  con tractility  
of the  left ventricle. In  th is section the  investigations are discussed which 
were m ade under various clinical conditions. In  order to  te s t the  valid ity  
of our m ethod, the  factors regulating th e  contractility  of the  heart were 
studied, nam ely  the  differences betw een hea lthy  individuals and  patien ts , 
and  th e  possibility to  quantify  these differences.

The circulation of a healthy  individual an d  of a p a tien t w ith  h eart disease 
does not, in m any cases, differ greatly . D ifferent types and  m agnitudes of 
stress loads are therefore necessary to  recognize the m arginal pathological 
states. I t  is, natu ra lly , im portan t to  standard ize the loading conditions; 
param eters which change linearly with th e  loading m ay yield useful infor­
m ation.

The exercise on a bicycle ergom eter was gradually  increased, and  p h arm a­
cological stress was produced by the  adm inistration  of isoprenaline which 
is well know n for its effect on the circulation.

A t first, it was necessary to  exam ine the  responses in a hea lthy  individual. 
The effect of exercise using bicycle ergom eter is discussed on p. 64.

Subsequently, th e  effects of different doses of isoprenaline in healthy  
subjects were dem onstrated . In  both  instances it was found th a t  there was a 
correlation betw een the  m agnitude of the exercise load and  the  dose of the  
drug on th e  one hand, and  the  in tensity  of the  response, on the o ther 
(p. 68).

Using these m ethods, some problems of ischaemic heart and  cardiac de­
com pensation are tre a ted  on p. 90, while on p. 71 hypertension and  on p. 79 
essential hyperkinetic h eart syndrom e are d ea lt with.
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E F F E C T  OF G R A D ED  E X E R C IS E  IN  H E A L TH Y  
IN D IV ID U A L S

T he aim  of these investigations has been to  te s t the behaviour of the  cir­
cu lation  by standard ized  and  g raded  physical work. The results ob tained  
n o t only give a  clear p ictu re abou t th e  physiology of th e  circulation b u t also 
provide an  o p p o rtu n ity  to  use th e  changes as the  basis for understanding 
pathological responses. N um erous d a ta  are available on the  effects of differ­
en t grades of loading on pulse ra te , blood pressure, cardiac ou tpu t, 0 2 
consum ption an d  C0.2 production.

T he ad ap ta tio n  of the  circulatory  system  depends on num erous factors: 
on th e  ty p e  and  du ra tion  of exercise, on sex, age, train ing , as well as on 
env ironm ental factors.

The most com m only used technique is the  tw o-step M aster te s t (M aster 
a n d  O ppenheim er 1929). In  our first investigation a simple ty p e  of 
exercise was used: the  person under investigation steps up and down a 
40-cm-high step  a t  a p redeterm ined  speed. The weight, th e  height an d  the  
num ber of steps per m in give the  size of the  o u tp u t (Simonyi et al. 1963, 
1964).

In  recent years m ethods of exercise have been in troduced  allowing the 
m axim al or subm axim al capability  of th e  exam ined person to  be assessed. 
This is achieved e ither by  graded  exercise, or by calculated  grade of stress 
or by  the  m axim um  pulse ra te  reached, and /o r by 0 2 consum ption; in every  
case, sex and  age should be tak en  into consideration (E ldahl 1934, Eskildsen 
e t  al. 1950, D onald  e t al. 1954, F rase r and  Chapm an 1954, Slonim e t al. 
1954, Mechelke an d  N usser 1955, Holm gren et al. 1957, Mellerowicz 1962, 
Sim onyi e t al. 1964, B ellet and  R om an 1967, E pstein  et al. 1967, E llestad  
e t  al. 1969, Endresz et al. 1971, Hille e t al. 1971, R au tenberg  and H ultsch  
1971, Bruce e t al. 1974, M cDonough e t  al. 1974, L udbrook et al. 1974).

Our com plex m ethod  using th e  m ax dCjdt and  the  am plitude of th e  first 
h ea rt sound (see C hapter 3) b y  sim ultaneously  m easuring blood pressure, 
pulse ra te , ejection tim e, pressure tim e and  m inute index, enabled to  ob tain  
useful d a ta  ab o u t th e  con trac tility  o f th e  heart.

Gorlin e t al. (1962) showed th a t  th e  M SER of th e  left ventricle, in 
o th er words th e  ra tio  of systolic volum e and  ejection time, is th e  first 
param eter revealing the  differences in  th e  regulation of the hea lthy  and 
pathological hearts. V aluable in form ation was expected  from the  behav­
iour of the  m ax dCjdt, w hich a fte r exercise is in close correlation w ith  the 
M SER. In  order to  follow changes in  th e  carotid  tracing  and  its derivative 
a fte r ergo m etric exercise an  ad justab le  head  support was developed on the
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‘E lem a’ ergom eter (Simonyi 1968a). The person under investigation  was in the  
s ittin g  position, his head being supported  by  this device. W ith  a  few ex ­
ceptions, w ith th is setup  curves were obtained which could be evaluated . 
In  norm al cases 200, 400, 600, 800 an d  1200 kg-m force was applied each 
tim e, and  the  experim ent lasted  3 min. The changes in th e  circulation were 
recorded a t  0.5, 1, 1.5, 2, 3, 4 and  5 m inutes afte r exercise; in some cases 
recording was also taken  during exercise.

B lood pressure was exam ined by  noninvasive means. B o th  the  systolic 
an d  diastolic pressure were obtained. The ‘m ean blood pressure’ was calcu­
la ted  from  the  arithm etic  m ean of systolic -)- diastolic pressures. I t  should 
be po in ted  out, however, th a t  we w an ted  to  follow th e  tren d , ra th e r th a n  
th e  absolute values of the  ‘m ean blood pressure’. The calculation of th e  
m ean pressure is dealt w ith  la ter (Chapter 6, p. 132) in w hich th e  m ean p res­
sure is derived from  the  area under th e  curve using a  com puter. In  C hapters 
4 and  5, th e  m ean pressure values were calculated by sim ple means, because 
th e  figures agreed well w ith  those ob ta ined  by  the com puter. V ariations of 
th e  dC/dt produced b y  exercise or 
d rug  were related  to  th e  control 
value (Chapter 1, p. 28), tne  la t­
te r  being tak en  as 100 per cent.
In  some cases the  m ax dC/dt was 
ca lib ra ted  according to  th e  m eth ­
od given in C hapter 2, p. 50.
The pressure tim e per m in index 
(PTM )  was calculated from  the 
m ean pressure x  ejection tim e 
and  th e  h eart ra te . Deviations 
from  th e  values ob tained  during 
rest are given in percentages.

In  th e  following section, d a ta  
of experim ents carried ou t on 70 
hea lthy  individuals of bo th  sexes 
(age 18—44 years) are presented.
Loads of 200 to  400 kg-m  were 
applied  in  bo th  sexes, the  higher 
loads being used only in males.
The 200 to  600 kg-m load was 
to le ra ted  rem arkably  well bu t 
loads larger th a n  these caused 
sw eating and  fatigue.

F ig .  43. E ffec t o f g raded  e rg o m etric  exercise 
(3 m in ) on  m ax im al changes o f  c ircu la to ry  
p a ra m e te rs  in  h ea lth y  in d iv id u a ls . S j  =  a m ­

p li tu d e  o f  th e  first h e a r t  so u n d
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In  healthy  individuals no change in th e  ECG was observed afte r exercise 
(Figs 43 and 44).

Changes were observed in  all param eters im m ediately a fte r the exercise. 
These results can be ta k e n  as identical w ith  those a t the  end  of the exercise.

6(5

Fig. 44. T h e  haem odynam ic  effects o f g raded  ergom etric  exercise 
(3 m in ). S[  — am p litu d e  o f  th e  f irs t h e a r t  sound



Blood pressure: The systolic pressure increased in parallel w ith the m ag­
nitude of th e  exercise: a t 200 kg-m  30.8 mm Hg, a t  1200 kg-m  70 m m  Hg. 
The diastolic pressure show ed hard ly  any  change from  200 to  600 kg-m, 
w ith  greater exercise, however, i t  slightly  decreased.

M ean pressure: There was a  consistent increase b y  10 to  20 mm Hg, a t 
1200 kg-m it was 34 mm Hg.

Pulse rate: A t 200 kg-m i t  increased  by 8.6, a t 400 kg-m  by  34, a t  600 kg-m  
by  47.7, a t 800 kg-m by 63 a n d  a t  1200 kg-m by  70. T he increase was p ro ­
portional to  th e  m agnitude o f th e  exercise.

Ejection time: The greater th e  exercise, the sho rter th e  ejection tim e.
M ax dC\dt: I t  increased w ith  the  size of the exercise, th e  increase being 

greater th an  th a t  in the pulse ra te .
The amplitude of the first heart sound: The same change occurred as has 

been outlined in  the previous param eter, the  increase, however, being 
even greater.

The growth o f the  P T M  is p roportional b u t it is sm aller.
The results of groups exposed to  200 and  400 kg-m were com pared accord­

ing to  sex. There was hardly a n y  difference in the reactions between males 
an d  females. Responses of h ea lth y  young and healthy  older people did no t 
differ significantly when subjected  to  work loads in excess of 400 kg-m (see 
C hapter 4, pp. 72, 92-93).

F ive m inutes a fte r exercise w ith  g reater kg-m the haem odynam ic effects 
have not been completed.

Exam ining th e  results ob ta ined  from  different param eters, these have 
been found to  be in agreem ent w ith  those in the lite ra tu re  and  w ith our 
own previous observations (Simonyi e t al. 1963, 1964, 1968c, Békés e t al. 
1968).

As it can be seen in Fig. 43, th e re  is a sem ilogarithm ic re la tionsh ip  between 
th e  grade of th e  load  and the haem odynam ic effects. A 200 kg-m  load for 
3 m inutes is regarded  as a small one; on the  o ther hand, 1200 kg-m  is alm ost 
equal to  the subm axim al tolerance. The increase in pulse ra te , corresponding 
to  th e  figures in th e  literature, v a ried  w ith  the ex ten t of exercise, a t  1200 
kg-m  almost reaching the m axim um  for the  particu lar age. C oncom itantly, 
th e  ejection tim e decreased, the  m ean pressure increased as d id  the  P T M  
w hich represents th e  ‘afterload’. F ro m  th e  m ax dCjdt and  th e  changes in the 
am plitude of the h ea rt sound it  can  be clearly seen th a t th e  increase in the 
con tractility  of th e  myocardium plays an  im portant role in th e  adaptive 
response to  exercise. Nevertheless, th is  does no t deplete all th e  reserves 
because after adm inistration of isoprenaline contractility  shows fu rther 
increase (Chapter 4, p. 70). *
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The techniques recom m ended by us are suitable to  m easure haem odynam ic 
param eters by  noninvasive means. The indices of co n trac tility  appear to 
be of great value.

This experience ob ta ined  during th e  investigation of h ea lth y  individuals 
w ith  graded exercise encouraged us to  ca rry  o u t fu rth e r com parative studies 
in various circulatory  disorders.

CATECHOLAM INE SE N S IT IV IT Y  IN V ESTIG A TIO N

Catecholamines p lay  an  im portan t role in the  regulation of the  circulation. 
There are m any publications on the effect of sym pathetic  nerve stim ulation 
an d  th a t of drugs adm inistered. The sub ject has become o f greater interest 
since the identification of adrenergic receptors of various types (Ahlquist 
1948, 1973). The alpha-type receptors m ediate changes in the  arteriolar 
tone and thereby  regulate peripheral resistance. The be ta -ty p e  responses 
are characterized b y  positive inotropic actions on th e  m yocardium , this 
being accom panied b y  d ila ta tion  of peripheral vessels (besides the broncho- 
d ilator and o th er effects which do n o t influence the  circulation).

I t  seems justified to  ob tain  an  insight in to  the pathom echanism  of various 
cardiovascular diseases by  using noradrenaline which acts relatively selec­
tively  on the  a lp h a  receptors and  isoprenaline which ac ts  specifically on be ta  
receptors. The changes in different cardiac states in response to  these amines 
m ay allow differences to  be clarified. In  our studies, the  effects of propranolol 
on essential hyperk inetic  h eart syndrom e have been investigated.

In  the  case of noradrenaline K om or and  Polgár (1965a, b) suggested the use 
of an optim um  dose of 5 /jg. In  addition , our m ethod has also been used. In ­
vestigations w ith  propranolol are described later in th is  C hapter (pp. 83,113).

The isoprenaline effect closely mimics th a t  of exercise. There are, however, 
some differences. I t  increases pulse ra te  and  stroke-volum e as well. The 
streng th  of the  contraction  is enhanced, as m ay be seen from  the increasing 
M SER (Bruce e t al. 1958, K rasnow  e t al. 1964, Benchim ol e t al. 1966). 
E ven a very  sm all dose of isoprenaline m ay cause th e  elevation of the peak 
o f the first d eriva tive  of the  righ t an d  left ventricles’ pressure curves (Gleason 
and  B raunw ald 1962). I t  can also be seen from th e  preceding Chapters th a t  
the  first deriva tive  of the caro tid  trac ing  behaves sim ilarly. I t  seemed to  be 
worthwhile to  analyse w ith our m ethod  the  effects of various doses of the 
drug.

To overcom e th e  occasional an x ie ty  every p a tien t received 2 tab lets of 
Seduxen (R ichter; 10 mg diazepam ) 2 hours before th e  test. The pa tien ts 
received th e  drug in the  supine position th rough  an  intravenous cannula
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afte r 15 m inutes of re s t in rap id  injection. The doses were as follows: 
5 /ig noradrenaline (N oradrenalin, R ich ter), 0.5-15 /.ig isoprenaline (Isuprel, 
W in th rop), 0.5 and 5.0 mg propranolol (Inderal, ICI).

R ecordings were m ade according to  th e  techniques described previously, 
and  th e  sam e param eters  were used for investigation. F igure 45 shows 
the  resu lts  of investigations carried ou t in 59 healthy  individuals.

Isoprenaline causes a lte ra ­
tions in the  carotid curve, the 
am plitude increases, th e  p e r­
cussion wave is m oderately  
elevated, th e  t wave becomes 
sm aller and  the incisura is 
found fu rth e r down th e  pres­
sure curve. A similar p a tte rn  
can be seen in the figure of 
K rasnow  e t al. (1964); F reis et 
al. (1966) had the same expe­
rience when analysing the  m od­
ifications of the  carotid tracing  
afte r isoprenaline by an  elec­
tronic com puter. Isoprenaline 
has a slight and not definite 
effect on m ean blood pressure 
and  P T M .

In  p roportion  to the change 
in the dose of isoprenaline, the  
m ax dC/dt an d  tachycard ia  in ­
crease w ith  the  ejection tim e 
shortening (see also C hapter 7, 
p. 151). The m ost sensitive index 
is the  m ax dC/dt, and the sta tis tica l correlation is the highest in th is case.

M any au th o rs  m aintain th a t  in the  ad ap ta tio n  of the circulatory  system  
th e  m ost sensitive factor is th e  pulse ra te  (Blinks and K och-W eser 1963, 
Coveil e t al. 1966, Mitchell e t  al. 1963, Sonnenblick et al. 1966). F rom  our 
results i t  has become clear th a t  in hea lthy  individuals isoprenaline affects 
th e  dCjdt param eter more effectively. Since th is  is a sensitive index of con­
trac tility , i t  is assum ed th a t  th e  drug has a d irect action on m yocardial 
contractility .

Dodge e t  al. (1960), K rasnow  e t al. (1964) and  Ross e t al. (1965), using 
different m ethods, came to  th e  same conclusion. In  the overall effects, the

p.g isoprenaline

Fig. 45. E ffec t o f i.v . isop renaline  on th e  m a x ­
im um  changes in  c ircu la to ry  p a ram e te rs
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ac tion  on the p eripheral tone plays an  im p o rtan t p a r t. The main difference 
betw een exercise an d  th e  action of isoprenaline on th e  circulation concerns 
m ain ly  th is factor. In  th e  la tter, the  m ean pressure an d  the  pressure tim e 
per m inute index (P T M ) being characteristic  for the ‘afte rload’ hardly  in­
crease.

K rasnow  e t al. (1964) have w ritten  ab o u t the  ‘afte rload ’, i. e. the  tension 
th e  ventricular m yocardium  develops as a resu lt of th e  resistance it encoun­
te rs  following th e  onset of ventricu lar ejection. These au thors andB enchim ol 
e t  al. (1966) have described observations being very  sim ilar to ours.

I f  our presen t resu lts  are com pared w ith  those ob ta ined  by  ergom etric 
exercise (described previously), it is no tab le th a t  a t alm ost identical deriv­
a tive  heights th e  pulse ra te  is m arkedly  different.

% Pulse rate
max d C /d t  (min)

i i
Exercise w ith 200 kg-m | -j- 78 I -|- 8.6
2.5 pg isoprenaline j -p 77 I 20.0
Exercise w ith 800 kg-m | -(-187 | -j-63.0
5.0 f i g  isoprenaline t —(-183 -(-20.0
15.0 f i g  isoprenaline —j— 503 j -j-55.0

This m eans th a t  w ith  sm aller exercise and  sm aller isoprenaline doses the 
degree of tach y card ia  is less, w hereas in  the  case of higher exercise stress 
tachycard ia  is g reater. F ifteen pg of isoprenaline increases the derivative by  
503%. Such an  increase could no t be achieved b y  m axim al exercise stress. 
This supports th e  view th a t the  regu lation  of the  h ea rt ra te  and con trac­
tility  is no t m ed ia ted  precisely in th e  sam e way.

In  agreem ent w ith  d a ta  from  th e  lite ra tu re , our observations form  an 
appropriate basis for studying th e  haem odynam ic effects of isoprenaline. 
The m ethod described  here has been found suitable by  us for the investi­
gation of isoprenaline sensitiv ity  in various diseases (Simonyi e t al. 1969, 
Simonyi 1969a-c, 1971, Simonyi an d  Bönsch 1971).

*

The a ltered  sensitiv ity  to  nordrenaline and  isoprenaline as well as to  pro- 
pranol in various circulatory diseases can be analysed by the previously 
described noninvasive method.

The m ax dC/cft readily  responds to  the  haem odynam ic effects of isoprenal­
ine in doses of 0.5 to  15 pg.
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SOME PRO BLEM S IN  H Y P E R T E N S IO N

W hen F ran k  created the  expression ‘hypertension’ in 1911, he m eant the  
increase in th e  tone of the sm all arteries in  th e  whole body; th is is in  con trast 
to  the sym ptom atic  hypertension, especially th a t of renal origin. The precise 
cause of the  increase in m uscle tone has rem ained unclarified. W ollheim  
and  Moeller (1960) express th e  view th a t  although th e  aetiology is no t clear 
as yet, it is a well-defined clinical en tity  in which high blood pressure is the  
dom inant m anifesta tion  being by no m eans the only one. Some au thors 
(Page and Corcoran 1949, W hite 1951, B ilecky 1955) defined ‘essen tia l’ 
hypertension as follows: hypertension is essential if no clearly defined cause 
for the high blood pressure can be established. The au thors agree th a t  th is 
is the  most com m on form o f hypertension. According to  W hite (1951), 95 
per cent of p a tien ts  suffer from  this form  of the hypertensive disease. The 
central nervous system  m ay have an im p o rtan t role in the  pathogenesis and  
perpetuation  o f th e  disorder (Lang 1953, M jasznikov 1952, Gömöri e t al. 
1960, Shapiro 1960) bu t it is n o t the  p rim ary  cause.

The stresses o f life resulting from  the  differences in life style affect the  
organism  prim arily  through th e  central nervous system . F rom  the environ­
m ental (external) factors n u tritio n  and particu la rly  sa lt in take m ight have a 
param ount role (Szabó 1962). Nevertheless, ex ternal factors alone do no t 
cause hypertensive disease b u t a  predisposition in the organism  is im portan t. 
This includes inherited  and acquired factors u ltim ately , reflecting th e  ‘re ­
ac tiv ity ’ of th e  whole body. I t  influences th e  neuro-endocrine system  and  
th rough  it, the  regulation  of blood volum e and  the  tone of th e  arterioles 
affecting both  card iac and renal function.

The clear definition of hypertension is com plicated by  the  fac t th a t  its 
n a tu ra l history has various stages: la ten t, prehypertensive and  labile phases 
w ithout organic change leading to  the final, often  fatal, stage during which 
stru c tu ra l com plications occur.

During the in itia l stages, the norm otensive period is in te rru p ted  only a t  
tim es by  swings o f blood pressure, the so-called ‘one-day hypertension’, 
b u t opinions w hether this leads to  the  developm ent of hypertensive disease, 
are no t uniform (Hines, jr. 1940, G iraud an d  L a to u r 1953, P erera  1955, 
W ollheim and M oeller 1960, Gottsegen and  Török 1961). I t  has been sug­
gested th a t essential hypertension begins w ith  a  long and  sym ptom less phase 
w ithou t hypertension and with non-specific com plaints.

The salt loading te s ts  reveal even a t this stage sim ilarities w ith  the fully 
developed hypertension, particu larly  in m ineral and  fluid balance (Aviram 
e t al. 1965, Polgár an d  Kom or 1973). To cold stresses (Hines 1940) and  to
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noradrenaline adm in istra tion  (Kom or an d  Polgár 1965a, Ъ) the  response 
of these patien ts  resem bles those of ‘hyperreacto rs’.

T he general view (Pickering 1955) is th a t  in hypertension an increased 
peripheral resistance is characteristic ; recen t investigations suggest th a t  in  
th e  early  stages high blood pressure is caused by higher cardiac o u tp u t 
(W idim sky et al. 1967, V arnauskas 1955, E rich  e t ai. 1962, Bello e t al. 1965). 
T he change of h eart regulation  a t  th e  early  stage of hypertension  and, a t  a 
la te r  stage, the  dam age of the  m yocardium  justify  th a t  th e  la tte r ’s role 
an d  th e  reaction of th e  vessels should be investigated  sim ultaneously. Our 
noninvasive m ethod allows us to  carry  o u t such investigations. P o r these 
experim ents individuals who did no t have any  sym ptom s of h eart disease 
were selected.

E F F E C T  O F E R G O M E T R IC  E X E R C IS E

T he effect of ergom etric exercise was investigated  in 29 individuals: 10 
individuals were exposed to  200 kg-m , 15 individuals to  400 kg-m, 2 to  
600 kg-m , 1 to 800 and  1 to  1200 kg-m  load, each for 8 m inutes.

A num ber of the  p a tien ts  who h ad  labile hypertension were a t the  tim e 
o f th e  investigation norm otensive, while the  others were hypertensive. 
T he exercise was carried  ou t w ith  a bicycle ergom eter.

T he exercise was to le ra ted  well by  all patien ts. The ECG recorded during 
exercise did  no t show signs o f ischaem ia.

In  response to  exercise, the  systolic pressure increased. This, however, was 
n o t as m arked as th a t  in  the  hea lthy  individuals. In  some cases, the increase 
reached  60-80 mm Hg. F ive m inutes a fte r exercise, th e  systolic pressure often  
fell below the control value, the  m ean blood pressure behaving sim ilarly. The 
ejection tim e and  th e  pulse ra te  did  n o t show any difference from those of 
th e  healthy  individuals, and  afte r loading th e  m ax dC\dt, in general, showed a 
sim ilar p a tte rn . I t  was no tew orthy  th a t  5 m inutes afte r exercise th e  values 
often  fell below th e  in itia l level. The P T M  rose only in isolated cases to  a 
higher level th an  th a t  of the controls.
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IN V E S T IG A T IO N S  O N  N O R A D R E N A L IN E  A N D  IS O P R E N A L IN E
S E N S IT IV IT Y

In  this section the  results o f  our investigations concerning noradrenaline 
and  isoprenaline sensitivity in  h ea lth y  individuals, in essential hyperkinetic 
heart syndrom e and  a t various stages of essential hypertension  are presented.

According to  sym ptom s, th e  patien ts  were d ivided into the following 
groups:

1. H ealthy  (control) group; 10 individuals w ith  no signs of circulatory  
disease (resting pulse ra te  below 90/min, blood pressure below 140/90 mm 
Hg, no m ention of hypertension in th e  fam ily history).

2. Essential hyperkinetic h e a r t  syndrom e [criteria are given by G ott- 
segen and Török (1962) and b y  Török and M atos (1967)] in 7 patien ts.

3. P atien ts w ith  essential hypertension  who, a t  th e  beginning of th e  in­
vestigation and  on the  previous day , had  no increase in blood pressure (RR 
below 140/90 m m  Hg; 16 patien ts).

4. P atien ts suffering from hypertension  who, a t  th e  beginning of the 
experim ent an d  on the previous days, had a higher th a n  145/95 m m  Hg 
blood pressure (16 patients). T his group was la ter subdivided on th e  basis 
of their reaction to  an tihypertensive drugs.

In  all groups only  those p a tien ts  are included who did  no t show any 
sign r f  congestive h ea rt failure a n d  who, ap a rt from  sedatives, did  n o t take 
any  drug during th e  days before th e  experim ent (for details of the  m ethod 
see p. 68).

The effects of 5 /jg noradrenaline m ay be seen in Figs 46 and  47. I t  is 
clear th a t  in Groups 1 and 2 the systolic, diastolic and  th e  m ean blood pres­
sures showed v irtu a lly  no increase w hereas in Groups 3 an d  4, in o ther words, 
in patien ts having hypertension, th e  increase was s ta tis tica lly  significant.

To a small dose of noradrenaline th ere  was slight b radycard ia , no more 
th an  10/min. In  parallel with th e  fall in the h ea rt ra te  th e  ejection tim e 
lengthened. No change occurred in th e  m ax dC/dt values in any  of the  groups.

The effects of 5 pg isoprenaline are shown in Figs 47 and  48. In  controls 
an d  in hyperkinetics, the  pulse am plitude  increased, b u t th e  m ean blood 
pressure hardly changed. In  hypertension , the m ean blood pressure rose to  
higher values as it  could be seen a f te r  th e  adm inistration  of 5 fig no radrena­
line. This originated in Group 3 p rim arily  from the increase in the  systolic 
pressure. The diastolic pressure decreased in all four groups. W hereas the  
increase in the blood pressure was som ew hat surprising, th e  increase in the 
h ea rt rate , the decrease in the ejection tim e and the elevation of the peak
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Fig. 46. E ffec t o f 5 fig o f iso- 
p rena line  (b lack  arrow s) and  
5 fig n o rad ren a lin e  (em pty  
arrow s) on  th e  systo lic , d ia ­
sto lic  an d  m ean  blood p re s ­
sure. D ue to  th e  effect o f iso- 
p ren a lin e  in  ev ery  group  th e  
systo lic  p ressu re  increased, 
and  th e  d ia s to lic  p ressu re  d e ­
creased. I n  th e  con tro l (1) 
and  in  th e  essen tia l h y p e r­
k in e tic  h e a r t  synd rom e (2) 
g roups th e  an tag o n iz in g  ef­
fects led to  com pensation , so 
th e  m ean  p ressu re  rem ained  
unchanged . I n  G roup  3 (es­
sen tia l h y p e rten s io n  b u t no 
ra ised  b lood p ressu re  du ring  
th e  ex am in a tio n ), and  G roup 
4 (hypertensives) th e  m ean  
blood p ressu re  is  enhanced. 
A fte r  th e  a d m in is tra tio n  of 
n o rad ren a lin e  in  G roups 1 
an d  2, th e  b lood pressure 
rem ained  a lm o st a t  th e  sam e 
level, in  G roups 3 an d  4 it  

increased

Fig. 47. C hanges in  h e a r t  ra te , e jec tio n  tim e  an d  m ax  dC/dt due  to  th e  ac tion  o f 5 fig 
isoprenaline (b lack  arrow s) an d  5 fig n o rad ren a lin e  (em p ty  arrow s). T he four g roups 
a re  as follows: 1 =  con tro l; 2 =  e ssen tia l h y p erk in e tic  h e a r t  synd rom e; 3 =  h y p e r ­
tension  b u t w ith  no  eleva ted  b lood p ressu re  d u rin g  th e  in v es tig a tio n ; 4 =  h y p ertensives
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Fig. 48. C aro tid  tra c in g  a n d  its  d e riv a tiv e  
o f  a  h e a lth y  in d iv id u a l a f te r  400 kg-m  e x ­
ercise, 3 m in  (Siem ens C ard irex , p a p e r  

speed: 50 m m /sec)

of the  carotid derivative a fte r th e  adm inistration  of isoprenaline were 
predictable. There was a  considerable sca tte r around the  m eans in  the  case 
of th e  th ree param eters, and  th u s the  differences were s ta tis tica lly  not 
significant.

E V A L U A T IO N  O F  R E A C T IO N S IN  H Y P E R T E N S IO N

T aylor e t al. (1957), V arnauskas (1955), Sannerstedt (1966) have dem on­
s tra te d  th a t  the blood pressure afte r identical exercise stress rises to  a higher 
level in hypertensives th a n  in norm otensives. Amery e t al. (1967) have in­
vestigated  61 hypertensives w ith  gradual bicycle ergom etric exercises. 
The m axim um  oxygen consum ption, the  cardiac o u tp u t an d  the  increase in 
systolic blood pressure depended on age as it was found in th e  controls. 
In  the  younger age group (19-34 years) there was no increase in blood pres­
sure in hypertensives a fte r exercise com pared w ith the  hea lthy  individuals. 
In  the  older age groups (35-49 and  50-60 years) the blood pressure rose to  a 
higher level th an  in the  controls. In  the medium  group the  circulatory
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reaction  w ith every ty p e  of exercise was identical w ith  those of the nor­
m al controls b u t in the  oldest g roup th e  m axim um  value of th e  cardiac o u t­
p u t was less. The m axim um  oxygen consum ption and  th e  cardiac ou tpu t 
decreased significantly w ith  th e  severity  of the  hypertension. W ong et al. 
(1969) exam ined th e  influence of hypertension on the  m axim um  working 
capacity . They investigated  61 patien ts: 13 were w ithou t com plications, 
15 had  re tin o p a th y  as a com plication, in 22 cases the  com plication was 
h ypertrophy  of th e  left ventricle and  in 11 cases coronary  insufficiency. 
To establish  th e  m axim um  working capacity , th ey  investigated  their 
p a tien ts  by using a treadm ill in which the  slope was increased a t  3-m inute 
intervals. They stopped  the  experim ent if th e  individual com plained of 
fatigue, dyspnoea or anginal pains. The h eart function was continuously 
m onitored w ith  b ipolar chest electrodes. They also stopped  th e  experim ent 
in case of arrhy thm ia . The blood pressure in th e  hypertensive group w ithout 
com plication was a t  least 160/90 m m  H g at rest. The working capacity  of 
th is  group was sim ilar to  th a t  of the  controls. H ow ever, it dim inished 
in com plicated hypertension particu la rly  if there was a h ea rt complication, 
to  the  m ost m arked  ex ten t in cases w ith coronary insufficiency. There was 
no increase of m axim um  pulse ra te  in the  ’no com plication’ group, a sm aller 
increase in th e  group w ith  com plication, and  the  sm allest in th e  coronary 
insufficiency group, sim ilar to  th e  control values. In  th e  last group the 
systolic blood pressure rose only  slightly  w hilst in the  o th er hypertensive 
groups systolic pressure was higher in itially  w ith  a  fu rth e r increase. In  the 
’no com plication’ group th e  diastolic pressure decreased slightly. In  patien ts 
w ith  coronary insufficiency i t  increased slightly.

Levy e t al. (1967) carried o u t detailed  haem odynam ic investigations in 
20 non -trea ted  labile young hypertensives, w ith  treadm ill exercise. They 
m easured cardiac o u tp u t, in tra -a rte ria l blood pressure as well as its first 
derivative. The peaks of th e  first derivative of th e  rad ia l pulse changed in 
parallel w ith  th e  M SER an d  th e  ejection tim e index, th is being corrected 
for th e  pulse ra te . This shows th a t  in controls and  in hypertensives the peaks 
of the  derivatives of the  rad ia l pulse m irror the  co n trac tility  of the m yo­
cardium  a fte r exercise, a lthough  the  m onitoring is g reatly  rem oved from  the 
heart. Among th e  patien ts , th ey  found  in itial cardiac o u tp u t only in three 
cases. All th e  param eters ind icating  the  behaviour of th e  h ea rt ran  parallel 
bo th  in  hypertensives an d  in hea lthy  individuals. These are pulse rate , 
cardiac o u tp u t and  th e  systolic volume, M SER and  the  m ax dCldt. The 
ex ten t of increase was also th e  sam e in the  tw o groups, except the  initial 
level being higher in  hypertensives. The systolic and  m ean blood pressure 
increased significantly. The diastolic pressure, being small, rose only in a
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fraction o f th e  cases. Sarnoff’s ten sio n -tim e index per min value s ta r te d  
from  a higher level increasing to  the  sam e ex ten t as in  the  control group. The 
authors concluded th a t the  vascular hyperreactiv ity  had a dom inan t role 
a t this stage o f the  disease.

Our d a ta  correspond to  those in the lite ratu re . W e obtained an answ er to  
the main question, i. e. the regulation of m yocardial contractility  is sim ilar 
in hypertensives and  in norm als if there is no com plication as far as the 
h eart is concerned. This is in agreem ent w ith  our previous observations, 
th a t  the  m ax dCjdt in patien ts an d  controls rose sim ilarly after ad m in is tra ­
tion  of isoprenaline, any variation  from  th is p a tte rn  indicating com plication 
(Simonyi e t al. 1969, 1970a-e, K om or e t al. 1970, 1971a, b) (see also p. 
96). As was found by Am ery e t al. (1967) we d id  no t find very high blood 
pressure in every  case after exercise. All th e  p a tien ts’ age was over 30 years.

Our presen t results w ith noradrenaline confirm those m entioned in  th e  
In troduction , showing a pronounced increase in blood pressure a fte r the  
adm inistration  o f this catecholam ine. This also seems to  corroborate a  p re ­
vious report of ours th a t  in the early  stage of hypertension (with norm al 
blood pressure) the  adm inistration of 5 fig noradrenaline in one dose can 
separate the  ‘neuro tics’ from those w ith  essential hypertension.

The results w ith  isoprenaline investigations were som ewhat surprising. 
T hey showed th a t  the  effect of catecholam ine selectively stim ulating  the  
beta-adrenergic receptors had  changed in hypertension. In  healthy  ind iv id ­
uals and  in p a tien ts  suffering from  essential hyperkinetic heart syndrom e a 
dose of 5 fig does no t influence m ean blood pressure, in hypertensives it 
causes a significant increase. The m ean is, however, lower th an  th a t  found  
a fte r noradrenaline, using the same dose. This denotes th a t  in these pa tien ts , 
ap a rt from the  alpha-type hyperreaction, on the  effect of isoprenaline there  
is an  increase in blood pressure which is called ‘paradox b e ta  hyperreaction’. 
This is im portan t because after th e  adm in istration  of isoprenaline in th is  
dose, th e  change in  o ther param eters did  n o t deviate from  the p red ic ted  
values, and  there was no variation am ong th e  groups investigated.

P relim inary  investigations were carried ou t to  find th e  righ t dose. The 
m ajo rity  of p a tien ts  received subsequently  0.5, 1.0, 2.5 and  5 fig isoprenaline. 
W ith  the  first tw o doses there was no m easurable change in blood pressure. 
A fter 2.5 fig and  5 fig the  increase was app aren t in the  paradox hyperreac­
tions. F o r reasons discussed later, eventually  5 fig was adm inistered.

I t  is w orth  m entioning th a t a t  the  non-hypertensive stage the elevation of 
the m ean blood pressure in hypertensives is due to  an increase prim arily  in 
systolic blood pressure, whereas a t th e  hypertensive stage the  diastolic 
pressure con tribu ted  as well.
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T he ‘paradox b eta  hyperreac tion ’ in hypertensives could be a  possible 
exp lana tion  of the depressor action of propranolo l (Prichard and  Gillam 
1964) an d  nethalide (Schröder and  W erkő 1964). B oth propranolol and  
nethalide  are beta-blocking drugs. The above-m entioned authors found a las t­
ing vasodepressor effect from  beta-adrenergic-blocking drugs in m ild hyper­
tensives. In  severe cases, propranolol given as an ad junct to  hypotensive 
drugs also produced lowering of blood pressure, th is  being la ter confirmed by  
o th er authors. The m echanism  of action, according to  U lrich e t al. (1968) 
an d  F röhlich  e t al. (1968), is due to  th e  reduction  of cardiac ou tpu t. See 
also C hap ter 5, in w hich th e  finding th a t  guanethidine stops th e  ‘paradox 
b e ta  reac tio n 1, is described, and  C hapter 6, in  which a detailed  analysis of 
th e  act ion of isoprenaline a t  various stages o f th e  disease are presented.

T here is a discussion in the  lite ra tu re  w hether essential hyperkinetic 
h ea rt syndrom e can be regarded  as an  early  stage of hypertension (cf. 
C h ap ter 4, p. 86). O ur investigations show ed th is to  be no t so. In  h yper­
tension  there is an increased sensitiv ity  o f th e  sym pathetic nervous system  
to th e  alpha-receptor s tim u lan t action of noradrenaline and  paradoxically  
to  ty p ica l b eta  s tim u lan ts  which both  p rec ip ita te  alpha-type reaction from  
th e  po int of view of blood pressure regulation. In  essential hyperkinetic h eart 
syndrom e the sym ptom s o f b e ta  sensitiv ity  predom inate (cf. C hapter 4, p. 
86), characterized by  increased systolic volum e, cardiac o u tp u t a t rest, 
g rea te r ‘mean systolic ejection ra te ’ and  th e  m ax dCjdt. A fter slight exercise 
a n d  th e  adm in istration  o f isoprenaline an d  noradrenaline in small doses, 
th e re  is no enhancem ent of blood pressure. This, however, does no t exclude 
th e  possibility of one disease progressing to  th e  other. I t  is quite possible 
th a t  th e  m etabolism  o f the  catecholam ines has a congenital or acquired 
defect and  this is becom ing more ap p a ren t during the  progression of the 
disease and can be m easured in more th a n  one param eter.

*

E rgom etrie exercise was carried o u t in 29 patien ts, in one group during 
th e  norm otensive stage. The haem odynam ic param eters changed in the  
m anner suggested in th e  lite ratu re . In  some cases the  increase in blood 
pressure was g reater th a n  in hea lthy  individuals. The isoprenaline sensi­
t iv ity  experim ents show ed th a t hypertension  per se does no t influence con­
tra c tili ty  of the  m yocardium . The decrease in the reaction m ay indicate a 
cardiac com plication.

Thirty-five cases were investigated  as controls. In  p a tien ts  suffering from 
essential hyperk inetic h ea rt syndrom e and  in hypertensives of various 
stages, the  effect of th e  adm in istra tion  of 5 yg noradrenaline and  5 yg
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isoprenaline, resp., was exam ined. The drugs were given i.v. in one dose and  
injected rapidly. T he effects o f the  drugs were te s ted  on th e  m ean blood p res­
sure, pulse ra te , e jection tim e and  max. carotid derivative (max dC/dt).

From  our experim ents it m ay be seen th a t  in h ea lth y  individuals ca te ­
cholamines do not cause any  increase in the blood pressure, whereas in h yper­
tensives (also in the  early  norm otensive phase) b o th  drugs produce increase 
of blood pressure. O ur results confirmed the  earlier observations, nam ely 
th a t  in hypertension there  is an  alpha-type hyperreaction. During the  action 
of isoprenaline in th e  sam e p a tien ts  ‘paradox b e ta  hyperreaction’ develops 
w ith  the  elevation o f the  blood pressure. This phenom enon could explain 
the  depressant action  of the  beta-receptor-blocking drugs. The o ther p a ­
ram eters did no t reveal any  difference between controls and  patien ts. The 
norm otensive phase o f hypertension on the basis of increased a lpha and  the  
‘paradox be ta  sy m p ath e tic ’ pressure reaction can be separa ted  from  th a t 
of the essential hyperk inetic h ea rt syndrom e where th e  g reater beta-receptor 
sensitivity  dom inates.

SOME PRO BLEM S OF ESSE N T IA L  H Y P E R K IN E T IC  H EA R T
SYNDROM E

A lthough no exact d a ta  are available, it is we 11 know n th a t  the  num ber of 
pa tien ts suffering from  psychosom atic, in o ther words functional, diseases is 
growing all over th e  world. Mechelke and  C hristian (1960) reported  on p a ­
tien ts of nine different cardiac ou t-patien t and  in -p a tien t departm ents. 
Of 22,500 pa tien ts 4000 (17.75%) proved to  be suffering from  a  ‘functional’ 
disease. However, the  percentage varies: C hristian e t al. (1954) in Heidel­
berg and  M aster (1952) in New Y ork found 38.4% , o ther au thors 
(Edw ards and W hite 1934, W hite and  Jones 1931) found only 10%. 
The figure is probably higher th an  th a t  (Simonyi 1963). This clinical en tity  
has a ttra c ted  increasing a tten tio n  since the in itial publications of D a Costa 
(1871) and  Myers (1870) cit. by  Mechelke and  C hristian (1960). I t  became 
clear th a t  the  ‘functional d isorder’ does no t represent a  single en tity  b u t m ay 
have several varian ts. In  one of these w ith  well-defined features, besides the 
‘nervous’ com plaints, th ere  is an  overactive and rap id  h ea rt b ea t w ith  labile 
systolic blood pressure. This was described by Gorlin e t al. (1959), and  Gorlin 
(1962) as ‘idiopathic high o u tp u t s ta te ’, and  la ter ‘hyperk inetic h ea rt syn­
drom e’. The decreased peripheral resistance and increased M SER were con­
sidered to  be characteristic , and  the  enhanced con tractility  of the  m yocar­
dium  was regarded as the  m ost strik ing feature of the clinical picture. Gábor
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(1961), using ballistography, dem onstra ted  th a t  in th is syndrom e the  ratio  
of th e  dynam ic phases of the  h ea rt changes, the isom etric con traction  and  
th e  rap id  ejection being all shortened.

T his problem is still of in terest an d  u nder investigation (G ottsegen and 
T örök  1962, Török e t al. 1963, Török an d  M atos 1967, Juchem s 1964, 1966, 
1969, Juchem s and  K affarn ik  1966, Juchem s and  W ertz 1969, C hristian et 
al. 1966, G raf 1966; G raf and  S tröm  1966, L aberke 1967, S o lt ié t  al. 1968, 
Lohm öller and L y d tin  1969, K álm án  e t al. 1970,K enedi 1970). In  our own 
investigations (Simonyi 1969a-c, S im onyi e t al. 1963a) in th e  m ajo rity  of 
p a tien ts  suffering from  ‘cardiovascular neurosis’ increased cardiac o u tp u t 
an d  systolic volume, decreased peripheral resistance an d  augm ented  cir­
cu lating  blood volum e were found. The investigation of th e  systolic phase 
revealed  th a t the  ra p id  ejection was shortened  com pared w ith  th e  reduced 
ejection. As a consequence of this, th e  h ea rt ejects m ore rap id ly  th e  aug­
m en ted  stroke volum e into the circulation. The increased cardiac o u tpu t 
occurring in the first h a lf of systole m ay be associated w ith  systolic m urm urs. 
T he increased volum e of the  h ea rt is in  agreem ent w ith  these findings 
(Simonyi and  Bogsch 1963). The c ircu latory  param eters in p a tien ts  reveal 
th e  same p a tte rn  a t  re s t as m ay be seen in healthy  individuals afte r minor 
loading (Simonyi 1963a-c).

Since the m ain in te re st is focussed on th e  regulation of co n trac tility  of the 
m yocardium , our noninvasive technique was used for studying  th is  problem. 
T he conclusion was draw n th a t  the  increased function of th e  beta-adrenergic 
system  was responsible for the  a lterations in c ircu latory  param eters 
(Simonyi 1968, 1969a-c, F röhlich  e t  al. 1969), in th e  essential hyperkinetic 
h e a rt syndrom e.

The following investigations were carried  out in p a tien ts  w ith  an  essential 
hyperkinetic h ea rt syndrom e:

Exercise in controls and  in p a tien ts ;
Isoprenaline sensitiv ity ;
N oradrenaline sensitiv ity ;
Propranolol sensitiv ity .

The p atien ts  were selected according to  th e  c rite ria  laid  down by  
Gottsegen and  T örök (1962) and  Török and M atos (1967).
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ERGOMETRIC INVESTIGATIONS

The individuals were tested  for 3 m inutes w ith E lem a ergom eter under 
standard ized  conditions, in the  s ittin g  position and  w ith  400 kg-m  (approx. 
60 w atts). The exercise and  recording were perform ed w ith  techniques de­
scribed in  C hapter 4, p. 64. Seventeen controls and 11 p a tien ts  were inves­
tigated , th e  age varying between 18 an d  30 years (Simonyi e t al. 1968c).

In  th e  controls there was no s tra in  during the  testing period: th e  ECG did 
n o t change b u t the  pulse am plitude increased transien tly . This, however, 
was no t significant. The ascending p a r t  of the  carotid  curve becam e steeper, 
th e  occasional anacrotic notch d isappeared  and  th e  incisura sh ifted  to  a 
lower position. The first positive wave of th e  derivative increased signifi­
cantly , its  negative wave becoming steeper.

Pulse rate: F rom  a mean value o f 83/min (range 64-100) im m ediately 
a fte r exercise it w ent up to  106/min (78—124). After 0.5 m in it was 92/min 
an d  1 m in a fte r com pletion of th e  te s t  i t  re tu rned  to  th e  resting value.

Mean blood pressure: I t  was 106.1 m m  H g (100-112.5) a t  rest, im m ediately 
a fte r exercise it was 121.8 (100.0-142.5) w ith  a  gradual decrease to  reach the 
base line 3 m in later.

M ax dC\dt: Before th e  experim ent i t  was 753 mm Hg per sec (range 420- 
1530) and  it rose to  1431 (723-3750) m m  H g per sec. T hereafter, it decreased 
gradually  b u t 10 m in after com pletion 
of th e  te s t i t  was still higher th an  th e  
base line; The increase im m ediately 
a fte r exercise was 185 per cent (142- 
243) (Figs 49 an d  50).

P T M : F rom  2212 mm Hg per sec 
(1820-2920) a fte r exercise it went up 
to  3117 mm H g per sec (2540-3920), 
th en  it  becam e gradually  lower and  
reached th e  base line a t 10 min. The 
m ean increase was 140.8 per cent 
(120—200). The values are shown in 
Figs 49 and  50.

In  the  group w ith  essential hyper­
kinetic h eart syndrom e, the  exercise 
was well to le ra ted  by  the  pa tien ts w ith ­
ou t any  ECG changes. The p a tte rn  of -pig. 4 9 . T he max dC/dt o f p a tie n ts
th e  caro tid  curve and  its derivative suffering  from  essen tia l h y p e rk in e tic

h e a r t  syndrom e an d  o f  con tro ls  a f te r
was sim ilar to  those ot the controls. 400 kg-m  exercise for 3 m in

81



Pulse rate: A t re s t i t  was 95/min (81—111). Im m ediately  after exercise it 
was 124/min (105-155), by  3 min it re tu rn ed  to  th e  base line. As in the con­
trols, the  mean pulse ra te  in th is group was higher a t  rest as well as afte r 
exercise.

Mean blood-pressure: I t  was 112.3 m m  H g (102-125) a t  rest, going up to  
130 mm Hg (110-140) followed by  a  g radual decrease b y  3 min, nearly reach­
ing the  pre-exercise level, b u t it  d id  no t re tu rn  com pletely to  the original 
level even by 10 min. The m ean blood pressure of th is group was higher th an  
th a t  of the controls.

M ax dCjdt: F rom  1040 mm Hg per sec (700-2750) it rose to  1819 mm Hg 
per sec (800-4190), th en  decreased gradually  w ithou t reaching the base 
line a t 10 min. The m ean of the group was higher th an  th a t  of the controls. 
Because of the  g rea t sca tte r of th e  ind iv idual values th e  difference was no t 
significant sta tis tica lly . The percentage increase was 178 (95-332), there 
being no difference betw een th is value and  th a t  of the  controls.

P T M : 2355 m m  H g per sec (2100-2870) was the  resting  value, and  it rose 
up to  2370 m m  H g per sec (2810-3770). A fter th is peak it  w ent down, being 
close to  the base line a t  3 min. H ow ever, i t  d id  no t reach it a t 10 min. The 
m ean P T M  values were, generally, higher th an  those of the  controls b u t 
th e  differences were statis tica lly  significant only a t  1 and  10 min.

The average increase was 139.5 per cent (124.5—175.5), sim ilar to  th a t  of 
th e  controls (see Figs 49 and 50).

h ea r t  r a f e / min  mean blood max dC/df PTM
p r e s s u r e  mm Hg / s e c  m m H g / s e c  
mm Hg

130 1800 i  3300 i
. ПВО I 3300

120 I 1600 ' 3100
,, I 1500 i 3000 i ' ]

no  ! 130 * woo I 3000
1300 I 3800 I

100 I 130 ! 1200 ! 2700
6 Ö 1100 6 3800

90 110 1000 2500
о 900 2400 0

00 100 800 I 2300
700 2200

2100 
2000 *

C H  C H  C H  C H

Fig. 50. V alues o f  th e  con tro ls an d  o f  h y p e r­
k inetics a f te r  400 kg-m  exercise for 3 m in. 
C =  con tro ls (solid line). H  =  h y p erk in e tic s  

(b roken  line)
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EXPERIM ENTS ON ISOPRENALINE SENSITIVITY

T he results of our experim ents on isoprenaline sensitiv ity  can be seen in 
C hap ter 4, pp. 73-74 and  Figs 46 and  47. In  these experim ents the  5 fig iso­
prenaline in a single dose, injected rap id ly  in hyperkinetics, as in controls, in ­
crease th e  systolic and  decrease the  diastolic pressure. The m ean blood pressure 
decreases slightly. As it has been m entioned previously, th e re  is a significant 
difference com pared w ith  patien ts  suffering from  essential hypertension. In  
th e  la tte r  group the  isoprenaline precip ita tes the increase of the  mean blood 
pressure. The degree of tachycard ia  produced by the drug, the shortening 
of th e  ejection and  the change of th e  m ax dC/dt are uniform  in every group.

In  spite of these, the  reactions of the  hyperkinetics are som ewhat less 
pronounced. This is due to  the  elevated  beta-adrenergic s ta te  found a t  re s t 
in these patien ts.

In  C hapter 7 the effects of various doses of the drug in th is disease are 
discussed. From  the  investigations i t  could be seen th a t  th e  experim ents 
carried  ou t w ith 5 fig isoprenaline separate  ou t these p a tien ts  from  those 
w ith labile essential hypertension (K om or e t al. 1970, 1971«, b).

E X P E R IM E N T S  ON N O R A D R E N A L IN E  S E N S IT IV IT Y

F or results of our experim ents on noradrenaline sensitiv ity  see pp. 73- 
74 an d  Figs 46 and 47.

5 fig of noradrenaline in jected  in a single dose produced a  m oderate in ­
crease in the  systolic, diastolic and  m ean pressures. There was no difference in 
th is  respect between the  controls and  hyperkinetics. H ow ever, the hyper­
tensive groups greatly  deviated  from  th is  p a tte rn . In  the  la tte r  groups the  
sam e dose of noradrenaline caused a pronounced elevation o f the  systolic, 
diastolic and  m ean blood pressures. The drug produced a m inor bradycard ia  
w ith  lengthening of th e  ejection period in all the  groups. The increase in 
m ax dC/dt in the hyperkinetic group was the  greatest (beta-type reaction 
due to  noradrenaline effect), b u t the  sca tte r  was considerable and  the  d if­
ference d id  no t reach sta tis tica l significance (Komor e t al. 1970, 1971«, b).

E X P E R IM E N T S  ON P R O P R A N O L O L  S E N S IT IV IT Y

In  th is  s tudy  0.5 mg and  2.5 mg propranolol (Inderal, IC I) were adm inis­
te red  to  essential hyperkinetic h eart syndrom e patien ts an d  to  controls. I t  
was assum ed th a t  in these patien ts  due to  th e ir increased sym pathetic  tone, 
th e  sm all dose of beta-receptor-blocking drug used m ight provoke changes 
which m ay n o t influence the  circulation of th e  controls.

6* 83



Tw enty-three controls an d  31 patien ts  suffering from  essential hyperk inet­
ic h ea rt syndrom e w ere investigated  (R ausch et al. 1969, Török e t al. 
1969a, b, Matos e t al. 1971). The average age of the controls was 27 years 
an d  th a t  of the p a tien ts , 22 years. The m ale : female ra tio  in the healthy  
group was 11 : 12, an d  in the  p atien t g roup 15 : 16.

In  the  supine position , patien ts were given 0.5 mg an d  2.5 mg i.v. p ro ­
pranolol a t a speed o f 1 mg per m in. A fter the  com pletion of the 
in jection, recordings were taken  according to  the techniques described 
previously.

In  evaluating th e  resu lts s tatistica lly  th e  following questions were con­
sidered:

1. The differences betw een the p a tien ts  and  the  controls a t rest. Pulse 
ra te : controls: 7 7 ± 3 , hyperkinetics: 9 3 ± 3  (p  <  0.001). M ean arte ria l blood 
pressure: controls: 1 0 3 ± 2 , hyperkinetics: 112 ±  2 (p  <  0.01). E jection tim e: 
controls: 29± 0 .6  h u n d re d th  of sec, hvperkinetics: 27 ± 0 .6  (0.02 > p  >  0.01). 
P ressure time: controls: 2347±97 m m  H g per sec, hyperkinetics 2778±108 
(p  <  0.01). MaxclC /dt: controls: 8 5 4 ± 5 4 , hyperkinetics: 1214±109 (pad
feá 0.01).

All param eters te s te d  indicated s ta tis tica l significance.
2. The difference betw een the controls and  hyperkinetics on the effect of

0.5 mg propranolol. In  controls there was no change in an y  of the  param eters. 
In  hvperkinetics th is  sm all dose reduced  th e  heart ra te  (p  <  0.01) and  also 
decreased the dCjdt an d  the P T M  (p  <  0.001).

The difference betw een  controls an d  hyperkinetics was also significant
( p < 0 . 0 1 ) .

3. The difference betw een the  controls and  hyperkinetics after 2.5 mg 
propranolol. In  th e  control group, propranolol reduced th e  heart ra te  sig­
nificantly  (p -< 0.001), and  the pressure tim e index also became shorter 
(p  <  0.001). There was no change in th e  o ther param eters.

In  essential hyperkinesis, all the  param eters were altered  significantly. 
M ean blood pressure: 0.05 >  0.02. Pulse ra te : p  -< 0.001. E jection
tim e: p  <  0.001. P T M :  p  <  0.001. M ax dCjdt: p  <  0.001.

Between the tw o groups there was a  statis tica l difference in ejection tim e 
(0.05 >  0.02) an d  in m ax dC\dt (p  < . 0.01).

4. The possib ility  o f a difference betw een the effect of 0.5 mg and  2.5 mg 
doses.

In  the control g roup  (Fig. 51) th e  only  significant difference was in the 
reduction of the  h e a rt ra te  (0.01 >  p  >  0.001).

In  hyperkinetics there  was a difference in lengthening of the  ejection 
tim e (0.01 > p  > 0 .0 0 1 ) .
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In  some cases propranolol produced changes in the ECG.

1. ST-T deviations, often found in th e  hyperdynam ic circu lato ry  state , 
were seen in 9 of 31 patien ts and  in  3 of the  23 controls. These changes dis­
appeared  after 0.5 and  2.5 mg propranolol.

F ig. 51. C orrelation  betw een  th e  dose o f  In d e ra l and  th e  effects on 
th e  c ircu la tion . I n  hy p erk in e tics  (b roken  line) 0.5 m g In d e ra l p ro ­
duces changes in  haem odynam ics, as seen from  th e  effects on th e  m a x  
dC/dt, P T M  and  m ean  blood p ressu re . T he reac tio n s do n o t in crease  
a f te r  2.5 m g  dose. H ow ever, th e  pu lse  r a te  slow s an d  th e  e jec tion

tim e increases
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2. F requent, unifocal ven tricular ex trasysto les were found in 2 p a tie n ts  
in th e  hyperkinetic group. The ex trasysto les d isappeared  after 0.5 mg pro­
pranolol.

3. In  one hyperk inetic  individual, after 0.5 mg propranolol PQ tim e a t 
re s t (0.18 sec) revealed a transien t lengthening (0.23 sec).

E V A L U A T IO N  O F R E A C T IO N S  IN  H Y P E R K IN E S IS

Our results show th a t  in essential hyperk inetic h ea rt syndrom e there 
are param eters w hich differ from  those found in the  controls even a t  rest. 
The enhanced m ax dC/dt indicates increased con tractility , the pulse ra te  is 
higher, the ejection tim e is shorter and  the m ean arte ria l pressure and  the 
pressure tim e per m in increase. These findings su pport the view th a t the 
d isorder is re la ted  to  the  increased tone of the beta-adrenergic system .

In  exercise w ith  relatively  sm all loads, p a tien ts  were found to  to lera te  it 
well, and their param eters  changed sim ilarly to  those of the controls. In  our 
previous work (Sim onyi e t al., 1963a) it was shown th a t  the p atien ts  were 
unable to  react sim ilarly  to  the  controls when g rea ter loads were used. The 
p a tien ts  appeared  to  achieve g reater cardiac o u tp u t being necessary for 
coping with a g rea te r load by  an increase in pulse ra te  ra th e r th an  by th a t 
in the  systolic volum e. This ad ap ta tio n  has a g reater energy dem and.

Our experim ents w ith isoprenaline were prom ising, because in hyperk i­
netic  heart disease th e  beta-adrenergic system  has a decisive role and  the 
stim u lan t action o f th is drug is ak in  to  the enhanced beta-adrenergic sta te . 
F röhlich  e t al. (1966) found an  increased sensitiv ity  in these patien ts. 
On exam ining th e  pulse rate , Po lgár and  K om or (1972) came to  th e  same 
conclusion. Hence, th ey  regard  th e  p atien ts  as b e ta  hyperreactors in con trast 
to  alpha hyperreactors (i. e. individuals w ith  increased sensitiv ity  to  n o r­
adrenaline, being a t  the  norm otensive stage of hypertension) (see C hapter 4, 
p. 78). They also suggest the  existence of individuals w ith m ixed sensitivity . 
T he 5 fig isoprenaline used in our experim ents could not differentiate the  
controls from th e  hyperkinetice b u t showed th e  division betw een hyper­
kinetics and p a tien ts  suffering from  essential hypertension. In  the  la tter, 
b y  raising the  m ean blood pressure, the isoprenaline creates an  alpha-type 
reaction. This reaction  was reverted  afte r blocking the  alpha-receptors w ith  
guanethidine, i.e. isoprenaline reduced the  m ean blood pressure in hyper­
tonics as well (Simonyi et al. 1970a-e).

The reactions o f the  hyperkinetics after adm in istration  of 5 fig no radre­
naline were sim ilar to  those of th e  controls. However, the m ax dCjdt in the 
hvperkinetics show ed a greater increase. This m ay suggest th a t  the  typ ical
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alpha stim ulato r noradrenaline in this disease acts as a  m oderate be ta  
stim ulan t. This is strikingly different from  those w ith hypertension.

The question emerges w hether hyperkinetic heart syndrom e is re la ted  to  
essential hypertension. G ottsegen and  Török (1962) found th a t  am ong 
p aren ta l relatives of hyperkinetics there were more hypertensives th an  in 
th e  controls. The ra tio  is sim ilar to  w hat is found am ong th e  relatives of 
hypertensives. G ottsegen e t al. (1964) using Jab lons’ angiotensin te s t found 
great sim ilarity  w ith  the reaction type in hyperkinetics and  w ith  th a t  of 
p a tien ts  w ith  essential hypertension.

Our investigations being in  agreem ent w ith  those of o ther au thors have 
revealed m arked  differences betw een th e  two diseases. More evidence is 
needed to  verify the hypothesis th a t  hyperkinetic h ea rt syndrom e m ay 
change in to  hypertension. Moreover, it is neither quite sure th a t  labile h y ­
pertension m ay develop in to  stable hypertension. C hristian e t al. (1966), 
experts in th is  field, deny th e  possibility of hyperkinetic h ea rt syndrom e 
transform ing in to  hypertension. Investigations outlined in  C hapter 7 indi­
cate th a t  in hyperkinetic h ea rt syndrom e, peripheral vasod ilatation  has a 
decisive role in  the  regulation of m yocardial contractility . This rem inds 
us of the experim ents of N aszlady (1967) in which by  th e  reduction  of 
peripheral resistance, a model of the  hyperkinetic circulation could be p ro ­
duced (see also G raf 1966).

The specific blockade of the  beta-adrenergic system  gave an  o p portun ity  
for fu rther clarification. A very  sm all dose of propranolol (0.5 mg), which 
does no t provoke any  changes in controls, normalizes the  raised  param eters 
found  a t rest in  hyperkinetic h ea rt syndrom e. The increase of th e  dose to  
2.5 mg produced no fu rther effect on the param eters.

0.5 mg and  2.5 mg i.v. in jected  propranolol affected only th e  ejection tim e 
being lengthened significantly a fte r 2.5 mg, b u t no t done so a fte r 0.5 mg. 
T he m ax dC/dt decreased afte r 0.5 mg propranolol and th u s  ind icated  more 
sensitively the reduction in con tractility  th a n  did the lengthening of the 
ejection tim e.

Schm idt and  Schmier (1967) have shown in anim al experim ents th a t  the 
negative inotropic action of the  beta-blocking agents is com posed of tw o 
actors: of the  adrenolytic effect of the  catecholam ines sto red  in  t h e  heart, 
an d  of the d irect negative inotropic action on the  m yocardium . This la tte r  
seems to  be independent of the  beta-blocking action requiring 6 tim es the 
beta-blocking dose for it  to  be apparen t. In  our opinion, th e  reduction of 
th e  m ax dC/dt represents th e  norm alization of the contractile force which is 
due to  beta-adrenergic stim ulation  ra th e r th an  to  a pathological reduction 
in  m yocardial force. The beneficial effect of th e  beta-adrenergic-blocking
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agents in this disesase has also been observed by  others. W arketin  and  
V alenca (1965) have found a  reduction  in systolic volum e, cardiac ou tpu t, 
left ven tricu lar ejection ra te  an d  th e  first derivative of its  pressure curve 
(dp/dt), together w ith  an  increase in the  left ven tricu lar ejection tim e and  
th e  peripheral resistance. The hyperdynam ic circulation of th e  hyperkinetic 
individual became nearly  norm al. Bollinger e t al. (1965, 1966, 1967) have 
shown th a t  afte r p a r tia l blocking of th e  beta-receptors, th e  increase in 
h eart ra te  became proportional to  th e  w ork produced. The working capacity  
of the  patien ts  increased and  the  raised  blood flow in the  skeletal muscle and 
the  increased cardiac o u tp u t decreased.

This agrees well w ith  our own observations: a fte r propranolol on loading 
there  is a slight tach y card ia  in hyperkinetics and  th e  increase in blood 
pressure as well as in  m ax dCjdt and  Sj  is smaller.

N ordenfelt (1965) showed th a t  th e  ECG signs due to  alterations in sym ­
pathe tic  tone following postu ral changes could be p reven ted  by  5 mg In- 
deral. Suzm an (1966) s ta te d  th a t  the  ST-T changes which appear in anx iety  
or in  hyperven tila tion  and  postu ral changes can e ither be prevented  or 
g reatly  reduced by  beta-blockade. A fter the  adm in istra tion  of 0.5 mg and  
2.5 mg propranolol it was found th a t  the  ST-T changes, being characteristic 
o f sym pathetic  excess, d isappeared as d id  the  ESs.

K enedi (1970) p resen ted  sim ilar d a ta  on th e  disappearance of the 
m urm urs linked w ith  the  g reater and  accelerated ejection afte r a beta-block­
ing agent (K álm án e t al. 1970). Our experience was sim ilar, too.

0.5 mg i.v. propranolol in hea lthy  individuals leaves th e  circulatory p a ­
ram eters unchanged. A fter 2.5 mg propranolol in  these individuals, there is 
a m arked negative chronotropic effect an d  a reduction  of th e  pressure tim e 
index as well. H ow ever, no negative inotropic action was found and  the  
m ax dC/dt and  th e  ejection tim e d id  n o t change significantly. 5 mg i.v. 
propranolol caused a negative inotropic action in the  controls, as was shown 
by  L yd tin  e t al. (1967). T hey  concluded th a t  in the  hea lthy  hum an h eart a t 
rest there is a beta-adrenergic stim ulation . The effect of th e  catecholam ine 
presen t in the m yocardium  a t rest is m uch less th a n  it  is in hyperkinetic 
h ea rt syndrom e. A fter 2.5 mg propranolol the  peak  value of the derivative 
of the caro tid  curve, which changes in parallel w ith  contractility , does not 
decrease significantly, whereas in hyperkinetics a fte r 0.5 mg propranolol 
there is a m arked  change.

Our results ob ta ined  w ith  the  adm in istra tion  of a beta-receptor-blocking 
agent agree w ith  those published in the  lite ratu re . In  addition, the m ajority  
of the  abnorm al variables of the  circulation could be norm alized w ith  very 
sm all doses of th e  beta-blocker. This h ad  no t been previously recognized.
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Such doses did no t influence the  haem odynam ic variables in the controls. 
The pathogenesis o f the  essential hyperkinetic h eart syndrom e is uncertain . 
Our resu lts support th e  view th a t  in th e  developm ent o f the  disease the  
beta-adrenergic system  contributes by  its  increased ac tiv ity  and this can 
be influenced w ith a very  small dose of propranolol. I t  is th u s no t surprising 
th a t  beta-blocking agents are being used for the diagnosis and  trea tm en t 
of th e  disorder.

K rüger (1967) an d  Solti e t al. (1968) used propranolol to  establish the  
diagnosis in hyperkinetic heart syndrom e and  obtained  good therapeu tic  
effect. Fröhlich e t al. (1966), on the basis of tw o p a tien ts  w ith  exaggerated 
sym ptom s of beta-adrenergic activ ity , described a circulatory  syndrom e 
differing from  the essential hyperkinetic h ea rt syndrom e. I t  is influenced b y  
Inderal. The good th erap eu tic  effect of propranolol and  o ther beta-blocking 
agents was reported  b y  Laberke (1967), K uem m erle an d  F itzgerald  (1968), 
Török (1969) and  Juchem s and W ertz (1969).

On a  short-term  basis, we have had  good results w ith  th is form  of therapy , 
b u t so fa r we cannot be certain  of the long-term  effects.

*

In  p a tien ts  suffering from  essential hyperkinetic h ea rt syndrom e investi­
gations by  complex, noninvasive techniques were carried ou t concerning 
the  effect of (i) 400 kg-m  exercise for 3 m in; (гг) 5 [ig isoprenaline; (in) 
5 ,ug noradrenaline; (iv) 0.5 mg and  2.5 mg propranolol. The results were 
com pared w ith  those in  the  controls.

In  hyperkinetic h ea rt syndrom e, increased beta-adrenergic tone can be 
dem onstra ted  a t  rest. The response to  sm all ergom etric exercise was n o t 
different from  th a t of the  controls. However, 5 /ig isoprenaline separate o u t 
the  disease from hypertension. The same m ay be said abou t noradrenaline. 
0.5 mg propranolol, which has no effect on th e  circulation in controls, nor­
malizes th e  hyperkinetic circulation.

All th is  supports th e  assum ption th a t in th is  disease th e  elevated beta- 
adrenergic tone is characteristic . B eta-blocking agents have a good th e ra ­
peutic effect in the syndrom e of essential hyperkinetic circulation.
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SOME PR O B LEM S OF CARDIAC F A IL U R E

C ardiac failure is a cen tra l problem  of the  m edical sciences, since it  
lim its the  hum an produc tiv ity , m oreover, hum an life, s ta ted  Sehwiegk 
an d  R iecker (1960) in a m onograph on the  pathophysiology of cardiac 
failure. The ancient m edical descriptions show th a t the  clinical m anifesta­
tions and  the sym ptom s of th e  h ea rt’s insufficient working capacity  appear 
in o th er organs or groups of organs. W ith  th e  deterioration of the peripheral 
c ircu lation  the changes o f respiration, k idney  function, th e  working capacity  
o f th e  skeletal muscle, th e  d isturbances of the  salt and  m ineral balance w ith  
oedem a appear often earlier th an  th e  reduction of the  cardiac function 
w hich is very difficult to  recognize. In  1894 Osier (cit. bv  Bing e t al. 
1968) did not deal w ith  cardiac failure in a separate  chap ter b u t he 
very  well described th e  sym ptom s: “ One does no t know w hat is going on 
inside these hearts b u t th ey  lose th e ir reserve energy and  w ith th is the  
capac ity  to  m ain tain  th e  circulation on heavy load .” The full explanation  
is still wanting, there  being m any conceptual differences. Bing e t al. (1968) 
could n o t answer th e ir own question w ha t cardiac insufficiency is. This is so 
because there are im p o rtan t technical lim itations and, in addition, there 
m ay  n o t be a simple single answer.

“ I t  is generally agreed th a t  h eart failure is the disease s ta te  in which an 
abnorm ality  of m yocardial function is responsible for the  h e a rt’s failure to  
pum p blood a t a ra te  com m ensurate w ith  the  body’s requ irem ents” , said 
Pool and  B raunw ald (1968). T hey em phasized th a t th e  basic m echanism s 
have no t yet been clarified.

Cardiac failure in m an is a general term  em bracing a  wide spectrum  of 
clinical forms. I t  is very  difficult to  grade and com pare them  w ith  each 
o ther. The difficulties are also m entioned by others (Reindell 1968, 
W ollheim  1968, H ech t 1968).

P roxim al to  the  affected p a r t of the  heart congestion (backward failure) 
occurs b u t the diseased h ea rt is unable to  cope w ith  the  dem and of the 
a rte ria l side e ither (forward failure). Göm öri (1955) is correct in saying th a t  
th ere  is a failure in areas proxim al as well as d istal to  th e  heart. I t  is im ­
possible to  categorize heart failure sim ply as either ‘forw ard’ or ‘backw ard’. 
T he tw o forms alm ost always coexist: ‘backw ard fa ilu re’ is the  conse­
quence of ‘forw ard fa ilu re’.

“ Clinically, h ea rt failure is usually recognized when there  are sym ptom s of 
congestion. B u t no t all h eart failure patien ts  have congestive h ea rt fail­
u re” . . . “ it is reasonable to  d ifferentiate between the pum p function of the 
whole heart and  th e  muscle function  of the  m yocardium ” (Roskam  1974).
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M echanical factors, among them  m yocardial hypertrophy , play an  im ­
p o rtan t role in the  genesis of h ea rt failure. The hypertrophy  is in itia lly  
com pensatory to  m eet the increased dem and, b u t m yocardial efficiency 
does, nevertheless, decrease (Meerson 1965, Chidsev e t al. 1966). Spann e t al. 
(1967) b y  constricting the pulm onary arteries of th e  ca t produced first 
hypertrophy  of th e  righ t ventricle and  th en  cardiac failure. In  either case 
the con tractility  of the  isolated fibres of th e  h eart decreases. In  the isolated 
papillary  muscle, the  m axim um  velocity  of the fibre shortening (F max) 
is reduced, as is th e  m axim um  isom etric tension (P0). These changes were 
more pronounced if cardiac failure developed.

Sim ilar studies were undertaken  by  K ram es e t al. (1967) and  Spann e t al. 
(1967) in undam aged  hearts. I t  appeared  th a t hypertroph ied  muscle 
in toto was able to  m aintain  com pensation for a long tim e.

A great num ber of studies have been m ade on the u ltras tru c tu re  of th e  
m yocardium  in hea lthy  individuals and  in p atien ts  w ith  cardiac failure. 
The chronic m yocardial ischaemia due to  th e  disease of th e  coronary vessels 
causes lasting hypoxia and  heart failure develops even w ithou t ex tra  load­
ing. I t  is quite obvious th a t afte r in farction provoked b y  acute or chronic 
antecedents a p a r t  of the m yocardium  does no t contribu te to  the work of 
the  heart, the  rem aining m yocardium  having to  perform  greater work. 
However, th is o ften  cannot be achieved because hypoxia dam ages the in tac t 
m yocardium  as well. An extensive research is centred on clarifying the b io ­
chemical background of cardiac failure. I t  was assum ed th a t  there is a d is­
order of energy production (Szekeres an d  Schein 1959, G ertler 1961, 
Schw artz and  Lee 1962, W ollenberger e t al. 1963, Argus e t al. 1964). O thers 
believe th a t the  fau lt is in the storage of energy (Furchgott and  De Gubareff 
1958, F u rchgo tt a n d  Lee 1961, Feinstein 1962, F leckenstein 1964, Fox e t 
al. 1965), while some others th a t  it is in th e  transfo rm ation  of the energy 
to  work (Olson 1959, M inton e t al. 1960). Nevertheless, B uckley an d T su b o i 
(1961) and  Bing (1965) found no abnorm ality  in this process. The ATPase 
present in the  contractile  myofibrils m ight have an im p o rtan t role. The 
decrease of th is enzym e was reported  by  Chandler e t al. (1967) and  Pool 
and  B raunw ald (1968), and  these au thors consider this an  explanation for 
the  reduction in th e  velocity of all energetic processes. Their hypothesis is 
th a t  in cardiac failure th e  liberation of calcium  from  th e  sarcoplasm ic re ti­
culum  is insufficient, and  as a consequence, th e  activation  of th e  contraction 
is inhibited.

A significant role was also a ttr ib u ted  in producing h ea rt failure to  the  
adrenergic nervous system . Some difficulty has arisen from  th e  fact th a t  
there is still no agreem ent on the param eter, th e  changes in which are specific
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in defining cardiac failure. Moreover, th e  m easurem ents are also biassed 
by  psychological im pulses. Reindell (1968) recom m ends th e  use of the  speed 
of th e  pressure developm ent (dp/dt) an d  the  spiro-ergom etric m ethods. 
The complex noninvasive technique recom m ended by  us seemed to  be 
highly suitable for study ing  the  pathom echanism  of cardiac failure because 
it can be applied for following changes in  the  con tractility  of the m yocar­
dium , th is being th e  focal po int o f th e  whole problem.

E F F E C T  O F  E X E R C IS E

400 kg-m load was applied for 3 m in in  controls and  in p atien ts  suffering 
from  ischaemic cardiac failure, and  th e  difference in m ax dCjdt values was 
n o ted  (for technique an d  calculation see C hapter 4, p. 64).

In  the  control group, there were 13 individuals betw een th e  age of 50 and  
70. The 14 p a tien ts  w ith  ischaemic h ea rt failure were selected from persons 
o f sim ilar age who reacted  w ith an  effort angina; th e  m ajo rity  also had  
positive ECG changes. N evertheless 400 kg-m  load did n o t p recip ita te  these 
sym ptom s. The m em bers of this group of patien ts a t  th e  tim e of th e  ex­
perim ent had  a  com pensated cardiac failure. The du ra tion  and  the  severity  
o f the  disease varied.

Elderly healthy individuals

All of them  carried  o u t the te s t w ith o u t difficulties, there  were no ECG 
abnorm alities. The caro tid  pulse recording before exercise showed th e  p a t ­
te rn  characteristic for th is age as is well known from  the  literature .

Pulse rate: Before exercise i t  was 79/min (55-93), i t  rose to  92/min (70- 
125) and  one m inu te afte r exercise it  w ent back to  th e  in itia l value. T here 
was a  sm aller increase in pulse ra te  com pared to  th a t  in the  younger age 
group (see C hap ter 4).

M ean blood pressure: 114 m m H g  (95-125) before exercise, im m ediately 
a fte r exercise it was 132 mm H g (107-160), then  3-5  m inutes a fte r com ­
pleting the exercise it re tu rned  to  th e  base line. The m ean blood pressure 
before and during th e  exercise was higher in the older group (see C hap­
te r  4).

M a x dCjdt: A t rest 794 mm H g p er sec (362-1150), im m ediately a fte r 
exercise 1392 m m  H g per sec (795—2272), then  it g radually  decreased; 10 
m inutes afte r testin g  it was still above th e  base line.

The m axim um  increase was 184 p er cent (130-390). There was no differ­
ence between th e  older and th e  younger age groups.
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P T M : A t rest 2260 mm H g per sec (1240-3180), im m ediately a fte r 
exercise it  was 3050 mm Hg per sec (2140-4590), th en  it g radually  d e­
creased to  reach  the base line.

The m axim um  increase was 137.3 per cent (114.5-171.0), there being no 
difference betw een the older an d  the  younger individuals.

The p a tien ts  to lera ted  the exercise well, there was no aggravation o f the 
ischaemic ECG findings. On the  caro tid  tracing  anadicrotic angulation  
and  irregular p a tte rn  of the  derivative were found even before exercise (in 6 
p atien ts  of th e  controls). These changes were worse and  occurred more 
frequently  a fte r exercise (in 8 cases, com pared to  1 in the  controls) (Fig. 52).

Pulse rate: F rom  74/min (56-87) it rose to  95/min (72-122), one m inu te 
la te r it becam e normal. There was no deviation from  th a t  of the control 
group.

Ischaemic cardiac failure
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F ig . 53. E ffec t o f  exercise (3 m in , 400 kg-m ) on th e  pu lse  ra te , 
m ean  blood p ressu re , m ax  dC/dt an d  Р Т Ы .  T he m ain  difference 
betw een  th e  tw o  g roups w as fo u n d  in  th e  dC/dt. C =  o lder 
con tro ls  (solid line). I  =  p a tie n ts  w ith  ischaem ic h e a r t  d is ­

ease (b roken  line)
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Mean blood pressure: The base line was 115.2 mm Hg (95.0-132.5) from  
th a t  it w ent up to  132.3 mm H g (105-160) while gradually  decreasing in th e  
5 th  m inute, i t  re tu rned  to  the  base line. Between controls and  p a tien ts  no 
difference was found.

M ax dCjdt: F rom  632 mm Hg per sec (266-1100) it rose to  930 m m  Hg 
per sec (370-2400), then  it decreased gradually , reaching the  base line 10 
m inutes later. The m axim um  increase was 143% (80-240) (see Fig. 54). 
B oth  th e  value a t rest and the  increase afte r exercise were less th a n  th a t  
found in th e  control group.

P T M : 2200 mm Hg per sec (1530-3160) a t  rest, going up to  3208 m m H g  
(2420-4280) im m ediately afte r exercise, and  coming down to  th e  base 
line in th e  10th m inute. The increase was 150.1% (117.5-199.5). The value 
a t  rest was th e  same in bo th  groups, in the  p a tien t group it rose som ew hat 
higher. The only difference betw een th e  tw o groups was a slower no rm al­
ization in th e  patien ts.

The d a ta  in th e  ischaemic group can be seen in Figs 53 and  54 (Békés e t al. 
1968, Simonvi 1971).

IN V E ST IG A T IO N S ON N O R A D R E N A L IN E  S E N S IT IV IT Y

As in th e  investigations described previously, the  patien ts  received 5 pg 
i. V. noradrenaline in a single dose in th e  supine position.

The experim ents were carried o u t in 12 patien ts w ith  decom pensated 
cardiac failure. Of the 12 patien ts, 11 h ad  ischaemic card iopathy  and /o r 
hypertrophic cardiom yopathy, in one case there was a  com bined m itra l 
valve defect.

A t every  0.5 min afte r the  adm in istra tion  of noradrenaline, pulse ra te  
and  blood pressure were m easured. In  11 cases noradrenaline increased th e  
blood pressure, in one case it lowered i t  by  20 mm Hg. In  4 cases g reater 
th an  20/15 m m  H g increase was found in the  blood pressure (50/20, 60/30, 
40/30, 75/20). The pulse ra te  rose slightly  in all b u t one case; in the  case 
which behaved exceptionally pronounced tachycard ia  was found (Vass e t al. 
1972).
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INVESTIGATIONS ON ISOPRENALINE SENSITIVITY

T he experim ents were carried ou t as described on p. 68 of C hapter 4. 
T he values in Tigs 55 an d  56 show the  m axim um  changes w ith  respect to  

th e  effect of the drug. The experim ents were perform ed in controls and  in 
decom pensated cardiac patien ts, the  la tte r  showing different grades of de-

Fig. 55. R ela tiv e  change in  th e  m a x  dC/dt, changes 
in  e jec tio n  tim e, pu lse  r a te  a f te r  2.5 f i g  isopren- 
a line . T h ere  is no m ark ed  d ifference betw een  th e  

tw o  g roups. I  =  contro ls. I I  =  card iac  p a tie n ts

com pensation. F o r controls, individuals were selected w ithout h istory  or 
sym ptom s of card iac disease. Some of them , however, had  higher blood 
pressure. The g rade of decom pensation was established according to  th e  
classification of th e  New Y ork H eart A ssociation. The isoprenaline (Isuprel, 
W inthrop) was given i.v. in single non-cum ulat ive doses of 2.5 fig and 
5 fig, respectively.

2.5 fig dose was given to  12 controls an d  12 cardiac patien ts; 5 fig was 
adm inistered to  30 controls and  16 cardiac patien ts. At rest there was no 
difference betw een th e  two groups as fa r as h ea rt ra te  and  ejection tim e 
were concerned, whereas the  m ean blood pressures of the  patien ts were 
higher. This m ight be due to  the fact th a t  ischaemic h eart disease is often 
associated w ith  hypertension. In  th e  control group individuals w ith  in­
creased blood pressure showed sim ilar resu lts to  those of the  o ther individuals 
in the group.
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A fter the adm in istra tion  of 2.5 fig isoprenaline th e  responses o f bo th  
groups were sim ilar (Fig. 55).

After a dose o f 5 pg, there was a significant difference (Fig. 56) which 
could be best seen in the p a tte rn  of th e  m ax dCjdt change. O ut of 30 ind i­
viduals w ithou t cardiac disease, the  increase was g reater th an  100 per

F ig . 56. C hanges o f dG/dt, e je c tio n  tim e , pu lse  ra te  
a f te r  6 pg  isoprenaline. T he m ax  dC/dt increases 
m o re  m ark ed ly  in  th e  co n tro l g ro u p  th a n  in  th e  
p a t ie n t  group . I  =  con tro ls . I I  =  card iac  p a tie n ts

cent in 28 cases, w hereas among 16 decom pensated cardiac patien ts  it  was 
only greater in 2 cases. These two were lower th a n  180 per cent being the  
average increase found  in the controls. In  p a tien ts ’ group, the  greatest 
increase was 131 per cent, whilst in  th e  control group, it was 330 per cent. 
There was a m arked  difference in th e  ejection tim e as well. In  the  control 
group, its shortening was more pronounced. A lthough th e  deviation of 
m eans was s ta tis tica lly  significant, th ere  was an  overlap in  th e  individual 
values.

B lood pressure was n o t substan tially  different in the  tw o groups, how­
ever, in the  controls, th e  widening o f th e  pulse am plitude was more prom i­
nen t. The acceleration of the  heart ra te  was m ore or less th e  sam e in bo th  
groups. In  a few cases th e  tachycard ia  was more m arked (72 an d  60/min).
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In  healthy  individuals, bo th  isoprenaline doses increased th e  pulse ra te  
by  20/min, while th e  increase of th e  m ax dCjdt was g reater a fte r the higher 
dose. In  patien ts, th ere  was hard ly  any  change afte r doubling the dose.

E V A L U A T IO N  O F R E A C T IO N S  IN  C A R D IA C  F A IL U R E

The cardiac o u tp u t o f patien ts  w ith  h ea rt disease did  no t deviate from  
th a t  of the  norm als a t  rest in every  case. S tead e t al. (1948) found th a t  
cardiac ou tpu t, in 82 per cent of th e  controls, was higher th an  4.51 per min, 
whereas in 48 p a tien ts  w ith chronic cardiac failure, in 78 per cent, i t  was 
lower. I t  m ay be expected  th a t  the  cardiac o u tp u t in severe decom pensation 
is less, b u t it is g reater th an  m ight be an tic ipated  from  th e  clinical p ictu re 
as claimed by Schwiegk and  R iecker (1960). H arrison (1935) found in a 
few decom pensated p atien ts  g rea ter cardiac o u tp u t th an  in norm als. Beside 
th e  ‘low o u tp u t h ea rt failure’ a  new concept, the  ‘high o u tp u t h eart fa ilu re’ 
has thus developed (McMichael 1947).

In  any event, barring the  m ost severe cases, the  cardiac o u tp u t change 
a t  rest is no t a d istinc t feature in m ost cases of h eart failure. I t  is agreed 
th a t  more inform ation can be ob ta in ed  by  m easuring the  behaviour of the  
h ea rt in exercise under various stress conditions. I t  was concluded th a t  
cardiac o u tp u t an d  the  systolic volum e were inadequate and  less th an  in 
controls. H ickam  and  Cargill (1948), Messer et al. (1962), Gorlin et al. (1962). 
Levine et al. (1962), B inckelm ann e t al. (1963), Messer et al. (1963), Gorlin 
e t al. (1964) showed th a t  the  M SER  index, which is systolic volum e/ejection 
tim e is characteristic of the  co n trac tility  of the  m yocardium  a t rest, and  
of the  reactions to  loading. In  case of ad ap ta tio n  the  increase of M SER  
is g reater in controls th an  in p a tien ts . I t  has already  been shown th a t  
th e  peaks of th e  first derivative of th e  carotid  tracing  change in parallel 
w ith  the  M SER. On the  basis o f th is observation the  problem  w ith  the 
form er m ethod has been exam ined.

At the tim e of the  experim ent our patien ts  were in a com pensated sta te . 
However, th ey  had  m yocardial dam age as m ay be surm ised from  the  
presence of ischaem ic h ea rt disease. Taking this po in t into consideration, 
a  small load was applied which, according to  our previous experim ents 
(Chapter 4, pp . 64, 92-93) caused an increase in pulse ra te  and  a  slight 
elevation in m ean blood pressure an d  m ax dCldt. The sam e load in ischaemic 
cardiac p a tien ts  d id  no t produce angina or the developm ent of ischaem ic 
signs on the  ECG (Békés 1966, 1967). The selected 60 W att (400 kg-m) o u tp u t 
lasting for 3 m inutes com plied w ith  the  conditions. The pulse ra te  and  the
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blood pressure changed in parallel w ith b o th  the  control and the p a tien t 
group indicating th a t  the load was not excessive for th e  patients.

The blood pressure in the controls aged 50 to  70 years was slightly  higher 
th an  in the  younger control group. However, there  was no difference in 
pulse ra te , ш ах dCjdt and  in PTM . In the ischaem ic h ea rt disease th e  in ­
creases in pulse ra te  and  blood pressure were sim ilar to  those of the controls. 
The main difference was found in the m ax dC\dt w hich is an index of m yo­
cardial contractility . The m ean for the p a tien t group was lower a t rest and 
the increase after exercise was substantially  lower th an  in the control group. 
The m ethod used by  us dem onstrated  the disorder of the  m yocardium  with 
small load and  no o th er m ethod was suitable to  achieve this.

Sarnoff’s P TM  index (1955) reveals a g reater increase in the p a tien t group, 
b u t th is  increase com pared to  the  controls is n o t significant. W ith  a greater 
load the  difference becomes more pronounced (Gábor e t al. 1964a-c).

In  the  carotid trac ing  in pa tien ts the anadicrotic angulation and  irregular 
derivative are more com m on findings. These a lterations a fte r exercise were 
more m arked, ind icating  in p a r t  the increasing resistance of the  periphery  
(Dontas e t al. 1961, Freis e t al. 1966, G aderm ann and  Jungm ann  1964, 
N aszlady 1967), and  in p a r t the intrinsic disorder of th e  m yocardium  as well 
(Simonyi e t al. 1968a).

The patien t group was not homogeneous. This m ay explain the  differences 
in the haem odynam ic param eters. Some of the p a tien ts  behaved in a sim ilar 
m anner to  the controls, and  more th an  half of the group deviated  from  
those, th is being reflected by the sm aller increase in m ax dC/dt. A t rest, 
there was a difference only in the two means, and  th e  individual values 
revealed a large sca tte r. A fter exercise the p a tien ts  w ith  pathological re ­
actions were dem arcated  from the controls. There was a reproducibility  of 
reactions in the same individuals. The more severe the  disease the more 
severe were the reactions.

Our findings prove th a t  afte r a small load, th e  co n trac tility  of the m yo­
cardium  is the same in th e  younger and older hea lthy  individuals. However, 
m yocardial con trac tility  in ischaemic heart disease is abnorm al.

Catecholamines have a  prom inent role in the  regulation of circulation 
(Raab 1960, M oran 1963, Valori et al. 1967). The in terest in th is problem  
was generated by  th e  discovery of different types of adrenergic receptors 
(Ahlquist 1948). One p a r t  of our investigations deals w ith  the  alpha-receptor 
stim ulan t noradrenaline, and  the second p a r t w ith  th e  beta-recep to r s tim u ­
lan t isoprenaline.

Chidsey e t al. (1962) dem onstrated  th a t in cardiac failure, as a sym ptom  
of increased sym pathetic  activ ity , the circulating noradrenaline in blood
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increases and  its excretion  in urine is g rea ter th an  in norm als. Chidsey e t al. 
(1965) have also show n th a t in muscle rem oved during operation  the  nor­
adrenaline reserve is dim inished. Chidsey e t al. (1964) and  Spann e t al. 
(1965) described sim ilar findings in an im al experim ents. The ac tiv ity  of the 
ty rosine hydroxylase enzyme, which influences the  speed of th e  no rad re­
naline synthesis, decreases (Pool e t al. 1967).

The effect of 5 fj,g noradrenaline in h ea rt failure was exam ined, and  follow­
ing the experim ents of K om or and  Polgár (1965«, b) investigations were 
carried  out a t  various stages of hypertension  and  essential hyperkinetic 
h e a rt syndrom e. In  agreem ent w ith  previous observations it was found th a t 
in  the  early phase of hypertension th e  p a tien ts  react w ith  a  g reater increase 
o f blood pressure, w hilst in controls an d  hyperkinetics hard ly  any  change 
is apparen t. There is b radycard ia  an d  alm ost no change in m ax dC/dt.

I t  was concluded th a t  the  effect of noradrenaline on th e  blood pressure 
is independent of th e  decom pensation of th e  heart. In  cardiac p a tien ts  there 
were some who behaved  like ‘hvperreacto rs’ and  others as ‘norm oreactors’. 
In  the  group of decom pensated p a tien ts , unlike those in th e  o th er groups, 
pulse ra te  increased m oderately. In  one p a tien t (К . V., 78-year-old female) 
a fte r 5 gg noradrenaline the  pulse ra te  rose from 92 to  160 a t  0.5 min. I t  
th en  decreased g radually  and  a t  5 m in it  was 90/min.

In  order to  investigate  the  role of the  beta-receptors, it  was found th a t 
isoprenaline im ita tes closely (but n o t exactly) the effect of exercise on the 
circulation (K rasnow  e t al. 1964, Bruce e t al. 1958). I t  thus becam e of 
in terest to  investigate  w hether th e  sensitiv ity  to  isoprenaline changed in 
cardiac decom pensation. The effects of 2.5 /tg were identical in th e  controls 
and  in patien ts  b u t a fte r a 5 fig dose there  was a clear separation  between 
the  two groups.

The m ax dC/dt m ay  be e levated  following an ex trasysto le  an d  in a tria l 
fibrillation, in th e  la tte r  th e  height of the  peaks being variable. The peak 
of the derivative was higher in p a tien ts  w ith a pacem aker w ith  fixed heart 
ra te . These observations were also m ade by  au thors using different tech ­
niques (Ross e t al. 1965, Benchim ol e t al. 1966). F rom  th is it m ay be inferred 
th a t the increase of ino tropy  is independent of changes in the  h ea rt rate . 
Our previous findings, nam ely th a t  th e  drug does no t ac t sim ilarly  on pulse 
ra te  and m ax dCldt, appears to  confirm th is suggestion. W ith  th e  increase 
in pulse ra te , th e  tim e of ejection shows a consistent decrease (Willems and 
K esteloot 1967).

According to  K rasnow  (1971), isoprenaline alters the  haem odynam ics 
in heart failure tow ards norm al. E llio t e t al. (1963) and  Dodge e t al. (1960) 
did not find any  difference in th e  response of hea lthy  individuals and  p a­
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tien ts  w ith  h ea rt failure given isoprenaline. This agrees w ith  our observa­
tion, i.e. there was no variation in th e  reactions of p atien ts  and  controls 
afte r 2.5 (wg isoprenaline. The technique used by  us allows the  m onitoring 
of very  rap id  effects on the circulation. Thus it was found th a t  afte r 5 pg 
isoprenaline the responses of the tw o groups were clearly separable. A lthough 
in a few cases 10 fig isoprenaline was 
adm inistered  to  p a tien ts  and  con­
trols, th e  5 fxg dose was chosen be­
cause th is was helpful in separating 
th e  two groups, ap a rt from being 
free of side effects. I t  is no t su r­
prising th a t  the  separation occurs 
only w ith  5 /Tg isoprenaline, since 
some load is to lera ted  by every p a ­
tien t. ‘Insufficiency’ occurs only if 
the  load exceeds a certain  limit.

The d a ta  agree w ith  the experi­
ence of Coveil e t al. (1966), nam ely 
th a t  in experim ental heart failure 
afte r th e  stim ulation  of the post­
ganglionic nerve, th e  inotropic and 
chronotropic responses are sm aller 
th an  in controls. This is in agreem ent w ith the conclusion of Pool and  
B raunw ald  (1968). . . the  response of th e  in tac t circulation to  stress m ay
require adrenergic support. In  the presence of congestive h ea rt failure th is 
support m ay, to  a  g reat ex ten t, be lost . . .”

Taking all these factors into account, it m ay be s ta ted  th a t  the  endo­
genous adrenergic drive or the stim u lan t action of isoprenaline given exo­
genously, as it were, lead to  a sm aller increase in con trac tility  in h ea rt 
failure th a n  in p atien ts  w ith  healthy h ea rt muscle (Pig. 57). This a lteration  
of con tractility  is the  dom inant aspect o f the  clinical p icture of h eart failure.

The responses enable us to  recognize the  early  signs of h ea rt failure a t 
a  stage when there are no overt m anifestations. The ergom etric exercise 
im itates physiological stresses. The isoprenaline loading, however, separates 
m ore clearly the  tw o groups. The ergom etric exercise is su itab le for a  screen­
ing test. F o r clinical diagnosis, the isoprenaline sensitiv ity  te s t is more 
suitable. *

The effect of bicycle ergom etric exercise, 400 kg-m, lasting for 3 min was 
investigated  in controls and in p a tien ts  having ischaemic h ea rt failure.
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E v ery  individual com pleted the te s t w ithou t difficulty. In  patien ts there 
were no ECG signs of increasing ischaem ia and  no sym ptom s of angina. 
T he difference betw een  younger an d  older controls could be found only in 
th e  mean blood pressure, this being higher in the  older group. The pulse 
ra te , the peaks o f th e  m ax dC/dt (derivative of the  caro tid  tracing) and the 
P T M  index reac ted  in a sim ilar w ay in bo th  groups. In  patien ts, the in ­
d icato r of m yocardial contractility , the  m ax dC/dt, also lower a t rest, on 
exercise rem ained lower th an  in th e  controls. In  more severe cases, the  
m ax dC/dt was conspicuously low. The patien ts  during th e  investigation 
were com pensated an d  ap a rt from  the  m ax dC\dt changes m entioned above 
an d  ECG findings in a few cases, d id  no t show any  deviations from the  older 
controls. I t  was concluded th a t in p a tien ts  w ith  ischaemic heart failure the  
signs of de terio ra ting  m yocardial co n trac tility  have been present before 
th e  developm ent o f decom pensation.

In  12 uncom pensated  cardiac failure cases the effect of 5 «g i.v. noradren­
aline was exam ined. The action o f noradrenaline on the  blood pressure is 
independent o f th e  grade of decom pensation. In  p a tien ts  w ith  decom pen­
sation  there was a  slight increase in  pulse ra te , whereas in our form er in­
vestigations th e re  was a tendency to w ard  bradycardia . In  one patien t w ith 
severely dam aged  m yocardium , m arked  bradycard ia  developed.

In  controls an d  in uncom pensated p a tien ts  (altogether in 70 cases) the  
effect of 2.5 /ig an d  5 gg isoprenaline was investigated. The reactions of 
bo th  groups were sim ilar on 2.5 /ig dose, b u t on 5 fig dose the m ax dCjdt 
increase was m uch greater in controls th a n  in patien ts. In  th is respect the  
tw o groups sh a rp ly  differed.
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C H A P T E R  5

CLINICOPHARMACOLOGICAL INVESTIGATI ONS

IN TRO D U CTIO N

The evaluation of the  efficiency of th e rap y  is a difficult task . The course 
of th e  disease in th e  same individual depends on various factors and  the 
assessm ent of th e  changes, particu larly  th e  identification of the precise 
cause of a change often is a complex exercise. A very  careful analysis is 
needed to  distinguish between fortuitous and  causal origin. A t the  evaluation 
of a d ru g ’s effect one should avoid the uncritica l use of the  post hoc ergo 
propter hoc principle. E nvironm ental factors, nu trition , physical or m ental 
s tra in  m ay im prove or worsen the course o f the  disease. F a ith  or d is tru st 
in th e rap y  or drug is an  additional com ponent to  a good or b ad  therapeu tical 
effect. E xperim ental medicine is in a position whereby it can standardize 
the  circum stances an d  th is is a g reat advan tage com pared to  clinical m ed­
icine. N evertheless, th e  m ain objective is to  cure the  p a tien t and  assess 
the therapy .

The th erap y  w ith  drugs usually  requires various steps, nevertheless these 
are often  no t considered logically being as follows:

1. The diagnosis.
2. The planning of th e  therap y  the aim of which is to  elim inate the cause 

of the  disease, and  a t  th e  sam e tim e to  alleviate sym ptom s.
In  th e  initial p lanning  one should consider w hether one w ants to  a ttac k  

a t one or more po in ts w ith  special consideration for the  m ain actions and  
side effects as well as dangers in relation to  th e  drug sensitiv ity  of the in ­
dividual.

3. The form of adm in istra tion  in adequate an d  effective dosage.
4. The m onitoring of im m ediate and la ter effects in groups of patien ts.
5. The assessm ent of the  therapy  a t individual level.
6. D raw ing conclusions from  groups of p a tien ts  trea ted  b y  the  same 

m ethod.

The adm inistration  of drugs w ith well-known actions is done in this way. 
The th e rap y  w ith drugs and  clinical work canno t be dissociated. ‘H um an 
pharm acology’ m ust be studied in special and  well-equipped institu tes.
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D rugs w ith  well-known actions do n o t ac t identically  in different diseases, 
nor indeed in the same disease a t  d ifferent stages. The differing response m ay 
he a  characteristic featu re  of pathophysiology. This m ay be used for 
d iagnostic purposes as well, e. g. if th e  uncom fortable oppression in the  chest 
d isappears after nitroglycerine th is m akes th e  diagnosis of coronary a r te ry  
disease highly probable.

T he experim ents w ith  drugs which have no t been in troduced  into hum an  
m edicine are being perform ed accordingly. The new discipline which u n d e r­
tak es  th is task  is clinical pharm acology. The developm ent of it  as a discipline 
was necessitated  by  the  large num ber of drugs which have recently  appeared  
for evaluation. Laurence (1971) considers it highly im p o rtan t to  w ork out 
new and  sophisticated techniques. I t  is especially im p o rtan t to  develop new 
research m ethods, an d  to  im prove th e  earlier ones for the  purposes of 
clinical pharm acology.

T he experim ental m ethods should be suitable for providing inform ation 
th a t  is in tersubjective, significant and  unbiassed (D ettli 1971). I f  the  m ethod  
is qu an tita tiv e  in n a tu re , i t  m akes th e  sta tis tica l evaluation  feasible (Jo u b ert 
e t  al. 1971). The m odern w ay of doing th is  is the use of a  com puter (Spindel- 
berger and  Spitzv, 1971). The g reat advan tage here is th a t  i t  is no t onerous 
fo r th e  p a tien t and  it is exac t an d  reproducible. This is a  p rerequisite for 
perform ing a large num ber of investigations under identical circum stances. 
W ith  regard  to  these points, our com bined technique being based on  the 
use of the first deriva tive  of th e  caro tid  tracing  seems to  be su itab le  for 
clinicopharm acological studies, preferably , for s tudying  sho rt-term  ac­
tions which affect ino tropy , e ith er in  a  positive or in a  negative direction. 
T he v ast area of th e  p o ten tia l use for th e  m ethod enables a q u an tita tiv e ly  
objective assessm ent of details in a num ber of situations. In  th e  case of 
d rugs w ith inotropic actions, th e  re la tive increases in th e  peaks of th e  carotid  
derivative dem onstra te  dose-effect relationships.

In  th is C hapter we do n o t in ten d  to  give a detailed  account of the  subject 
b u t to  emphasize some principles, some forms underlying the use of our 
m ethod.

In  the first p a r t  o f th is  C hapter, in terventions d irectly  influencing ino­
trop ic state , in the  second p a r t  indirect in terventions altering th e  response 
o f catecholam ines u nder various form s of trea tm en t are dealt w ith.

104



ACTIONS D IREC TLY  A FFECTIN G  IN O T R O PY

In  th is series it was investigated  how an i.v. adm inistered drug affects th e  
following param eters: pulse ra te , blood pressure, re la tive change of m ax 
dC/dt, relative change of the am plitude of the  first h ea rt sound, ejection tim e.

T he investigations were m ade in p atien ts  lying supine, th e  m easurem ents 
an d  calculations were carried o u t as described previously.

Answers were sought to  the  following questions: Does th e  drug influence 
ino tropy , and if so in which d irection ? Is there a relationship  betw een the  
dose an d  the  response ? Are th e re  any differences betw een controls and  
p a tien ts  ?

T H E  IN O T R O P IC  E F F E C T  O F  IS O P R E N A L IN E  

Controls

Investigations on th e  effects of isoprenaline have already been dea lt w ith  
(C hapter 4, p. 68). Nevertheless, i t  is tho u g h t w orth while to  m ention it 
here because this is th e  reference drug for com parison of agents w ith  positive 
inotropic properties. The potency of drugs w ith inotropic effect is te s ted
against isoprenaline. The effect o f th is 
drug in  th e  range o f 0.5-15.0 /tg can 
be followed w ith our technique (see 
Fig. 45).

T here is a logarithm ic correlation be­
tw een th e  dose and th e  graded re la tive 
increases in the m ax dC/dt (Fig. 58).

Patients with heart failure

In  these  patien ts th e  effects of th e  
drug are less m arked in relation to  the  
increases in the dose. A fter 2.5 цg, th ere  
is no difference in th e  effect betw een 
controls and  patien ts, a fte r 5 /u.g th e  
max dC/dt increases fu rth e r in controls, 
b u t n o t in  th e  patien ts  (Chapter 4, pp. 
96-97; F igs 55-56).

F ig. 58. T h ere  is a  log a rith m ic  co rre la tion  
betw een  th e  dose and  th e  re la tiv e  increase  
o f th e  m a x  dC/dt in  h e a lth y  ind iv idua ls
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THE INOTROPIC ACTION OF MOXA

Circulatory-pharmacological investigations in healthy individuals with
l-(3-methoxy-4-oxyphenyl)2-isopropylamino-l-ethanol-HCl (EGYT-402) ,  

also known as M O X A

Isoprenaline is a characteristic  s tim u lan t of the  beta-receptors of the  ad ­
renergic nervous system . I t  is active in very  small doses, suggesting th a t 
it has a  high degree o f physiological affinity for beta-receptors.

I t  seemed w orth while to  study  the m etabolites of th e  catecholam ines in 
respect of their b e ta -s tim u lan t actions. One of them , MOXA, has been 
syn thetized  in a chem ically pure form. This com pound is produced in  the 
organism  by the enzym e catechol-orthom ethyl-transferase (COMT). This 
d rug  in larger doses has a  beta-receptor-blocking effect. However, it  was later 
found  th a t  in sm aller doses the same drug has a beta-stim u lan t effect 
(Thuránszky 1970).

Pharm acological investigations in an im al experim ents were carried out by 
T huránszky  (1970). No hum an investigations have so far been reported. 
T he effects of MOXA have been investigated  in a large num ber of individuals 
an d  our complex techn ique could be used to  advantage.

A ltogether 70 h ea lth y  individuals were exam ined in the  following d istri­
bu tion.

M O X A  (mg) N o. o f  ind iv idua ls

80 17
60 9
40 8
30 8
20 7
10 6

5 8
2 7

T otal: 70

In  every ind ividual, isoprenaline sensitiv ity  was tes ted  by  giving i.v. 
5 ,ug isoprenaline (IN A ; Isuprel, W inthrop). After com pletion of th e  effect, 
th e  dose-effect re la tionsh ip  w ith various doses of M OXA was investigated.

Results. M OXA has a dem onstrable positive inotropic action. I t  increases 
con tractility  of th e  m yocardium , th e  effect being dose dependent. This 
can be seen in P ig. 59 which shows th a t  the first derivative of th e  carotid
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tracing  (dC/dt) increases m arkedly a fte r 80 mg of MOXA. Figure 60 shows 
the  effects of 80 mg MOXA and 5 pg isoprenaline. The m ax dCjdt becomes 
higher afte r b o th  drugs b u t the  isoprenaline effect lasts 5 min, whilst th a t  
of MOXA persists even after 25 min.

A sim ilar p a tte rn  could be seen in the  pulse ra te . Systolic pressure and  
consequently pulse am plitude increased a fte r isoprenaline in the  first few 
m inutes, decreasing subsequently , the  effects of th e  tw o drugs being v irtually  
identical.

The additional figures dem onstrate the  dose-effect relationship and its 
effects on various param eters. On the  left side of Fig. 61, the  relationship 
between the  dose o f MOXA and the  change of the  m ax dCjdt is indicated. 
As it m ay be seen, th e  relationship is logarithm ic.

In  Fig. 61 on th e  righ t, the  changes in m ax dCjdt m ay be seen. The re ­
sponse to  M OXA is illu stra ted  as a percentage of the  response in th e  sam e 
individual afte r 5 pg isoprenaline. A fter e ither in terven tion  m ax dCjdt 
changes show sim ilar patterns.

For com parison, th e  dose-effect relation  curve for isoprenaline is dem on­
s tra ted  (Fig. 58). In  th is  case, the  correlation is also logarithm ic. As far as 
pulse ra te  is concerned, if the  initial angulation is disregarded, th e  correlation 
is linear. A sim ilar linear correlation exists betw een the  to ta l du ra tion  of 
the reaction and  its  half-tim e.

The evaluation of th e  correlation between ejection tim e and  the  m agnitude 
of the  dose is difficult because of the  wide sca tte r of results. The change in 
the blood pressure does no t appear to  depend on the  dose.
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Sum m arizing these results, 
the  decrease of m ean blood 
pressure and  the  increase of 
pulse am plitude were found.

There are m arked  differ­
ences, as in  anim al experi­
m ents, betw een the  half decay 
tim e and  the  to ta l du ra tion  of 
the effect. F o r these param eters 
the values are dose dependent 
b u t th ey  are g reater th an  those 
found a fte r 5 fig isoprenaline. 
In  this case the  half-tim e is 
2 min and  the  to ta l duration  
of effect is 5 min.

The responses to  5 fig iso­
prenaline were equivalen t to  
those of 80 mg MOXA. In  
anim al experim ents, the  IN A  : 
MOXA ra tio  is 1 : 300-400, 
whereas in m an it  is 1 : 16,000. 
This m ay be due to  species 
differences.

The doses given by  us are 
in the  range in which Thu- 
ránszkv found stim ulating  ef­

fect. Nevertheless, i t  was n o t possible to  give higher doses in m an.
In  70 individuals, no unp leasan t side effects were found, a p a rt from  palp i­

ta tio n  in a few cases. In  prelim inary  studies it was noticed th a t  the  effect 
of MOXA in h ea lth y  individuals dev ia ted  from th a t  found in patien ts.

F ig . 60. E ffects o f 5 fig  isop renaline  (IN A ) a n d  
80 m g  M OXA. The m a x  dC/dt and  th e  p u lse  r a t e  
show  sim ilar changes. T h e  effect o f  iso p ren a lin e  
la s ts  for 6 m in, th a t  o f  M O X A  is s till p re s e n t  

a f te r  25 m in

Following enzym atic actions in th e  organism  l-(3-m ethoxy-4-oxyphenyl)- 
-2-isopropylam ino-l-ethanol-H C l is form ed and  it acts, in all p robability , 
on beta-receptors.

Pharm acological investigations were perform ed on th e  hum an circulation, 
an d  positive inotropic actions were found in the  dose range used. There was 
a  logarithm ic correlation betw een con tractility  and  the  m agnitude of the 
dose, whereas it was linear betw een th e  la tte r  and  th e  pulse ra te . The mean
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F ig . 61. A t th e  le ft: co rre la tion  be tw een  th e  changes o f th e  m a x  dC/dt and  
M O X A  adm in is te red  in  doses rang ing  fro m  2 m g to  80 m g. A t th e  r ig h t: ch an g ­
es o f  m ax  dC/dt due to  increasing  doses o f  M O XA . T he re su lts  a re  expressed  in  

percen tage  o f  th e  action  o f  5 fig isoprenaline

blood pressure slightly decreased, the  pulse am plitude increased especially 
a t  higher doses. The ejection tim e generally decreased.

As far as the  effect of 5 pg isoprenaline was concerned, th e  dose was equ iv ­
a len t to  th a t  of 80 mg MOXA. This ra tio  in anim al experim ent is 1 : 300 
or 1 : 400, in m an it is 1 : 16,000. The du ra tion  of effect an d  th e  half-tim e 
of the  effect of MOXA are longer th an  those of IN A  and  th e y  are dose 
dependen t.

Circulatory-pharmacological investigations with M O X A  in patients 
suffering from circulatory disorders

The effect of MOXA is no t know n in individuals suffering from  circulatory  
disorders. This was investigated  because th e  com pound m ay have th e rap eu ­
tic applications. For the purposes of com parison in the m ajo rity  o f cases 
the  effect of 5 pg isoprenaline was also m easured in the same pa tien t.

E xperim ents were carried ou t in 58 p a tien ts , 23 of whom had  congestive 
cardiac failure; 22 of the pa tien ts had  ischaemic cardiac disease and  in 
one there  was severe com bined m itral valve defect w ith failure.

Nine patien ts  from th is group were investigated  afte r tre a tm e n t w ith 
ouabain.
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T en p atien ts  had  a trioven tricu la r block and  8 p a tien ts  had  an im planted 
pacem aker. E ight p a tien ts  had chronic bronchial asth m a or asthm atic 
bronchitis. In  these p a tien ts  the chronic effects of resp ira to ry  disease on the 
pu lm onary  circulation was evident.

Results. Systolic, diasto lic and m ean blood pressures in th is group were 
sim ilar to  those in controls. The pulse ra te  responses to  isoprenaline were 
also sim ilar b u t som ew hat reduced. The changes in ejection tim e were 
sim ilar to  those in th e  controls. In  p a tien ts , the  m ax dC/dt a fte r 80 mg MOXA 
an d  5 jig isoprenaline increased only to  a m inor ex ten t (Fig. 62), and  this 
was clearly evident in p a tien ts  w ith  A-Y block developing after infarction. 
T rea tm en t w ith K -strophan toside  produced  no change in the  param eters 
exam ined.

The duration an d  th e  half decay tim e of MOXA effect were shorter in 
patien ts .

I t  m ight be expected  th a t com plete a trioven tricu la r block would be the 
m ain  indication for th e  therapeu tic  use of MOXA. In  9 out of 10 patien ts

F ig. 62. U p p er p a rt:  effect o f 
isop renaline  (IN A ). L ow er p a r t :  
effect o f  M OXA on th e  p e rc e n t­
age changes in  th e  m ax  dC/dt. 
T he  g roups a re  contro ls, p a ­
tie n ts  w ith  a rterio sc lero tic  h e a r t  
d isease  (before or a f te r  K -s tro ­
p h an to s id e ), p a tie n ts  w ith  a tr io ­
v e n tr ic u la r  b lock (before an d  a f ­
te r  th e  im p lan ta tio n  o f a  p a c e ­
m ak er), and  p a tie n ts  w ith  a s th ­
m a tic  b ronch itis . Crosses in d i­
c a te  hypertensives. T he figures 
for th e  sam e ind iv idua l before  
an d  a f te r  K -s tro p h an to s id e  
t r e a tm e n t o r before or a f te r  
p acem ak er im p lan ta tio n  a re  
connected  w ith  a  line. I n  th e  
g ro u p s o f p a tie n ts  w ith  h e a r t  
d isease , low er m ax  dC/dt w as 
fo u n d  a f te r  IN A  and  M O X A  
tr e a tm e n t
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the  com pound could n o t reverse the  slow ra te  in h ea rt block, nor could it 
prevent the  occurrence of A dam s-Stokes attacks. M oreover, the  hypotensive 
effect of the  drug in these patien ts  was disadvantageous. I t  was impossible 
to  enhance th e  effect on pulse ra te  by increasing th e  dose (Fig. 63). The 
infusion of isoprenaline in a p a tien t w ith A dam s-Stokes a ttack , afte r an 
unsuccessful use of MOXA, led to  a beneficial effect which enabled pace­
m aker im plan ta tion  u nder more favourable conditions. In  a younger patien t, 
who apparen tly  had  congenital com plete heart block, M OXA raised h eart 
ra te  and, during ergom etric exercise, the  m ax dCjdt increased indicating 
enhanced m yocardial con tractility  (Fig. 64). I t  seems th a t patien ts w ith 
A-V block developing a fte r m yocardial lesions of arteriosclerotic origin 
respond differently from  those w ith  congenital lesions producing h eart 
block. This suggestion is in agreem ent w ith  the  finding of Boda (1969) who 
could p reven t Adams —Stokes a ttack s  in a p a tien t w ith  congenital A-V 
block by adm inistering MOXA. In  arteriosclerotic h ea rt disease, in A-V 
block developing afte r infarction and  giving rise to  A dam s —Stokes a ttacks,

Fig. 63. E ffec t o f 5 /tg isoprenaline  —(- 150 m g -|~ 5 m g  M O X A  in A-V 
block a f te r  in fa rc tio n . Iso p ren a lin e  p roduced  a  m ore t r a n s ie n t dep res­
sion o f b lood p ressu re  th a n  M OXA. T he  second dose o f  M O X A  did 

n o t re su lt in  a  positive  in o trop ic  ac tion
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M OXA is n o t helpful. In  these 
cases, isopropyl-noradrenaline 
infusions arc needed.

In  a younger p a tien t w ith 
sinus b radycard ia  and  in con­
genital com plete A-V block 
M OXA increased h ea rt rate . 
In  the  la tte r  case oral MOXA 
was b e tte r  to le ra ted  b u t the 
p a tien t d id  com plain of an  u n ­
p leasant oppressive sensation.

A favourable effect was ob­
served afte r i.v. an d  oral t re a t­
m ent, w ithout side effects, in 
chronic as th m atic  bronchitis
an d  asthm atic  a ttack .

*

The cardiovascular actions 
of i.v. adm inistered  M OXA 
were com pared w ith  those of 
5 pg isopropyl-noradrenaline. 
As w ith IN A , M OXA increased 
th e  m ax dC/dt in  cardiac p a ­
tien ts  only slightly  and  th is 
effect d id  n o t im prove w ith  
K -strophantoside . MOXA de­
creased blood pressure to  a les­
ser ex ten t th a n  isopropyl-nor­
adrenaline.

In  heart diseases w ith  b radycard ia  of arteriosclerotic origin it  was no t 
possible to  increase pulse ra te  and  p reven t the  A d am s—Stokes attacks. 
W ith  an  increase in th e  dose of MOXA th e  therapeu tic  effect did no t increase 
even though blood pressure and  m ax dC/dt were reduced and  unpleasant 
side effects appeared. I t  was observed th a t  in these doses beta-blocking 
properties of th e  com pound were more apparen t.

In  a case of b radycard ia  n o t due to  arteriosclerotic h e a rt disease and  in 
ano ther case o f congenital A-Y block, th e  i.v. and  oral adm inistration  of 
MOXA increased pulse ra te  to  the  desired level. H ow ever, in these cases 
unpleasant sensations were produced. In  one of these, an  increased tolerance 
to  th e  loading stress was found.

F ig . 64. A fte r M O X A , th e  to le ran ce  o f  th e  
p a t ie n t  w ith  co ngen ita l A-Y b lock  im proves
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IN V E ST IG A T IO N S W IT H  P R O P R A N O L O L

These investigations have been described on p. 83 of C hap ter 4. Here it  is 
exam ined w hether the  drug has an  effect on m yocardial con tractility  in 
controls and  in  patien ts.

In  the  case of isoprenaline and  MOXA th e  changes in th e  positive inotropic 
actions are analysed, whereas in th e  case of propranolol, the  analysis was 
done on the  negative effects.

As regards clinicopharmacological analysis, it  is necessary to  distinguish 
norm als from  p atien ts  w ith  hyperkinetic h ea rt syndrom e. 0.5 mg propranolol 
(Inderal, ICI) reduced the m ax dC/dt in patien ts , b u t no fu rth e r effect was 
seen when the  dose was increased to  2.5 mg. In  controls, there  was v irtua lly  
no effect w ith  0.5 mg, b u t definite effects were seen a t higher doses.

In  order to  q uan tify  the effect of a beta-receptor-blocking drug, the  in ­
h ib ito ry  action o f the  com pound on the  increase in  the  m ax dCldt by  iso­
prenaline is recom m ended (Békés e t ab 1971«, b) (Chapter 5, p. 122).

CHANGES IN  CATECHOLAM INE S E N SIT IV IT Y

On the  basis of our findings described above, the  question n a tu ra lly  arises 
w hether th e  drug u nder stu d y  modifies the  sensitiv ity  of different adrenergic 
receptors, i. e. w hether its effects are stim u lan t or inh ib itory .

In  the  following section such investigations on the  effects of some an ti­
hypertensive drugs [guanethidine, i.e. Sanotensin (EGYT) an d  its derivative 
Sanegyt (EGYT)], and  an tiarrhy thm ic drugs w ith  various points of a ttack  
(lidocaine, quinidine, Trasicor) are dealt w ith.

A N T IH Y P E R T E N S IV E  D R U G S

Changes in catecholamine sensitivity during guanethidine treatment

Various d a ta  tes tify  to  the increased reac tiv ity  of the  sym pathetic  nervous 
system  in hypertension. In  our experim ents it  has been found th a t a 
sm all dose of noradrenaline produced an ‘a lp h a’-type hyperreaction. W hen 
given in an equivalent dose, isoproterenol led to  ‘paradoxical beta-hyperreac­
tio n ’. B oth  reactions have been observed in  the  early  stages o f hypertension, 
even a t a stage when the  blood pressure is no t elevated.

I t  is well known th a t  the  m ajority  of an tihypertensive drugs ac t by  de­
pressing the  function of th e  sym pathetic nervous system . The drugs, which 
inh ib it synthesis of catecholam ines or which p reven t th e ir ac tion  in any
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p a r t  of the sym pathetic  nervous system , are the  m ost efficient an tih y p er­
tensive agents. In  these experim ents th e  effect of guanethidine on the  reac­
tiv ity  of alpha- and  beta-receptors an d  th e  changes in the  sensitiv ity  of the  
la tte r  to  noradrenaline and  isoprenaline were investigated.

T he patien ts  were d ivided in 5 groups according to  clinical sym ptom s.

1. H ealthy  individuals, control group;
2. Essential hyperk inetic h eart syndrom e;
3. H ypertensives, having norm al blood pressure;
4. H ypertensives, before trea tm en t, having increased blood pressure;
5. H ypertensives who were on a  sm all dose of guanethidine trea tm en t for 

one week, and  whose blood pressure was still high (]> 145/95).

The p a tien ts  in these groups were identical to those m entioned on p. 73 
o f C hapter 4, however, th e  p a tien ts  in G roup 4 were d ivided in two fu rth e r 
subgroups.

E very  p a tien t was exam ined a t  least tw ice w ith in  7 to  10 days. T hey 
received 10 mg of diazepam  (Seduxen, R ichter) to  avoid  anxiety.

A detailed  descrip tion of the m ethods has been presen ted  on p. 68 of 
C hapter 4.

The values ob ta ined  are presen ted  in the  following order: (i) Values a t 
rest; (i i ) values reflecting th e  m axim al change a fte r adm inistration of 
catecholam ine (usually 1/2 to  1 1/2 m in afte r adm inistration); (иг) differ­
ences betw een th e  values a t rest an d  th e  values m easured after th e  drug 
(guanethidine) action.

A fter the  first exam ination  the  patien ts  usually  received З х Ю  mg 
guanethidine (Sanotensin, EGYT). T he dose was increased if there was no 
reduction in stand ing  blood pressure. The m axim al dose was 50 mg per day, 
w ith  th is dose every  p a tien t having some reduction in standing  blood pres­
sure. I t  was no t in tended  to  norm alize th e  blood pressure (Group 5). Seven 
to  ten  days a fte r th e  in itial m easurem ents, a second exam ination  was per­
formed. The values ob tained  a fte r guanethidine trea tm e n t were com pared 
w ith  those ob ta ined  p rior to  tre a tm e n t w ith  the differences eva lua ted  s ta tis ­
tically.

The effect of 5 /лg isoprenaline adm in istration  is dem onstrated  in Fig. 
65. The th ick  arrow s represen t th e  p re trea tm en t values, the subsequent 
th in  arrows show th e  figures ob ta ined  after one week of guanethidine 
trea tm en t plus isoprenaline adm inistration .

There was no change in m ean blood pressure in controls and  hyperkinetics. 
In  hypertensives a t  the  early  (norm otensive) stage there  was an increase in 
blood pressure (see C hapter 4, pp . 73). On guaneth id ine trea tm e n t the
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‘paradoxical b eta-reaction ’ ceased to  exist. In stead  there was a  blood p res­
sure reducing effect. The guanethidine trea tm en t p o ten tia ted  the increases 
in pulse ra te  and  the  ejection tim e decreasing action in every group w ithout 
modifying the  reactions of th e  derivatives of the caro tid  tracing.

In  Fig. 66, it can be seen th a t  w ith  increasing doses of isoprenaline 
the  pulse ra te  increases, th e  ejection tim e shortens an d  the  peak effect 
on the  derivative is enhanced. In  th is respect there was no difference between 
controls and  patien ts. This was n o t so w ith  the blood pressure, there being 
discrepancies in the results betw een the groups w ith no dose-effect relation. 
The effect of guanethidine trea tm en t was apparen t m ainly afte r the  ad ­
m inistration of 5 Цg isoprenaline, the  results being significant. On this 
dose the  ‘paradoxical beta-reaction ’ caused by isoprenaline reversed the  
increase of h eart ra te , and  the  decrease of ejection tim e becam e more ex­
pressed, a t the  same tim e th e  response w ith  m ax dC/dt was unchanged (Fig. 
66, th in  arrows).

F ig . 65. T h ick  a rrow s rep resen t th e  effects o f  5 fig  isoprenaline before  g u an e th id in e  
tr e a tm e n t  in  (1) contro ls, (2) p a tie n ts  w ith  essen tia l h y p erk in e tic  h e a r t  syndrom e, 
(3) h y p ertensives in  th e  no rm o tensive  phase , (4) hypertensives responsive  to  t r e a t ­
m e n t, (5) hypertensives n o t responsive to  tre a tm e n t. T hin  arrow s in d ica te  isop ren ­
a line  responses a f te r  g u an e th id in e  tre a tm e n t. T he p ro m in en t fe a tu re  is th e  h y p o ­
ten s iv e  effect, p a rticu la rly  in  h y p erten s iv e  g roups; th e  d ru g  p o te n tia te s  th e  effects 

on h e a r t ra te  and  e jec tion  tim e  w ith o u t a  change in  m ax  dC/dt
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T he changes on 5 fig noradrenaline are displayed in Fig. 67. F ive fig 
noradrenaline raises th e  blood pressure to  a higher level, reduces heart ra te  
fu r th e r lengthening th e  ejection tim e. There is no change in the effect 
on m ax dC/dl.

W e in tended  to  find th e  m echanism  w hereby guanethidine influences 
a lpha- and  beta-reactions provoked by  th e  two catecholam ines in these

Fig. 66. F o r sym bo ls  see F ig . 65. T he figure sum m arizes th e  effects in  every  
group  follow ing v a ry in g  doses o f isoprenaline  and  5 fig no rad rena line , resp. 
T he effects o f  iso p ren a lin e  on h e a r t ra te , e jec tion  tim e  a n d  m ax  dC/dt are  dose 
dep en d en t since th e  t r e n d  in  changes is s im ila r in  each g roup . A s fa r  as th e  m ean  
blood p ressu re  is concerned , due to  d iffering  responses in  d ifferen t p a tien ts , 
dose-dependen t changes w ere n o t a p p a re n t. A fte r g u an e th id in e  tre a tm e n t 5 fig 
isoprenaline p ro d u ced  an  inverse  b lood p ressu re  response an d  th e  effects on 
h e a rt ra te  an d  e jec tio n  tim e  w ere p o te n tia te d ; th e  effects o f  no rad renaline  on 

b lood p ressu re , h e a r t  r a te  an d  e jec tion  tim e  w ere also increased

patien ts. In  agreem ent w ith  the d a ta  in the lite ra tu re  (Gaffney and B raun- 
wald 1963) we found a  m oderate slowing down effect on the  heart ra te , 
and  a t the sam e tim e a  lengthening of the  ejection tim e. Our results con­
firm the earlier findings, nam ely th a t  guanethidine po ten tia tes the action 
of noradrenaline (M endlowitz e t al. 1965). From  our investigations it has 
become clear th a t  th is could be dem onstrated  w ith  a relatively small dose 
(30 to 50 mg per d ay  for 7 to  10 days) even if the  blood pressure did not 
decrease.
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T he effect of guanethidine trea tm e n t on isoprenaline responses deserves 
com m ent. The ‘paradoxical beta-reaction ’ observed in hypertensives, im ply­
ing an  increase in blood pressure, is reversed, i. e. in p a tien ts  tre a ted  w ith 
guanethidine, isoprenaline injection causes again reduction in blood pressure. 
This occurred also in p a tien ts  afte r an  unsuccessful an tihypertensive tre a t­
m ent w ith  guanethidine.

G uanethidine in every group p o ten tia ted  the  accelerating effect of iso­
prenaline on the  pulse ra te  and  the  shortening of the ejection tim e b u t did 
no t change the reaction of m ax dG\dt. Consequently, guanethidine, in th is 
dosage, does no t depress m yocardial contractility . This is of in terest in view 
of th e  fac t th a t  Gaffney and  B raunw ald (1963) reported  a deleterious effect 
of guaneth id ine on the  h eart muscle of decom pensated patien ts . This risk 
is no t a  serious one in the  case o f healthy  or slightly dam aged m yocardium . 
On the  con trary , the lower peripheral resistance decreases th e  w ork load 
on the  h ea rt which m ight be advantageous. The fact th a t  guanethidine 
affects the  actions of noradrenaline and isoprenaline on the h ea rt ra te  w ithout 
changing m ax dC/dt, confirms our previous conclusion th a t  th e  control of
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cardiac frequency an d  con tractility  do no t necessarily ru n  parallel in every 
case. The dosage adm inistered  by  us seems ideal for th e  tre a tm e n t of hyper­
tension. The question w hether the  dose o f guanethidine should be fu rth e r 
increased or w hether ano ther an tihypertensive drug should be introduced in 
addition  to  guanethidine, is no t discussed here.

*

The effects of guanethidine trea tm en t (7 to  10 days, re la tively  small dose) 
on responses produced by  catecholam ines were investigated. As described 
in the literature, it was also found th a t the  changes provoked by catechol­
am ines were g reater a fte r guanethidine trea tm en t. T hus guanethidine t r e a t­
m ent po ten tiates th e  reflex-depressant action of noradrenaline on h ea rt 
ra te  and  the delaying action on th e  ejection tim e. S im ilarly it was found to  
p o ten tia te  the positive chronotropic action and  to  accen tuate  the shortening 
effect on ejection tim e by isoprenaline. G uanethidine trea tm en t in every  
group also p o ten tia ted  the  vasopressor effect of noradrenaline. The ‘p a ra ­
doxical beta-reaction’ on isoprenaline, i.e. increase in blood pressure in 
hypertensives, changes following guanethidine, shows an inverse response.

There was a tendency  tow ards bradycard ia  on guanethidine. Hence the  
ejection tim e of th e  h eart was prolonged and  a t  th e  sam e tim e the dC/dt, 
which reflects changes in m yocardial con tractility , d id  no t alter. In  the  
dose studied, the  drug appears to  be ideal for the  trea tm e n t of hypertension.

Experiments with 2-guanidino-methyl-l-monoazo-cyclo-octane sulphate
( Sanegyt)

The guaneth id ine preparations (Sanotensin, Ism elin) are widely used for 
trea tm en t in m oderate and  severe hypertension. However, they  m ay p ro ­
duce unp leasan t side effects, especially o rthosta tic  hypotension (which m ay 
cause collapse). In  addition, there is an  u n ce rta in ty  about the proportion of 
th e  drug absorbed when given orally. Thus an  a ttem p t was made to  produce 
a  com pound w hich has sim ilar hypotensive properties as guanethidine w ith ­
o u t the d isturb ing  side effects. The 2-guanidino-m ethyl-l-m onoazo-cyclo- 
octane sulphate (by o ther nam e alpha-guanidino-m ethyl-heptam ethylen- 
imine sulphate m onohydrate), a derivative of guanethidine, in the  course of 
pharm acological investigations proved to  be superior to  guanethidine 
(Komlós et al. 1968, V arga and  M olnár 1968). Já v o r  (1968) reported  favour­
able results w ith  th e  drug in 15 patien ts. S tudies were m ade w ith the  com ­
pound to  find th e  sm allest clinical dose of th e  S anegyt (EGYT) which m ight
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m odify the  sensitivity  of alpha- and  beta-receptors of th e  autonom ic nervous 
system .

T he patien ts were divided into 5 groups in an  identical m anner as in 
th e  investigations previously perform ed w ith guaneth id ine (see above). 
The p atien ts  had  com pensated cardiac disease not requ iring  drug therap y  
a p a r t  from sedatives during th e  weeks preceding th e  investigations.

A fter the  in itial exam ination th e  patien ts received 3 x 1 0  mg dose. 
This was increased la ter b u t only in p a tien ts  who did  n o t experience o rth o ­
s ta tic  sym ptom s after 3 days of trea tm en t w ith the drug. The m axim al dose 
was 60 mg per day. W ith  th is  dosage there was a postu ral d rop in blood p res­
sure. I t  was no t in tended to  achieve norm al levels of b lood pressure. Seven 
to  ten  days afte r the  in itial catecholam ine injection th e  te s t  was repeated.

In  70 patien ts, th e  m ean systolic and  diastolic blood pressures (calculated 
w ith o u t grouping) decreased significantly. The pulse ra te  decreased from 
81.5 to  71.5 (means), and  the ejection tim e increased from  27.1 to  28.3 sec/100 
(means).

F igure 68 shows the effect of isopropyl-noradrenaline (INA) before and  
a fte r Sanegyt trea tm en t. W ith  IN A , the  systolic pressure usually  increased 
an d  rem ained high or even rose fu rther during Sanegyt trea tm en t. W ith  
IN A  effect in all except the  2nd group an  insignificant reduction  in diastolic 
pressure was observed. The effect lasted  over the course of S anegyt trea tm en t 
(from —3.9 to  —4.3). There was a more pronounced reduction  in the  group 
w ith  idiopathic hyperkinetic h ea rt syndrom e bu t the num ber of patien ts  in 
th is  group was sm all there being a wide sca tte r in th e  resu lts. Hence, the  
d a ta  here need to  be in terp re ted  w ith  caution.

T he m ean blood pressure rose to  higher levels in the  groups of hy p erten ­
sives. D uring Sanegyt trea tm en t, th e  increase caused by  th e  IN A  was greater 
th a n  th a t  seen w ithout trea tm en t except for patien ts in  group 5.

The Sanegyt trea tm en t increased fu rth e r only in controls th e  tachycard ia  
which is obligatory afte r catecholam ines. As far as th e  ejection tim e is 
concerned there was a change only in Group 1. The moan of m ax dCjdt 
(calculated w ithout grouping) did  no t show a change. D ev ia tion  from  th is 
p a tte rn  was only seen in Group 4, i.e. in labile hypertensives.

In  Fig. 69 the  effect of 5 pg noradrenaline is shown before and  after 
Sanegyt trea tm en t. Mean blood pressure rose in every  group, m arkedly 
so in Groups 3 and  4 (hypertensives) and  did  not change a fte r Sanegyt 
trea tm en t. A slight reduction was caused by  the S anegyt trea tm e n t in 
G roup 5.

H e a rt ra te  decreased due to  the  effect of Sanegyt trea tm e n t. W ith  nor­
adrenaline it became slightly lower w ith  or w ithout Sanegyt trea tm en t.
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E jec tion  tim e was prolonged only slightly  a fte r noradrenaline. Sanegyt 
tre a tm e n t caused a fu rth e r m inor increase (from + 0 .2  to  + 0 .8  sec/100).

M ax dC/dt rem ained v irtu a lly  unchanged. There was no difference between 
th e  tre a ted  and  n o n -trea ted  phases.

In  Fig. 68 the  effect of 5 cg isoprenaline is d em o n stra ted  before and  
a f te r  Sanegyt trea tm e n t. In  th e  u n trea ted  patien ts , in  agreem ent w ith  
our previous findings, th e  ‘paradoxical b eta-reaction ’ was observed. W hereas 
due to  guanethidine tre a tm e n t the  reaction  became inverse, during Sanegyt 
adm in istra tion  th e  paradox ical reaction  intensified sligh tly  and  could be 
dem onstra ted  in th e  controls as well. The paradoxical reac tio n  was abolished 
only  in Group 5 an d  th e  m ean blood pressure showed an  ‘in v e rted ’ tren d . 
T he h ea rt ra te  under th e  ac tion  of isoprenaline during guaneth id ine tre a t-

F ig . 68. T he  ch an g e  in  iso p ren a lin e  sen s itiv ity  on th e  effect o f  S anegy t. T he 
th ick  a rro w s show  th e  figures before, a n d  th e  th in  a rro w s th e  figures a f te r  
S anegy t tr e a tm e n t.  C on tro ls (1), essen tia l h y p e rk in e tic  h e a r t  syndrom e (2), 
h y p erten sio n , n o rm o ten siv e  (3), h y p e rten s io n , responsive  (4), hypertension , 
nonresponsive  (6). T he th in  a rro w s rep re sen t th e  v a lu es a f te r  S anegyt t r e a t ­
m en t. T he a d m in is tra tio n  o f  S an eg y t in  c o n tra s t to  g u an e th id in e  d id  n o t 

m o d ify  th e  effects o f n o rad ren a lin e
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m ent increased fu rther b u t n o t during trea tm en t w ith  Sanegyt. The sam e 
effects were seen in the  case of ejection tim e. The m ax dC/dt was no t a ltered  
by  isoprenaline either afte r guanethidine or Sanegyt.

Sanegyt adm inistration  did  no t m odify the increase in blood pressure due 
to  noradrenaline (Fig. 69). In  can be clearly seen th a t  noradrenaline, in 
general, reduces h eart ra te  and  prolongs the ejection tim e b u t does no t 
affect the m ax dCjdt. N either guanethidine nor Sanegyt alter the responses 
in some patien ts. They do, however, enhance reactiv ity .

As a  m atte r of fact, there  are m any sim ilarities betw een the  effects of 
guanethidine and  Sanegyt (EGYT), although differences are seen as well. 
The la tte r  can be explained p a rtly  by th e  fact th a t  Sanegyt depletes ca te ­
cholamines to  a lesser ex ten t (Varga and  Molnár 1968). This m ight account 
for the less frequen t occurrence of postural hypotension during S anegyt 
trea tm en t. Jáv o r e t al. (1968) and  P e trán y i (1968) have published clinical 
reports  on the use of Sanegyt, and  on the basis of their studies it would а р -

s. 0 pg  n o r a d r e n a l i n e

before Sanegyt = f  
after Sanegyt = )

F ig . 69. C hange in  se n s itiv ity  to  n o rad ren a lin e  due to  S an eg y t tre a tm e n t. 
T he th ick  arrow s rep re sen t th e  effect o f  5 g,g n o rad rena line  befo re  S anegy t 
tre a tm e n t. T he g ro up ing  is th e  sam e as  in  p rev ious ex perim en ts . S an eg y t 
tre a tm e n t, un like  g u an e th id in e  does n o t influence th e  effects p roduced  by

5 jug isoprenaline
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pear th a t  the new guaneth id ine derivative m ight have advan tages in the 
tre a tm e n t of hypertension

*

The changes caused by  sm all doses of catecholam ines were investigated 
before, and  7 to  10 days a f te r  Sanegyt trea tm en t. The results were com pared 
to  those obtained by  guanethidine (Sanotensin, EGYT) adm inistration. 
30 to  50 mg per d ay  is suffcient from  Sanegyt to  produce measurable 
changes in blood pressure and  in some o th er reactions. T he m ost m arked 
effects are as follows:

1 .  The ‘paradoxical be ta-reac tio n ’ in hypertension, i.e. the  increase in 
m ean blood pressure a fte r isoprenaline on guanethidine trea tm e n t ceased 
to  exist, in o ther words th e  blood pressure became lower. On Sanegyt t re a t­
m en t th is ‘inversion’ could be seen only in  p a tien ts  w ith  higher blood pres­
sure. In  norm otensive p a tien ts  the usual paradoxical reaction  was present 
an d  slightly  increased.

2. B o th  the  increase in h eart ra te  and  th e  shortening of th e  ejection tim e 
following isoprenaline were intensified by  guanethidine trea tm en t. Sanegyt 
h ad  no effect on e ither response.

3. The vasopressor effect of noradrenaline became prom inent on guaneth i­
dine trea tm en t, w hereas such an action was absent during Sanegyt adm in­
istration . This was so in  all th ree  groups w ith  hypertension.

4. The m ax dC/dt d id  n o t change a fte r noradrenaline. I t  became higher 
a fte r isoprenaline, b u t rem ained unchanged  on guanethidine or Sanegyt 
trea tm en t.

C H A N G E  IN  T H E  S E N S IT IV IT Y  O F  B E T A -R E C E P T O R S  
BY A N T IA R R H Y T H M IC  D R U G S (L ID O C A IN E , P R O C A IN A M ID E , 

Q U IN I D IN E  A N D  T R A SIC O R )

Catecholamines, p articu la rly  the beta-receptor stim ulan ts, ap a rt from 
positive inotropic and  chronotropic actions also have arrhythm ogenic 
effects. T hey increase cardiac au to m atic itv  and thus enhance the  tendency 
to  ventricu lar ex trasvsto le , ven tricu lar tachycard ia  and  fibrillation. In  
experim ental anim als it was found th a t  beta-stim ulan ts lowered the threshold 
of the  ventricu lar fibrillation (Csapó e t  al. 1970, P ap p  an d  Szekeres 1968).

I t  is also known th a t  extrasystoles or ventricu lar fibrillation occurring in 
a tria l fibrillation w ith  low ven tricu lar ra te , and  in a trioven tricu lar block 
can be p reven ted  by isoprenaline. R ecently , Békássy e t  al. (1970) reported
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good results w ith isoprenaline in ‘low h ea rt ra te -ty p e’ paroxysm al ventricu lar 
or a tria l fibrillation.

I t  has been shown (Szirtes e t al. 1970) th a t  5 fig isoprenaline in hea lthy  
individuals rarely  produces extrasystoles. In  p a tien ts  w ith  h eart disease 
it does, however, induce extrasystoles w ith in  five m inutes, th e  difference 
from  healthy  individuals being significant. Considering our finding th a t  in 
heart failure 5 fig isoprenaline increases m yocardial con tractility  only 
m inim ally (Chapter 4, p. 90), it seemed w orth  while to  investigate w hether 
an tiarrhy thm ics m odify isoprenaline sensitiv ity .

The investigations were carried o u t in  individuals who had  no cardio- 
circulatory sym ptom s. Our noninvasive technique, described previously in 
this book, was used.

The individuals received 5 f i g  Isuprel (W inthrop) and  th e  effect was tes ted  
for 5 m inutes. Subsequently, an tia rrh y th m ic  agents were given and  iso­
prenaline sensitiv ity  was investigated  again. L idocaine (EGYT) was given 
i.v. in a dose of 2 mg per kg; IN A  sensitiv ity  te s t was perform ed 4 m inutes 
later. Procainam ide was adm inistered in  the  form  of Novocam ide (Hoechst) 
4 mg per kg i.v. and  the  isoprenaline sensitiv ity  tes ted  4 m inutes afte r the  
injection. Quinidine (Alkaloida) was given orally in a dose of 5 x 2 0 0  mg 
on a day  which was betw een the first an d  second isoprenaline assay. The 
investigation on Trasicor (Ciba and Chinoin) was carried ou t in the same 
way, the  drug being adm inistered in a 3 X 20 mg dose on the  day  betw een 
tw o isoprenaline tests.

In  all our investigations using 5 fig isoprenaline there was a  m arked ta ch y ­
cardia; dC/dt became higher and pulse pressure widened. The results are 
sum m arized in Fig. 70.

There was an  increase in m ax dGjdt in 3 ou t of 8 p atien ts  receiving L ido­
caine. The peak of the first derivative of th e  caro tid  tracing  was enhanced 
w ith  isoprenaline and  in one case th e  isoprenaline sensitiv ity  was no t 
altered. In  2 cases it decreased. The rate-increasing effect on the  h ea rt and  
the  effect on blood pressure following isoprenaline rem ained unchanged afte r 
Lidocaine.

A fter procainam ide the  increase of m ax dCjdt was less in every  case. The 
effect on h eart ra te  and  blood pressure was difficult to  evaluate. Oral quini­
dine suppressed alm ost uniform ly the  stim u lan t effect of isoprenaline on 
m ax dC/dt and  h ea rt ra te . There was no consistent effect on blood p res­
sure. Trasicor inh ib ited  all actions of isoprenaline (Fig. 70).

The aim  of an tia rrh y th m ic  trea tm en t is to  abolish arrhy thm ias and  to  
im prove cardiovascular function. Hence a knowledge of th e  action of an ti­
arrhy thm ic agents is of param ount im portance. An agent is considered ideal
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if  in  doses in which it has an tia rrh y th m ic  effects i t  does no t depress th e  cir­
cu lation. The haem odynam ic actions of th is class of drugs are re la tively  
well known, even though conflicting d a ta  are found in the  lite ra tu re  (B utter- 
w orth  1963, J ew itt e t al. 1968, Jew itt 1970, Szekeres 1970, Szekeres and  
P a p p  1971).

O ur findings revealed discrepancies in th e  haem odynam ic effects of iso- 
prenaline. Trasicor blocked all effects o f isoprenaline, quinidine reduced 
th e  positive inotropic and  chronotropic effects of isoprenaline. Procainam ide

F ig . 70. I n  th e  u p p e r p a r t ,  th e  p o in ts  rep re sen t th e  p e rcen tag e  increase in 
m ax  dC/dt w ith  5 /tg isoprenaline. T he  va lues before an d  a f te r  th e  a d m in is tra ­
tio n  o f  a n ti-a r rh y th m ic  d ru g s a re  connected  w ith  a  line. I n  th e  low er p a r t ,  
th e  effect o f  IN A  on  th e  h e a r t  r a te  is d em o n s tra ted  in  th e  sam e w ay. L ido- 
caine (2 m g/kg) i.v . enhances th e  ac tio n  o f isoprenaline  on th e  increase  in  
m ax  dC/dt. P ro ca in am id e , 4 m g /kg , i.v . an d  qu in id ine  (5 X 200 m g) o ra lly  
reduces, an d  T rasico r ( 3 x 2 0  m g), o ra lly , p rev en ts  th is  ac tion . T he a c ­
ce le ra ting  ac tio n  o f  5 fig isop rena line  on  h e a r t  r a te  is n o t affected b y  lido- 
caine an d  p roca inam ide , q u in id in e  reduces i t  an d  T rasico r abolishes i t  a l to ­
gether. IN A  =  isop ro p y l-n o rad ren a lin e , L I  =  lidocaine, P R  =  p rocainam ide, 

C H  =  q u in id in e , T R  =  T rasicor
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decreased th e  chronotropic effect only slightly , bu t p roduced a severe a t te n u ­
ation  of th e  isoprenaline effect on th e  m ax dC/dt. The divergent effects of 
procainam ide an d  Lidocaine on con tractility , previously though t to  have 
sim ilar effects, were particu larly  strik ing. Lidocaine, in the  m ajority  o f cases, 
increased th e  positive inotropic actions of isoprenaline. To our knowledge 
this is a new finding fu rther supporting  the  suggestion th a t  Lidocaine in 
the  dose clinically used is not a cardiodepressant drug (Bigger and  M andel 
1970, S tan ard  e t al. 1968, H arrison e t al. 1963, B innion 1968, Schum acher 
e t al. 1968). F o r an tiarrhy thm ic th erap y , it is advantageous to  have a drug 
which has no m yocardial depressant action.

*

A ntiarrhy thm ic drugs do not consistently  affect sensitiv ity  to  isoprenaline. 
Trasicor p reven ts th e  increasing action on con tractility  and  the accelerating 
action on h ea rt ra te . Quinidine reduces bo th  b u t does no t abolish th em  
completely. P rocainam ide decreases th e  isoprenaline-induced positive 
inotropic effect w ithou t affecting the  change in  h eart ra te . Lidocaine does 
n o t affect th e  la tte r , and fu rther enhances the  increase in  con tractility . 
This m ay be im p o rtan t because in the  case of Lidocaine we have an  agent 
which has an tia rrh y th m ic  effects in doses which do not produce cardio- 
circulatory depression.
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PART II





C H A P T E R  6

BASIC CONCEPTS, DATA AND CALCULATIONS 
USED IN COMPUTER ANALYSIS

INTROD UCTORY R EM A R K S ON M ATHEM ATICAL 
PRO CESSIN G

In  th e  previous chapters i t  has been shown th a t  the com plex of noninvasive 
m ethods yields m uch valuable inform ation about the  condition of the  car­
dio-circulatory  system . The new param eters, the first and  second derivative 
of th e  caro tid  tracing, indicate changes in m yocardial con tractility .

B y  th e  use of these and  o ther param eters i t  was concluded th a t  the  s ta te  
of circulation m ay be characterized even b e tte r  if the investigations included 
no t only  the rest period b u t also th e  period following ergom etric exercise 
and  adm inistration  o f drugs, especially catecholamines. The m ethod  proved 
to  be of value for m onitoring positive and  negative inotropic actions in a 
q u an tita tiv e  m anner. E rom  the  po in t of view of clinical medicine it  enabled 
us to  analyse variations in m yocardial con tractility  in various disease entities.

The inform ation ob ta ined  b y  3, an d  la te r 6 records tak en  sim ultaneously 
represen ted  d a ta  w hich could no t be analysed by simple s ta tis tica l methods, 
when consideration was given to  the  num ber of groups investigated , the 
tim e selected to  exam ine the  drug effect, etc. The evaluation was com plicated 
by  th e  fac t th a t  the large am ount of d a ta  represented records of events which 
took  place sim ultaneously and  which were in terdependent. To overcom e th is 
problem  a com puter h ad  to  be used, an d  even so the  num ber of d a ta  which 
were fed  into the  com puter had  to  be lim ited.

Our m ain purpose was to  find ways an d  m eans to  obtain an  early  diagnosis 
of m yocardial dam age. D uring th e  p lanning of the  investigations we made 
use of our earlier experience. In  conform ity w ith  o ther investigators, we 
have show n th a t w ith  respect to  haem odynam ic effects the specific stim ulan t 
o f beta-receptors, isoprenaline, is v ery  sim ilar to  physical exercise (Chapter 
4, p. 64). In  cardiac insufficiency, th e  dam aged heart muscle is unable to  
m eet th e  increased dem and  caused b y  exercise and it  cannot respond to  
th e  ac tion  of isoprenaline in  th e  sam e w ay as the hea lthy  m yocardium  
(C hapter 4, p. 68). The response seen a fte r th e  adm in istration  of 5 /tg 
isoprenaline m ay be used  to  separate  p a tien ts  w ith  hea lthy  m yocardium  
from  those w ith  disease alm ost as well as th e  changes a fte r 400 kg-m  
ergom etric exercise for 3 min. On th e  basis of these observations, th e  effects

6 129



of isoprenaline (isopropyl-noradrenaline, INA ), given i.v. an d  in various 
dosages were analysed b y  using a com puter.

B y  exam ining th e  correlations w ith in  the  group of p a tien ts  and  between 
groups, a ttem pts have been  m ade to  characterize m athem atically  the differ­
ences between the norm al and  the  diseased heart considering th e  adm inister­
ed  dose of isoproterenol. An a ttem p t was also m ade to  see the  differences 
betw een the clinical diagnosis and  th a t  arrived  a t by m athem atical analysis. 
In  th is  w ay ‘im p o rtan t’ an d  ‘less im p o rtan t’ param eters could be identified.

M ETHODS, P R E P A R A T IO N  OF DATA FO R  INV ESTIGATION 
AN D  P A T IE N T  M A TERIA L

T he experim ents were carried ou t in the  same way as has been described 
earlier. The p a tien ts  were supine, th ey  received a  sedative, isoprenaline 
(Isuprel, W inthrop) was given i.v. in doses from 0.2 //g to  15 fig.

Records were ta k e n  0.5, 1, 1.5, 2, 3, 4, and  5 m inutes a fte r the injections. 
S im ultaneously w ith  K oro tkoff’s m ethod, the  blood pressure over the 
b rach ial arte ry  was m easured. L ead  I I  of th e  EGG an d  th e  carotid tracing 
were also recorded (w ith a piezocrystal infraton detector). In  addition, 
th e  first derivative of th e  carotid  trac ing  was also registered with the R-C 
circuit, as has been described earlier. The recordings were perform ed partly  
w ith  a 3-channel Heilige ‘9400 T ’ m ultiscrip tor, p a r tly  w ith  a 6-channel 
Elem a-M  ingograph-61.

A d a ta  card was com pleted during  every exam ination. One side of th is  
contained  the d a ta  used for identifying the  subject: serial num ber, sex, 
age, weight, grouping according to  disease (see later), th e  dosage of isopre­
naline. The o ther side contained th e  ob tained  results. A part from blood 
pressure all d a ta  were read  from the  recordings:

a. Systolic blood pressure.
b. Diastolic blood pressure.
c. Pulse ra te  (m easured by using the  R -R  distance on the EGG).
d. H eight of th e  incisura m easured from the base line, in mm.
e. E jection tim e, in  0.01 sec (the period from  th e  rap id  upstroke of the  

caro tid  tracing to  th e  incisura).
/. H eight of th e  caro tid  tracing  (taken a t the highest point of the tracing 

w ith  respect to  th e  base line).
g. The tim e ta k e n  to  reach the  highest po in t on the  carotid tracing. 

This was m easured from  the beginning of the upstroke, in 0.01 sec.
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h. H eight of the  anadicrotic notch m easured from  the  base line.
i. D istance of th e  anadicrotic notch from  the  beginning of th e  upstroke, 

in 0.01 sec.
j. The g reatest elevation of th e  carotid  tracing  re la ted  to  0.01 sec, in 

m m  (see C hapter 2, p. 50) (this reference value for calibration was given 
only in the rest period).

k. Peak  height of th e  carotid  trac ing’s first derivative (m ax dCjcli) re lated  
to  th e  base line, in mm.

B ach  value (except j) was recorded in the  rest period and  afte r the ad ­
m in istra tion  of th e  drug, i. e. eight times. So th e  record sheet contained a 
m atrix  which had  8 item s of d a ta  in the horizontal, and  11 item s of d a ta  in 
th e  vertical lines.

T he details of the  record  sheet were transferred  to  the  tap e  and  calcula­
tions were perform ed w ith  a Gier, a  CDC 3300, and  a Minsk-32 ty p e  com­
p u te r, according to  th e  m ethod which will be described later.

T he equations of th e  m athem atical correlations used in th is  stu d y  are 
given in C hapter 9.

The patien ts  were d ivided into 7 groups:

Group 1. These individuals were healthy  from  the  po in t of view of their 
circu latory  system . T hey  did  not have high blood pressure, and  there was 
no h isto ry  of hypertension. Their resting pulse ra te  was no t faster th an  
90/m in, blood pressuie. <  145/95.

Group 2. A t the  tim e of investigation th ey  h ad  norm al blood pressure, 
b u t m ost of them  were hyperkinetic. The resting pulse ra te  was faster 
th a n  90/min. Some of them  had  history  of high blood pressure. There were 
no sym ptom s of cardiac decom pensation; R R  <  145/95.

Group 3. E levated blood pressure, 145/95 •< R R  </ 175/110. No sym ptom s 
of cardiac decom pensation.

Group 4. Increased blood pressure, R R  >  175/95, no sym ptom s of cardiac 
decom pensation.

Groups 1 to  4 could be regarded as healthy  as fa r as their h eart was con­
cerned.

Group 5. D ecom pensated arteriosclerotic h ea rt disease (grade o f decom­
pensation: I, 11 and I I I ) ;  R R  <  145/95.

Group 6 . D ecom pensated arteriosclerotic h eart disease (grade of decom ­
pensation: 1, I I  and  I I I ) :  145/95 <  R R  <  175/110.

Group 7. D ecom pensated arteriosclerotic h ea rt disease (grade of de­
com pensation: I, I I  an d  II I) ,  R R  >  175/95.
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TABLE 2

Distribution o f the computerized cases according to isoprenaline 
dose and patien t groups

Dose of Groups
isoprenaline ----------- 1------------:------------------------j----------- j------------;-----------  Total

l í g  1  I 2  j 3  4  I 5  j 6  j 7

j

0.2 2 1 3
0.5 19 21 11 6 3 2 3 65
1.0 17 15 12 7 2 3 2 58
2.5 14 21 6 3 6 3 2 55
5.0 66  52 17 14 19 14 14 196
7.5 4 1 5

10.0 16 10 1 9 6 1 43
12.5 2 2
15.0 2 ] 2

Total j 142 121 i 47 j 30 39 28 | 22 429

T he grade of decom pensation was given according to  th e  tab u la tio n  of the 
New Y ork H eart Association.

D a ta  were used from  429 individuals.
Table 2 contains th e  d istribu tion  of the  patien ts on the  basis of the  doses 

o f isoprenaline in th e  various groups.

CALCULATION OF A R T E R IA L  M EAN P R E S S U R E

The blood pressure is a  cen tra l problem  in the  s tu d y  of the  circulation. 
Therefore, it seem ed essential for us to  have a  closer look a t  the  q u an ti­
ta tiv e  measure of blood pressure and  its m ean by  a bloodless m ethod. 
I t  is hoped th a t th is  will be used b y  other investigators as well.

The first m easurem ent of blood pressure was perform ed by  Hales (1733) 
in a horse, by  an  invasive m ethod. The equipm ent of Hales was called piezo­
m eter; 100 years la te r  Poiseuille (1828) constructed  a m ercury m anom eter. 
This enabled serial m easurem ents of blood pressure in experim ental animals 
by  the invasive m ethod; in  m an, th is was only done under exceptional cir­
cum stances. In  h um an  medicine, th e  m easurem ent of blood pressure became 
popular w ith the  in troduction  of bloodless blood pressure m easurem ent (von 
B asch 1880, 1893, R iva-R occi 1896, K orotkoff 1905).

Since the pressure in th e  system ic circulation is m ain tained  by  the  rh y th ­
mic contraction of th e  left ventricle, the  pressure curve of the  ao rta  during 
systole is identical w ith  th a t  in the  left ventricle, except during th e  isometric 
phase (provided there  is no aortic  stenosis or obstruction). However, in
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diastole the pressure does n o t decrease to  zero b u t rem ains a t  a so-called 
diastolic level u n til th e  nex t systole if there are no anatom ical abnorm alities. 
The height of the  a rte ria l pressure and  the  shape of th e  pulse wave are no t 
identical a t  every p o in t in th e  circulation. I f  no o th er m arking is used the 
‘systolic blood p ressure’ is equal to  the pressure m easured over the brachial 
a rte ry . U nder certain  pathological conditions, as in  aortic  coarctation, it is 
essential to  m easure th e  fem oral blood pressure. To standard ize a uniform  
technique, some guide-lines have been published b y  th e  New Y ork H eart 
Association and th e  B ritish  Cardiac Society. T here are some points which 
m ay in terest the  clinician:

1. The systolic pressure varies w ith physiological conditions.
2. U nder pathological conditions the diastolic pressure is often more 

inform ative th an  th e  systolic pressure.
3. The so-called m ean blood pressure is based on th e  arithm etical means 

of the  systolic and  diastolic pressures (Best and  T aylor 1945, Grosse- 
Brockhoff 1950). K oro tko ff’s pulse wave in tegral gives th e  real value of the  
m ean blood pressure. A n approxim ate value of th is  is th e  diastolic pressure 
plus 43 per cent of th e  pulse pressure. A prerequisite for th e  valid ity  of 
th is is the  norm al shape o f the  central pulse wave (W ezler and  Böger 1939).

4. The pulse pressure is the  difference in the  systolic an d  diastolic pres­
sures and  it is p roportional to  the  cardiac ou tpu t.

In  calculating th e  m ean blood pressure, the quoted  au thors add  one-half, 
one-th ird  or 43 per cen t of the  pulse pressure to  th e  diastolic pressure. 
E xperim ental d a ta  have only been published by  W ezler and  Böger. They 
give the 43 per cent value by  considering the  area below th e  tracing  of the  
subclavian arte ry  in  15 individuals. No d a ta  have appeared  in the  lite ratu re 
on the large-scale investigation  of this issue.

In  our present investigations the  following questions have been dealt 
with.

1. Is i t  possible to  use th e  central pulse tracing (taken b y  indirect means) 
for determ ining the fac to r of the  a rte ria l m ean pressure (a) an d  the  systolic 
m ean blood pressure (ß) which m ultiplied by  the  pulse pressure yields a 
value to  which the diastolic pressure can be added to  o b ta in  th e  m ean blood 
pressure ? For this purpose th e  d irect aortic pressure curves were com pared 
w ith  the indirect caro tid  tracings.

2. B y analysing 303 ca ro tid  tracings w hat kinds of num erical values are 
obtained for factors x  and  ß ?

3. How do the factors change in hypertension, in cardiac decom pensation, 
and afte r isoprenaline adm in istration?
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METHODS AND RESU LTS OF P R E SSU R E  DETERM INATIONS

T he pressure curve of the  ao r ta  was recorded by a ca th e te r inserted 
th ro u g h  the femoral arte ry . The trac ing  was taken  w ith  an  Elema-M ingo- 
g rap h  and  w ith  the  tran sd u cer belonging to  the apparatus. (C atheterization 
was done a t the  N ational In s ti tu te  of Cardiology, for diagnostic purposes.) 
T he indirect recording of the  blood pressure was tak en  over the  brachial 
a r te ry  using K oro tkoff’s m ethod, and  the  indirect caro tid  tracing  was 
recorded sim ultaneously w ith  a p iezocrystal A-C infraton detector. In  some 
cases recordings were m ade w ith  Eloma-M ingograph and  in o thers w ith 
Heilige m ultiscrip tor 9400 T.

The area below the  tracing  was determ ined  from  curves ob ta ined  bo th  by 
d irec t and indirect means, s ta rtin g  from  the beginning of the  upstroke 
u n til  the s ta rt of th e  nex t contraction . Thus the  factor (a) was calculated

F ig . 71. T he tw o  u p p e r  lines a re  th e  ca ro tid  tra c in g  
and  its  firs t d e r iv a tiv e  reco rded  b y  non invasive  m eans. 
T he tw o  low er lines a re  th e  ao rtic  p ressu re  cu rve  
a n d  its  d e riv a tiv e  reco rd ed  b y  d irec t m eans. T he o b ­
long re p re sen ts  th e  w hole period , its  u p p e r side co rre ­
spond ing  to  th e  m e a n  b lood pressure. I n  th e  second 
p eriod , th e  ob long  re p re sen ts  th e  systo le  an d  th e  sy s­
to lic  m ean  p ressu re . T he  eq u a tio n s w ere used  fo r th e  
ca lcu la tio n  o f  th e  m ean  blood pressu re  an d  th e  sy s­
to lic  m ean  b lood  p ressu re . In  b o th  reco rd ings, th e  
sy s to lic  b lood  p re ssu re  P s =  130 m m  H g  an d  th e  
d ias to lic  p ressu re  P d =  90 m m  H g  (the  su b sc rip t A 0 

re fe rs  to  ao rtic  pressures)
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which m ultiplied b y  the  pulse am plitude and  the resu lt being added  to  the 
diastolic value, the  m ean blood pressure (Pm) value is obtained

area below the curve
DC =  '  -------------• --------------------------------- ;------- .

tim e of one h eart period

The calculation of the  systolic m ean pressure differs from  the  above- 
m entioned m ethod in  th a t instead  of th e  area and  th e  tim e below the  whole 
curve, ojjly the  tim e and  area concerning the  systole were used for calcu­
lation

area below the  curve up to  the incisura
ß  = - - - - - - - - - - - - - - —  : - - - - - - - - - - - - - - - - - - - -ejection  tim e

1 - Pm =  Pd +  <*(Ps —  P  d)

2 .  P sm =  P d +  ß ( P s  -  P d)

where P s =  systolic blood pressure 

P d =  diastolic blood pressure 

P m =  m ean pressure

P sm =  systolic m ean pressure (Fig. 71).

In  cases where th e  d irect and  ind irect m easurem ents were com pared, th e  
two m easurem ents were m ade sim ultaneously.

F o r th e  calculation o f the  area below the  carotid  tracing  th e  highest po in t 
of the  anadierotic no tch  [A], th a t  of th e  tracing (M)  and  the  incisura (I)

F ig. 72. L ead  I I  o f th e  ECG , th e  first d e riv a tiv e  o f 
th e  ca ro tid  tra c in g  reco rded  b y  non invasive m eans. 
I n  th e  ca ro tid  trac ing , th e  p o in ts  are  ind ica ted  w hich  
served as m a rk e rs  an d  su p p o r ts  for constru c tin g  
tr iang les  an d  oblongs for th e  considerab ly  accu ra te  
m easu rem en t o f th e  a re a  o f th e  w hole an d  th e  systo lic  
period. О =  beg inn ing  o f th e  u p stro k e , A  =  anac ro tic  
n o tch , M =  m ax im al h e igh t, I  =  inc isura . The second 

rev o lu tion  show s th e  ca lcu la ted  areas
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ca lcu la ted  from th e  base line an d  th e  tim e of these points calculated from 
th e  beginning of th e  upstroke of the  caro tid  trac ing  up  to  th e  beginning of 
th e  n e x t cycle were used  (Fig. 72).

T hree hundred an d  th ree  m easurem ents were perform ed b y  th is technique. 
101 individuals were grouped according to  th e  principles m entioned in the 
prev ious section. In  th e  sam e num ber of p a tien ts  calculations were also 
m ade 1.5 m inutes a f te r  th e  adm in istra tion  of 5 /<g isoprenaline (Isuprel, 
W inthrop). For techn ical questions and  dosage of the  drug see the previous 
section.

T he calculation o f oc and  ß values was perform ed w ith  an  electronic 
calcu lator and for th e  com parison of th e  resu lts S tu d en t’s t te s t was used.

T he d istribution of th e  cases in the  groups were as follows,

G roup  N o. o f ind iv iduals

1. 33
2. 33
3. 6
4. 7
5. 7
6 . 6
7. 9

T otal: 101

Table 3 contains th e  results of th e  m ean blood pressure obtained by  direct 
an d  indirect m eans. F irs t of all, the  behaviour of facto r oc was studied, 
th is  being 0 . 4 4 1  ± 0 . 0 4 8  jn the  ao rta  an d  0 .430±0.040 in the  carotid. No 
sta tis tica lly  significant difference has been found.

In  Table 4 a com parison is draw n betw een the  values of the  factors of th e  
systolic m ean blood pressures (ß). In  th e  ao rta  th is is 0.621 ± 0 .06  and  in the  
caro tid  a rte ry  i t  is 0 .640±0.050. There is no significant difference betw een 
th e  tw o values.

Three hundred  an d  th ree  caro tid  tracings recorded by  noninvasive m ethod 
showed the  following figures: a  =  0 .400±0.079, ß =  0 .655±0.070.

The a values o b ta in ed  in  various groups were around 0.4, w ithout s ta tis ­
tica lly  significant differences (Table 5).

A fter isoprenaline adm inistration , in  th e  m ajority  of the cases th e  oc 
value have n o t changed m arkedly  excep t in the  group of cardiac p a tien ts  
(Group 7) where th ey  showed a m oderate b u t significant increase re la ted  to  
th e  controls (Table 6).
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TABLE 3

C om parison  o f th e  fac to rs used  for ca lcu la ting  th e  m ean  blood pressure. R eco rd ings w ere m ade  b y  non invasive  and
d irec t m eans

Noninvasive Aorta
No. Name, sex Age D i a g n o s i s ---------------------------------------- a -------------------------------------------------a

_____________________________________________________P . P i  Pm I I P , P i  \ Pm

1 B. B. male 19 essential hyperkinetic
heart syndrome 140 80 107.3 0.456 140 80 104.9 0.415

2 H. Gy. female 30 m itral stenosis 100 70 j  81.7 0.390 120 80 97.0 0.425

3 L. M. female 18 Fallo t’s tetralogy 95 50 ; 69.8 0.440 95 50 68.6 0.412

4 G. F . male 24 m itral stenosis m itral
regurgitation 125 80 96.2 0.360 70 40 51.1 0.430

5 M. M. female 20 m itral stenosis 110 60 85.0 0.500 100 60 74.4 0.360

6 IC. E. female 22 essential hyperkinetio
heart syndrome 130 50 87.0 0.475 132 50 90.0 0.488

7 M. A. female 16 m itral stenosis -j- m itral
regurgitation 120 70 91.0 0.423 100 70 83.1 0.470

8 Z. I. female 40 m itral stenosis, aortic
stenosis 120 70 91.5 0.431 120 90 104.2 0.472

9 J H . Z. male 30 essential hyperkinetic
heart syndrome j  130 70 94.0 0.400 130 70 100.0 0.500

I
mean: 0.430 mean: 0.441
S. D.: ±0.040 S. D.: ±0.048

t  =0.47  
V  >  0.60
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TABLE 4

C om parison o f  th e  fac to rs for ca lcu la ting  th e  systo lic m ean  p ressu re. R ecord ings were carried  o u t b y  in tra c a v ita ry  (d irect)
and  non invasive  m eans

I I Noninvasive Aorta
No. Narr.e, sex ( Age Diagnosis ------------  ------- ---------------- ß  ----------  --------------------- ß

Pg Pd P&m Ps Pd P»m- I
1 В. B. male I 19 essential hyperkinetic

heart syndrome 140 80 118.4 0.640 j 140 80 117.8 0.530

2 H. Gy. female 30 m itral stenosis 100 70 88.6 0.620 120 80 105.4 0.635

3 L. M. female 18 Fallo t’s tetralogy 95 50 78.2 0.650 95 50 79.6 0.660

4 G. F. male 24 m itral stenosis -f- m itral
regurgitation 125 80 105.2 0.560 70 40 57.1 0.570

5 M. M. female 20 m itral stenosis 110 60 95.0 0.700 100 60 84.0 0.600

6 К . E . female 22 essential hyperkinetic*
heart syndrome 130 50 106.6 0.710 132 50 103.2 3.650

7 M. A. female 16 m itral stenosis -j- m itral
regurgitation 120 70 105.0 0.700 100 70 88.0 0.600

8 Z. I. female 40 m itral stenosis, aortic
stenosis 120 70 100.8 0.617 120 90 106.4 0.547

9 H . Z. male 30 essential hyperkinetic
heart syndrome 130 70 105.6 0.595 130 70 102.2 0.705

mean: 0.640 mean: 0.621
S. I).: ±0.050 S. D.: ±0.060

t  =  0.72 
■p >  0.50



TABLE 5

F acto r a  for m ean arteria l blood pressure com pared in the different groups. 
The figure for a in every group is around 0.4, there is no significant difference 

(for definition of a  see p. 134) 0 =  p  >  0.05

I I I I I
Gr oup 1 2  3 4 5 6 7 Gr oup

___________ i_______ I_______i________L _______________ . _______________
i i i i i

n  I 33 33 6 7 7 6 9
a 0.42 0.43 0.45 0.39 0.42 I 0.44 0.43
3. D. 0.06 I 0.07 I 0.07 0.07 ; 0.05 0.06 0.07

I I ' “
0 . 0  0 0 | 0 0 I 0 l
0 I 0 0 0 I 0 0 1 0 1 2
0 ! 0 0 0 0 0 0 3
0 ! 0  0 0 0 0 0 ) 4
0 0 0 0 ! 0 0 0 j 5

0 . 0  0  0  \ 0  0  0 ; 6
0 ! 0 0 0 i  0 I 0 0 I 7

TABLE 6

F acto r a 1  5  for mean arterial blood pressure, a • 5  =  a  value 1.5 min after injection 
of 5 fig  isoprenaline. These values do no t differ significantly except in Group 7 

(heart disease -)- hypertension), where a j -, is slightly higher,
0  =  p  >  0.05, -(- =  p  <  0.05, -j—(--f- =  p  <  0 . 0 1

Group 1 j 2 3 4  I  5 I 6 I 7 Group

ra 33 33 6  I 7 7  6  9
« 1 . 5  0.39 0.37 I 0.40 j  0.40 I 0.39 0.41 0.44
S. D. 0.06 0.08 j  0.08 j  0.07 [ 0.05 0.08 0.06

0 0 0 0 0 0 +  ' l
0 0 0  0 0  0 + + +  2
0 0 0 0 0 0 0 3
0 0 , 0  0 j 0 0 0 4

0 0 0 0 1 0  0 0 5

0 0 1 0  0 j 0 0 0 6
+  +  +  +  I 0  0 ( 0  0 , 0  7
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TABLE 7

Factor ß  for systolic mean blood pressure. The ß  values are around 0.65, in Groups 6 and 7 
(heart disease and hypertension), they are around 0.7. The differences in Group 7 are 
significant. (For definition of ß  see p. 136) 0  =  p  >  0.05, +  p  c  0.05, —1—]—}— =  p  <  0.01

Group 1 2 3 4 5 6 7 Group

n 33 33 6 7 7 6 9
ß  : 0.67 0.68 0.64 0.64 0.64 0.71 0.73
S. D. 0.06 0.07 0.07 0.10 | 0.05 0.06 | 0.06 |

0 j  0 0 0 0 0 + +  +  || i
0 0 0 0 0 0 + 2
0 0 0 0 0 0 + 3
0 0 0 0 0 0 + 4
0 0 0 0 0 +  +  +  +  5
0 0 0 0 +  0 0 I e

I +  +  +  +  +  + |  +  +  +  0 0 J 7

The factor app lied  for th e  calculation o f th e  systolic m ean pressure showed 
significant differences in  Group 7, ß >  0.7 (Table 7), in the  o ther groups 
i t  was around 0.65. A fte r isoprenaline th e  ß values have no t changed signifi­
can tly , except in G roup 7 (Table 8).

TABLE 8

Factor ß i  j for systolic mean pressure. + . 5  =  1.5 min value of ß  after injection of 5 f ig  
isoprenaline. No chance after the administration of the drug, ß  denotes the systolic mean 

pressure coefficient 0 =  p  >  0.05, +  =  p  <  0.05, +  +  +  =  p  <  0.01

Group 1 2 I  3 4 5 6 7 Group

n  33 33 6 7 7 6 9
ß i , 5 0.65 0.64 0.64 0.65 0.63 0.68 0.72
S. D. 0.05 0.07 0.05 0.07 0.05 0.07 0.02

0 0 0 0 0 0 I + + +  1
0 0 0 0 0 0 +  +  +  j  2
0 0 0 0 0 0 + 1 3
0 0 0 0 0 0 0  4

0 0 0 0 0 0 + 5
0 0 0 0 0 0 0 I 6

+  +  +  j  + + +  +  0 +  0 0 7
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ANALYSIS OF PRESSURE CALCULATIONS

The im portance of th e  indirect m easurem ent of blood pressure has n o t 
decreased, it  is frequen tly  used in  office practice in  th e  intensive care units. 
I t  is often incorporated  in to  an  au tom atic  m onitoring system . In  some units 
it  is controlled b y  a com puter (Rastelli 1968). The m ean blood pressure 
calculated from  th e  noninvasive m easurem ent yields valuable inform ation 
for physical and  pharm acological loading studies.

For Sarnoff’s pressure tim e index, the  m ean systolic pressure is necessary. 
This index is a good ind icato r of the  0 2 consum ption of th e  m yocardium  
(Gábor et al. 1964a-c, 1966, 1969).

From  th e  in itia l p a r t  of our investigation, it  becam e clear th a t  th e  m ean 
blood pressure calculated  either from  th e  area below the  aortic, or 
carotid  pulse tracings is sim ilar. Therefore, the  application of noninvasive 
m easurem ent seems justified. Our m ethod differs from  th a t of W ezler and  
Böger (1939) in  th a t  th ey  have used the  subclavian a r te ry  tracing as the  
central pressure curve.

On th e  basis of our 303 exam inations it has been concluded th a t  for the  
calculation of th e  a rte ria l m ean blood pressure 40 per cent of the  pulse p res­
sure should be added  to  th e  diastolic pressure, the  form ula being

Pm — Pd 4 "  <*(Рs Prt)
(x =  0 .400±0.079).

The recom m ended x  value has a re la tively  sm all s tan d a rd  deviation, so
0.400 is a reasonable factor. The error does no t exceed th e  error of K oro t- 
koff’s m ethod of blood pressure m easurem ent. This figure is nearly  identical 
w ith  th a t (0.43) of W ezler and  Böger. 0.655 is recom m ended as a factor for 
th e  calculation of the  m ean systolic pressure. This is justified because of the 
sm all s tan d ard  deviation (S. D. =  ±0.070).

In  one-th ird  of the  cases, it  was stud ied  w hether th e  x  and  ß factors 
recom m ended by  us could be applied in pathological cases, and  afte r the  
adm inistration  of drugs. No difference was found betw een the  control and  
the  hyperkinetic, p rehypertensive and  hypertensive groups, there being a 
difference, however, betw een controls and  decom pensated cardiac patien ts  
if the  la tte r  had  hypertension as well. In  th is group, as seen in Table 6, the 
indices are higher.

These results encourage us to  calculate m ean blood pressure by  using the  
blood pressure m easurem ent over the  brachial a r te ry  and  the  area below 
th e  caro tid  tracing.

*
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The most accurate calculation of the  m ean arte ria l blood pressure could 
be m ade from the  area below th e  tracing. An approxim ation to  this is 
possible if to  the diastolic value the  a  or ß pulse pressure ra te  is added. This 
reasoning is supported  by the following facts.

1. There is no difference betw een the  values of factors a, which is the 
fac to r for the m ean arte ria l pressure, and  ß, which is the factor for systolic 
pressure, if th ey  are calculated e ither from  the  aortic (direct) or carotid  
(noninvasive) tracings.

2. On the basis of 303 exam inations a  =  40.0;p7.9 per cent and 
ß =  6 5 .5± 7 .0  per cent.

Because of th e  sm all s tan d ard  deviation these index figures are consid­
ered  adaptable for use.

3. B y com paring the  control and  p a tien ts’ groups a t rest and  after 5 fig 
isoprenaline it was found th a t  deviations from  these figures could only 
be seen in patien ts , who in addition  to  cardiac decom pensation also had 
hypertension. In  these patien ts the  figures were higher.

4. In  our studies th e  blood pressure m easurem ents and  the  area below 
th e  carotid  tracing  were used for the  calculation of m ean blood pressure.

CALCULATIONS R E G A R D E D  AS T H E  ANALYTICAL 
BASIS OF OUR COM PUTER STU D IES

In  this section some simple calculations are presented. This procedure 
is called ‘basic calculations’ because in itially  the results ob ta ined  im m edi­
a te ly  have been evaluated. Subsequently , th ey  have been used as basic 
figures for fu rth e r calculations.

These basic calculations can be seen in the  com puter sheet (Table 9). 
T he figures found in different individuals are shown separately . These d a ta  
were grouped according to  the principle given on p. 131. In  fron t of every 
ind ividual’s resu lts there are figures for identification. The first digit 
groups are serial num bers, th e  nex t denote sex, 01 =  male, 02 =  female, 
th e  nex t th ree digits refer to  age, the  last ones to  cardiac condition, 000 =  
=  healthy (no cardiac disease), 001 =  cardiac patien t.

E ach p aram eter is represented by  its resting value, ob ta ined  1.5 m in after 
isoprenaline, th e  in tegral of these values from  0 to  5 m in, th e  m axim al 
value after isoprenaline and the  re la tion  of the  la tte r  to  th e  1.5 min value.

The p rin ted  ‘basic d a ta ’ are as follows:

1. Incisura index
2. Peripheral index —1
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TABLE 9

A  sam ple  o f basic ca rd io v ascu la r d a ta  (P a tie n t G roup  No. 1)

ID E N T IF IE R : 027 02 016 000 56

INCIS. IND. PERIPHR. I PER IPH R . 2 MAX d C / d t  P m  F ms ALPHA BETA

0 MIN. 0.74 4.50 5.43 576.92 81.84 98.88 0.36 0.65
1.5 MIN. 0.43 6.03 7.36 1794.07 106.07 129.58 0.45 0.74
INTEGRAL 0.41 4.77 5.95 1407.05 89.24 111.03
MAXIMUM 0.74 3333.33
MAX/1.5 1.72 1.86

IDENTIFIER: 033 02 042 000 57

INCIS. IND. PERIPH R. 1 PER IPH R . 2 MAX d C / d t  P m  P m s  ALPHA BETA

0 MIN. 0.49 4.12 4.58 500.00 94.56 105.14 0.36 0.63
1.5 MIN. -  375.73 -  1400.00 7439.40 -  91.99
INTEGRAL — 218.68 — 1050.00 4968.15
MAXIMUM 9999.00 1900.00
MAX/1.5 1.36

IDENTIFIER: 034 02 042 000 58

INCIS. IND. PERIPH R. 1 PER IPH R . 2 MAX d C /d t  P m P m$ ALPHA BETA

0 MIN. 0.45 4.11 4.42 375.00 101.28 108.86 0.38 0.63
1.5 MIN. -  338.29 -  1125.00 7780.57 -  96.13
INTEGRAL — 234.47 -  858.75 6097.09
MAXIMUM 9999.00 1725.00
MAX/1.5 1.53

IDENTIFIER: 028 02 016 000 59

INCIS. IND. PERIPH R. 1 PER IPH R . 2 M A X  d C /d t  P m P ms ALPHA BETA

0 MIN. 0.35 3.72 4.12 625.00 88.94 98.65 0.47 0.72
1.5 MIN. — 527.42 -  5000.00 7763.63 -  77.04 -
INTEGRAL — 261.40 — 3043.75 5211.44
MAXIMUM 9999.00 6250.00
MAX/1.5 1.25

IDENTIFIER: 201 02 028 000 60

INCIS. IND. PERIPH R. 1 PER IPH R. 2 MAX dC/dt P m Pm$ ALPHA BETA

0 MIN. 0.68 5.54 6.27 1704.55 Л5.15 130.41 0.50 0.81
1.5 MIN. 0.67 5.56 6.39 1846.59 110.04 126.52 0.40 0.73
INTEGRAL 0.66 5.41 6.09 1924.72 114.85 129.35
MAXIMUM 0.70 2130.68
MAX/1.5 1.05 1.15
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3. P eripheral index —2
4. M ax dCjdt
5. P m (arterial m ean pressure)
6. P ms (systolic m ean pressure)
7. a lpha
8. b e ta

1. The height of the  incisura divided b y  th e  height of th e  highest po int 
o f th e  carotid  tracing.

According to  d a ta  in  th e  lite ra tu re  (G aderm ann and  Jungm ann  1964, 
D o n tas  e t al. 1961) th e  incisura is higher if the  peripheral resistance in ­
creases an d  it is lower if  th e  resistance decreases.

A rterial m ean blood pressure 
ejection tim e x  h e a rt ra te

T he arte rial m ean blood pressure is p rin ted  under 5, th e  ejection tim e 
is given as 0.01 sec.

I t  was expected th a t  th is  index w ould give us valuable inform ation b e­
cause it  has been show n in C hapter 2 th a t  the  m ax dC/dt correlates well 
w ith  th e  M SER index:

stroke volum e cardiac ou tpu t
ejection tim e pulse ra te  x  ejection

The m ax dCjdt refers to  a cen tral regulation, whereas th e  o ther d a ta  on 
th e  analogy of the  calculation of peripheral resistance (m ean pressure in­
cluded), refer ra th e r to  a peripheral regulation.

3. The difference betw een th is  an d  item  2 is th a t  in stead  of the  a rte ria l 
m ean  pressure here th e  systolic m ean pressure is used.

4. The calculation o f th e  m ax dCjdt was m ade a t zero tim e, according to  
th e  m ethod outlined  on p. 27 of C hapter 1.

m ax dC/dt =
9

m m  Hg sec

w here j  =  elevation of the  carotid  trac ing  during 1/100 sec, a =  systolic, 
b =  diastolic blood pressure difference, g =  the tim e to  the  peak of th e  
caro tid  tracing.
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The values afte r th e  drug 
were obtained by  tak in g  the  
peak  on the curve a t  zero tim e 
as 100 per cent (k0), th e  values 
a fte r isoprenaline being re la ted  
to  th is

k„:n =  0, 1, 1.5, 2, 3, 4, 5

m ax dC\dt =  .10Q íéfln  ~  bo) 
ffo

, , k„ • m ax dC\dtn 
m ax dC dt =  —---------------—- .

К

The P m, P ms, a lpha and  b eta  
calculations were e labo rated  in 
th e  previous section. H ere these 
values are used according to  
th is description.

F rom  the o ther param eters  
th e  incisura index an d  the  
m axim al change of th e  m ax 
dCldt were used a t  zero tim e. 
The selection of these p a ram ­
eters was based on random  
calculations. The m axim um  in ­
form ation was expected from  
these param eters. In  term s of 
the  sam e reasoning no o ther 
param eters were m ade use of.

The behaviour of th e  m ax 
dC\dt a t  rest and  its re la tive 
increase afte r 5 ,ug isoprenaline 
in various groups of p a tien ts  
was exam ined. F u rth e r g roup­
ing was m ade in the  control 
group, and  subgroups form ed: 
from  0 to  29 years =  a, from  
30 to  55 years =  b, from  56 
years =  c.

1/o V b  1 /c 2 '  3 4  5 6 7
s y s t o l i c  b l o o d  p r e s s u r e  

below between over below between over
145 145-175 175 145 145-175 175

mmHg mmHg mmHg mmHg mmHg mmHg

Fig. 73. T he  re s t va lu e  o f  th e  m a x  dC/dt is g re a t­
er' i f  th e  b lood p ressu re  is h igher. T here  is no 
difference b e tw een  ca rd iac  p a tie n ts  an d  con­
tro ls  w ith  s im ila r b lood  p ressu re  (G roups 1-6, 
3 -6 , 4—7), th e  age h as no influence ( l /а  u p  to  29 

y r, 1/b betw een  30-55 y r , 1/c over 55 yr)

s y s t o l i c  b l o o d  p r e s s u r e  
below between over below between over
145 145-175 175 145 145-175 175

mmHg mmHg mmHg mmHg mmHg mmHg

F ig. 74. R e la tiv e  change o f m a x  dC/dt a f te r  6fig 
isoprenaline. T he m a x  dC/dt show s a  sm aller 

increase in  p a tie n ts  w ith  h e a r t  disease
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Figure 73 shows th a t  the  m ax dCjdt in controls is th e  same in every  age 
group, and  the cardiac p a tien t w ith  high blood pressure and  th e  hypertonic 
p a tie n t w ith the  sam e blood pressure (but w ithout h ea rt disease) have a 
sim ilar m ax dCjdt value. H ow ever, th e  m ax dCjdt in  p a tien ts  w ith  higher 
b lood pressure is greater.

F igure 74 shows changes in th e  dCjdt a fte r 5 f i g  isoprenaline. I t  can be 
seen th a t this p a ram eter rem ains significantly lower in Groups 5, 6, 7, i.e. 
in groups w ith cardiac patien ts.

A fter these p relim inary  calculations the  num ber of p a tien ts  -  being low 
in these g ro u p s -  was increased.

The pulse ra te  and  the incisura index behaved sim ilarly to  th e  m ax dCjdt, 
b u t for some reason to  a lesser ex ten t. The tren d  was found more inform ative 
th a n  the  absolute figure, the  u p w ard  s tan d ard  deviation being higher.

Considering th a t  between th e  changes of the m ax dCjdt and  th e  dose of 
isoprenaline a logarithm ic correlation  exists, a  logarithm ic scale was used 
in th e  subsequent calculations.

*

F rom  the figures o f the d a ta  sheets some param eters were calculated 
w hich do no t need com plicated com putation. The usefulness of these p aram ­
eters was in te rp re ted  a t random . F or fu rther calculations the  m ax dC/dt 
a t  zero tim e, the  m axim al value a f te r  isoprenaline adm inistration , th e  values 
of the  incisura index a t the  sam e tim e intervals and  the  m ean blood pressure 
were used.
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CHAPTER 7

PARTIAL LOGARITHMIC REGRESSIONS 
OF ISOPRENALINE-EVOKED шах dC/dt ALTERATIONS

R E G R E SS IO N  ANALYSIS W IT H  VARYING DOSES 
OF IS O P R E N A L IN E

The p a tien ts  were investigated  according to  th e  grouping described p re­
viously. The following param eters have been studied:

1. The m axim al change in m ax dC/dt-,
2. The dose of isoprenaline;
3. The change in  m ean blood pressure;
4. The change in ejection time;
5. The change in h ea rt ra te ;
6. The change in incisura index.

The figures for param eters in points 3, 4, 5, 6 were calculated a t a tim e 
when the  change in  m ax dC\dt was m axim al. This was m ade as follows. 
The com puter was program m ed to derive the  tim e of the  m axim al change 
in m ax dCjdt (this was usually  0.5, 1 or 1.5 min), and  to  find the  related  d a ta  
for param eters in 3, 4, 5 and  6.

In  the  presen t s tu d y , firstly, the  value of each param eter and  secondly, 
the  value of m ultiple param eters were investigated, considering the  relation 
to  a particu la r disease s ta te . The values re la ted  to  the  control value and  
logarithm ic scale were used. The prelim inary calculations showed th a t  the 
selection of tim e in terva ls and  other param eters prom ised to  yield an  
efficient basis for fu r th e r  evaluation. This was an tic ip a ted  from  the  type 
of the  s tan d a rd  deviation of the single param eters w ithin and  outside the  
groups, and  from  the  fact th a t  the com bined d istribu tion  could be described 
by  linear correlation. (For th e  logarithm ic correlation dose-m ax dCjdt 
see ]). 105.)

P a rtia l logarithm ical regression analysis was made. F or calculations, 
the  m axim al change of m ax dCjdt was selected as dependent variable, on 
the  basis of our previous experience w ith this param eter. The calculations 
were aim ed a t finding o u t the  streng th  of the  correlation an d  th e  significance 
of the single param eters (Table 10). The first p a r t  o f th e  tables contains the  
means calculated from  th e  n a tu ra l logarithm  of th e  dose and  the  circulatory 
param eters and  it also contains the s tandard  deviation. The following scheme
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TABLE 10

P a r t ia l  logarithm ic  regression  w ith  v a ry in g  doses (P a tie n t G roup  N o. 2)

SAMPLE SIZ E : 098

MAX dCjdt DOSE P m E JE C T . TIM E PULSE RATE INCIS. IND.
MEAN: 0.4008 0.6737 0.0075 -0 .0 8 2 3  0.0707 0.3191

S. D.: 34.8503 • 1 0 - 2 10.0275 - 1 0 - 1 86.7393 • 10“3 13.8271 -1 0 ~ 2 13.2264 1 0 -2 51.0312 - 1 0 - 2

CORR.
MATR.: 1.0000 0.6562 0.0758 -0 .5 5 0 4  0.5043 0.1620

0.6562 1.0000 0.1259 -0 .5781  0.3519 0.1880
0.0758 0.1259 1.0000 0.0452 0.1590 -0 .3 9 5 5

-0 .5 5 0 4  -0 .5781  0.0452 1.0000 -0 .4326  -0 .1 5 5 9
0.5043 0.3519 0.1590 -0 .4 3 2 6  1.0000 —0.0055
0.1620 0.1880 -0 .3955  -0 .1 5 5 9  -0 .0 0 5 5  1.0000

D ISPER SIO N
COEFF.: 42.5383 • 10 ~2

TOTAL CORR.
COEFF.: 53.4885 • 10 ~2

PART.
CORR.:

-1 8 .0 0 0 0  • 1 0 -1 46.2385 - lO " 2 41.4137 • 10 - 1 -17 .5445  • 10- 2 33.3233 • 10- 2 70.1313 lO “3

REG RESSION
PARAM ETERS:

19.7829 • 10“2 15.8848 • 10 - 2 12.9309 • 1 0 -3 -40 .1113  • 10~2 72.3014 - 1 0 “2 36.9441 - 1 0 - 3

F TEST: 21.1601

R EL. E R R O R : —59.2940 • 10- 2

T TEST: 50.0186 - 1 0 - !  39.7230 • 10 ~3 -17 .0932  • 10 ~4 33 .9002 -10 -1  67.4336 Ю - 2

COV.
MATR.:

12.1454 • 10“2 22.9310 • 1 0 -2 22.9181 • 10- 4 -26 .5210  • 10~3 23.2450 - 1 0 - 3 28.8184- 1 0 - 3
22 .9310- I O - 2 10 .0550-10-1  10.9496 ■ 10 ~3 -  80.1555 • 10 ~3 46.6683- 10 - 3 96.1892- 10 ~3
22.9181 • IO“4 10.9496 ■ 10- 3 75.2371 • 10 -* 54.1741 • 10- 5 18.2457 • 10 - 4 -17 .5046  • 10~3

-2 6 .5 2 1 0  • 1 0 -3 -80 .1555  • 1 0 "3 54.1741 • IO -3 19.1188 • 10~3 -79 .1193  • 10~4 -10 .9973  • IO“ 3
23.2450 • 10- 3 46.6683 • 10- 3 18.2457 ■ 10- 4 -79 .1193  • 10- 4 17.4938 • 10 - 3 -36 .8904  • 10 ~5
28.8184 • IO -3 96.1892 • IO -3 -17 .5046  - 10~3 -10 .9973  ■ IO -3 -36 .8904  • IO -5 26.0418 ■ 1 0 -2

CORR.
MATR.:

21.5001 • lO -1 -98 .2667  • 1 0 -2 -69 .1955  • 10~4 34.2161 • 1 0 -2 -58 .9960  • 1 0 -2 -11 .6309  • 1 0 -2
-9 8 .2 6 6 7  • 1 0 -2 21.0070 • 10“ 1 -34 .2607  • 10~2 69.6076 ■ 1 0 '2 11.0559 ■ 10~2 -26.2041 • 1 0 -2
-6 9 .1 9 5 5  • lO -4 -34 .2607  • 10~2 12.9846 • 1 0 " 4 -25.9781 • 1 0 -2 -19 .1910  • 10~2 53.7471 ■ 1 0 -2

34.2161 • 1 0 -2 69.6076 • 1 0 -2 -25.9781 • 10~2 17.6905 • 10~4 38.9106 • 10~2 -11.1811 • lO -3
-5 8 .9 9 6 0  • 10- 2 11.0559 • 10 “2 -19 .1910  • 10- 2 38.9106 - lO “2 14.5783 - l O “ 1 67.5354 • 10- 3
-11 .6 3 0 9  • 1 0 -2 -26 .2041  • 1 0 -2 53.7471 • 10~2 -11.1811 • 10 ~3 67.5354 ■ lO "3 12.7928 • 10-»
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is a  correlation m atrix  w ith a  p a tte rn  of 6 X 6. In  appropriate  places in th is 
m atrix  the  correlation coefficients indicating the streng th  of th e  correlation 
can be found. The correlation is considered strongly positive if th e  correlation 
coefficient is positive also statistica lly , i.e. significantly different from  zero. 
The figures in Table 10 having no sign are to  be considered positive. F or the  
figures w ith  a negative sign th e  negative correlation was eva lua ted  in a 
sim ilar m anner. The rem aining poor correlations, independently  of their 
sign, indicate a lack of relationship. The ‘dispersion coefficient’ and  the  
‘to ta l correlation coefficient’ denote a  common varia tion  o f the  p aram ­
eters and  the  s treng th  of the relationship , resp.

The p artia l correlation coefficient characterizes the correlation between 
th e  single param eter and  the m ax dCjdt, w ith  the  exclusion of th e  bias given 
by  th e  four o ther param eters.

The param eters of the  regression function yield the coefficients of the  
linear regression equation:

У =  % +  а2хг +  азхз +  « А  +  а5хь +  “ А

from  which the  best equation (first grade) was calculated for th e  m ax dCldt, 
as a  dependent variable, and  the o ther param eters, as independent variables. 
(The equation  is ‘b est’ in th e  sense th a t  from  the  theoretically possible equa­
tions ju s t the  ay . . .  a6 values are su b s titu ted  thus approaching the  values 
of m ax dC\dt which are actually  m easured.) As additional d a ta  th e  F  
te s t, th e  ‘relative erro r’ and  th e  t test, which indicate the  s tren g th  of the  
regression connection, the  correctness of the  approxim ation and  th e  streng th  
of th e  relationship w ith  single independent variables are also given.

The covariance m atrix  and  the  correlation m atrix  (included for th e  sake 
of com pleteness) are no t evaluated.

T he F  te s t indicates th a t, in general, there is a significant correlation be­
tw een th e  change of the  m axdC/dt and  th e  o ther param eters exam ined. I t  is 
a  general rule th a t  the  values of the  m ean blood pressure have n o t changed 
and  have not influenced the correlations significantly.

The o ther param eters show m arked altera tions in every group. The deta il­
ed  analysis of these param eters is as follows.

The ejection tim e and  the  pulse ra te  b o th  have an im portan t role b u t 
th ey  are inversely related , i.e. an  increase in  pulse ra te  is associated w ith 
a shortening of the ejection tim e. The diverse alterations can be seen in the 
correlation m atrix  as well. The re la ted  t tests  indicate th a t  in th e  groups 
containing ‘non-heart’ patien ts , the  ejection tim e shows a lesser correlation 
w ith  m ax dCjdt th an  w ith  the  pulse ra te , w hereas in the groups of ‘cardiac 
p a tien ts ’ th e  reverse holds true . The sam e discrim inative pow er can be
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expected  from  th e  tw o  param eters, th is being th e  justification for using 
them  interchangeably.

In  contrast to  th e  tw o  above-m entioned param eters, the  incisura index 
shows no re lationship  to  the  height of th e  blood pressure or the ty p e  of 
h ea rt disease. There is a  correlation, however, w ith  th e  m ean blood pressure. 
This suggests th a t  th e  incisura index is more of an  indicator of the peripheral 
resistance th an  of m yocard ial contractility .

F rom  studies of th e  dose-effect correlations, it can be s ta ted  th a t in th e  
control group the  re la tionsh ip  to  m ax dCjdt is ex trem ely  close. This is also 
so in Group 2 and  in  b o th  groups th is correlation is closer th an  th a t of the  
dose and the ejec tion  tim e. In  Groups 3, 4, 5-7, th e  dose has the closest 
correlation w ith th e  ejection tim e. The dose—pulse ra te  relationship is no t 
so strong as the  ejec tion  tim e-dose relationship.

*

The param eters have, in general, a correlation w ith  the change of th e  
caro tid  derivative. T he m ean blood pressure hard ly  plays a role, the  be­
haviour of the in c isu ra  index is no t constan t. E jec tion  tim e and the  a lte ra ­
tion  of the pulse ra te  indicate strong negative correlation. In  the ‘n o n -h eart’ 
p a tien t groups, e jec tion  tim e shows a  poorer correlation with m ax dCjdt, 
whereas this is close w ith  the h eart ra te  in the group of ‘cardiac p a tien ts ’.

The effect of th e  vary ing  doses of isoprenaline is indicated  most sensit ively 
by  max dCjdt.

CALCULATIONS W ITH F IX E D  IS O P R E N A L IN E  DOSES

In  our previous stud ies the dose of isoprenaline was greatly  variable, and  
th e  m agnitude o f th e  dose biased m arkedly the  m ost im portan t param eters. 
Therefore, th e  resu lts  obtained a fte r adm in istration  of 5 fig isoprenaline 
were analysed. E xperim ents were also m ade w ith  10 fig isoprenaline, though 
it was found th a t  th is  gave no fu rth e r inform ation.

The results have been analysed in tw o ways:

1. At the  tim e o f m axim al elevation of dCjdt (see p. 147);
2. At a fixed tim e, 1.5 min, which, in general, is the  starting  po in t of the  

decline in th e  reac tion  provoked by  isoprenaline.

The m easurem ent outlined in po in t 1 was perform ed in every group. 
P o in t 2 was s tu d ied  only in G roup 2, th is being only a prelim inary study . 
I t  was concluded th a t  the investigation a t 1.5 m in was less inform ative.
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The param eters were identical w ith those described on p. 147, except 
th a t  th e  dose was fixed.

The F  tests, in co n tra st to  w hat was found in cases w ith  changing doses, 
were no t significant, or th e ir values were smaller. The t te s ts  were in general 
n o t significant. There was one exception: in Groups 3 an d  4, th e  changes of 
the  ejection tim e an d  m ax dC\dt showed significant difference (see later).

All these im ply th a t  w ith  fixed dose, the  param eters  are independent of 
each o ther giving m ore inform ation on individual events.

I t  should be no ted  th a t  th e  m ax dCldt and  the  changes in th e  pulse ra te  
in every group had  little  or no correlation (Chapter 4, pp . 64, 68, 96). Conse­
quently , th e  two param eters  used as independent en tities enabled us to 
distinguish individuals an d  groups according to  th e ir cardiac condition.

The param eters in th e  groups were studied w ith th e  help of th e  correlation 
m atrices (Table 11).

Group 1 . Controls

a. Max dCjdt increases independently  of o ther param eters. I t  goes fu rther 
th an  m ight be expected from  the  increasing h ea rt ra te .

b. H ea rt ra te  changes m arkedly. This shows close negative correlation 
w ith  the  ejection tim e, b u t  it  is no t dependent on o th er param eters.

c. The incisura index varies readily  b u t has no relationship  to  o ther 
param eters.

d. The m ean blood pressure does no t change.

B ased on these facts i t  can be s ta ted  th a t hea lthy  circulation reacts 
rem arkably  to  5 yg isoprenaline: con tractility  increases (max dC\dt), there 
is a higher h eart rate , an d  peripheral resistance decreases (incisura index). 
F rom  the  po in t of view o f th e  param eters, the  com pensatory  mechanisms 
are independent, having considerable reserves (see p. 195).

Group 2 M ainly hyperkinetics

a. Max dCjdt increases m arkedly, however, th is  is n o t independent. 
I t  shows close correlation w ith  th e  incisura index, w hich indicates a de­
crease in peripheral resistance, and  in some individuals w ith  th e  decrease 
in blood pressure.

b. P ronounced increase in  h ea rt ra te , b u t the  h ea rt ra te -e jec tio n  tim e 
correlation ceased to  exist.

c. The change of the incisura index is not independent, nevertheless, 
beside m ax dCjdt i t  correlates w ith  the  changes in m ean blood pressure as 
well.
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TABLE 11

P a rt ia l lo garithm ic  regression w ith  fixed dose (P a tie n t G roup  N o. 1)

DOSE =  5
SAMPLE SIZ E : 063

MAX dC/dt P m E JE C T . TIME PU LSE RATE INCIS. IND.

MEAN: 0.9111 -0 .0271  -0 .2 4 3 9  0.3394 0.5509

S.D.: 24.9478 • 10 - 2 13.5575 • 10 ~2 12.8804 • 10 ~2 16.2050 • 10 ~2 55.0223 • 10- 2

CORR. MATR.: 1.0000 0.1017 -0 .2102  0.0793 0.0293
0.1017 1.0000 -0 .0201  0.1614 -0 .3383

-0 .2 1 0 2  -0 .0201  1.0000 -0 .3 5 4 0  0.0815
0.0793 0.1614 -0 .3540  1.0000 0.1982
0.0293 -0 .3 3 8 3  0.0815 0.1982 1.0000

D ISPE R SIO N  COEFF.: 79.2944 • 10-=

TOTAL CORR. COEFF.: 62.4599 • 1 0 - 3

PART. CORR.: -10 .0000  • 1 0 -1 12.9775 • 10 - 2 -21.4751 • 1 0 -2 -41 .7011  • 10 - 3 95.5953 • 10~3

R EG R ESSIO N
PA RAM ETERS: 80.6352 • 10 *2 25.7445 • 10 ~2 -44.9988 • 10 - 2 -71 .2531  • 10 - 3 47.4809 • 10 - 3

F  TEST: 96.6006 • 10 ~2

R E L . E R R O R : 26.5127 • 10 ~2

T TEST: 99.6769 • 10~2 -16.7456T 10 "1 -31 .7863  • 10~2 73.1382 • 10~2

COV. MATR.: 62.2395 • 10~3 34.3890 • 1 0 -4 -67 .5507  • 1 0 -4 32.0549 • 1 0 -4 40.1958 • 10"4
34.3890 • 1 0 -4 18.3806 • 10~3 -35.0609 • 1 0 -5 35.4597 • 1 0 -4 -25 .2357  • 10~3

-67 .5506  • 10- 4 -35 .0 6 0 9  • 1 0 1 6 . 5 9 0 5  ■ 10 ~3 -73 .8854  • 10 ~4 57.7624 • 10 1
32.0549 • 10 “4 35.4597 • 10- 4 -73 .8854  • 10 - 4 26.2602 • 10 ~3 17.6696 • 10- 3
40.1958 • 10- 4 -25 .2 3 5 7  ■ 10“3 57.7624 1 0 -4 17.6696 • 10~3 30.2746 • 10- 2

CORR. MATR.: 10.6662 • 1 0 -1 -1 4 .9 2 2 5  • 1 0 -2 24.7804 ■ 1 0 -2 49.3663 • 10~3 -11 .1695  • 1 0 -2
-14 .9225  • 1 0 -2 12.3962 ■ 10- 1 -  17.1482 • 10 ~2 -34 .9407  • 10"2 50.6946 • 10~2

24.7804 • 1 0 -2 -17 .1 4 8 2  • 10-2 12.4835 • 10- 1 50.2763 - 1 0 '2 -26 .6646  • 10- 2
49.3662 • 10~2 -34 .9 4 0 7  • 10-2 50.2763 - 1 0 '2 13.1388 • 10 "1 -42 .0997  • 10- 2

-11 .1695  • 10“2 50.6946 • 10- 2 -26.6646 • 1 0 -2 -42 .0997  • 10~2 12.7993 - lO " 1
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(TABLE 11 cont.)

Patient Group No. 2

SAMPLE SIZE: 050

MAX dC/dt P m

MEAN: 0.9157 -0 .0 8 8 6

S. D.: 22.7084 • 10 ~2 13.8003 • 10 " 2

CORR. MATR.: 1.0000 -0 .3462
-0 .3462  1.0000

0.0314 -0 .0146
0.1824 0.0980
0.3863 -0 .4 8 5 4

D ISPER SIO N  COEFF.: 58.2441 ■ 10 - 2

TOTAL CORR. CO EFF.: 22.5651 • 10 - 2

PART. CORR.: -10 .0000  • 10- 1 -22.4319 • 10 ~2

REG RESSION
PARAM ETERS: 83.9615 • 10~2 -40 .5156  • 10~2

F  TEST: 32 .7834-10-1

R E L . ER R O R : 21.8231 • 10 ~2

T TEST: -15 .4413  • 10- 1

COV. MATR.: 51.5671 • 10 ~3 -10 .8505  • 10 ~3
-10 .8 5 0 5  • 10- 3 19.0447 • 1 0 - 3

74.4357 • 10-5 -21.0281 • l O '5
59.3192 • IO -4 19.3654 • 10->
46.5157 • 1 0 -3 -35 .5227  • 10~3

CORR. MATR.: 12.9141 • 10- 1 31.7971 • 10 ~2
31.7971 • 10- 2 15.5588 • 10 "1

-26 .2306  • 1 0 -2 -13 .7788  • 10~3
-28 .1 5 5 8  • 10- 2 -51 .3523  • 10- 2
-31 .5 0 6 9  • 10 —2 81.5161 • 1 0 -2

EJECT. TIM E PULSE RATE INCIS. IN D. 

-0 .2 7 6 6  0.2749 0.6460

10.4249 • 10 - 2 14.3180 • 10 - 2 53.0319 • 10 - 2

0.0314 0.1824 0.3863
-0 .0146  0.0980 —0.4854

1.0000 -0 .4929  -0 .2780
-0 .4929  1.0000 0.3634
-0 .2780  0.3634 1.0000

19.5371 • 1 0 -2 19.4638- 1 0 - 2 20.7472 ■ 10- 2

44.2446 • 10- 2 34.5788 • 10- 2 10.4470 • 10 "2

13 .3634-10-1  13 .3113-10-1  14 .2272-10-1

74.4356 • lO -5 59.3192 • 1 0 4 6 . 5 1 5 7  • 10 - 3
-21.0281 • lO -5 19.3654 • 1 0 -“ —35.5227 • 10- 3

10.8678 • 10 - 3 -73 .5674  ■ lO -1 -15 .3668  • 10- 3
73.5674- lO “4 20.5004- 10- 3 27.5935 • 10- 3

-15 .3668  • 10 - 3 27.5935 • 10- 3 28.1239 • 10- 2

-26 .2306  • 1 0 -2 -28.1558 • lO -2 -31 .5069  • 10- 2
-13.7788 • 10 - 2 -51 .3523  • 10- 2 81.5161 ■ 10 - 2

13.9583 • 10 -! 64.7272- 10 - 2 24.7389- 10 - 2
64.7272 • 10- 2 16.2039 • 10 - i  -54 .9 4 4 0  ■ 10 ~2
24.7389 • 10- 2 -54 .9440  • 10 ~2 17.8579 • 10 - 1
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(TABLE 11 cont.)

P a tie n t G roup  N o. 3

EJECT. TIM E PU LSE RATEPm

-0.05447 -  0.2612

15.2306 • 10 - 2 11.0228 ■ 10- 2

MEAN:

S. D.:

CORK. MATR.:

SAMPLE SIZE:

PART. CORK.:

REG R ESSIO N
PARAM ETERS:

F TEST:

REL. E R R O R :

T TEST:

COV. MATR.:

CORR. MATR.:

MAX dC/dt 

0.8609

22.4565 • 10~2

1.0000
0.2456
0.4780
0.1326

-0 .0191

016

-1 0 .0 0 0 0  • 10 - i

10.5377 ■ 10

50.4294 • 1 0 - 3 
83.9977 ■ 1 0 - 4 
11.8331 • IO -3 
46.8809 • 10- 4 

-25.7429 • 10 - 4

16.8785 ■ 10-1 
-15.6139 • IO -2 
-11.4555 • 10-1 
-75.5615 ■ IO -2 

88.9422 • IO -3

0.2456
1.0000
0.1070
0.0888

-0.7723

35.1611 ■ IO -2

40.7529 • IO -2

63.2706 • IO -3

13.6397 • IO -2

18.9158 • 10-1

20.0786 • IO "2

21.0266 • 10-2

83.9977 • 10 - 4 
23.1972 • IO -3 
17.9598 • 10- 4 
21.3070 • 10 - 1 

-70 .6582  • IO -3

-15 .6139  • IO -2 
36.0818 • 10“ i 

-10 .5532  • 10-1 
-12 .6386  • 10-1 

30.3577 • 10-1

0.4780 
0.1070
1.0000 

-  0.4642 
0.0518

56.2903 • 10-2

13.8272 ■ lO -i

22.5879 • IO - '

11.8331 • IO -3 
17.9598 ■ 10- 4 
12.1501 • IO -3 

-80 .5749  • 10 - 4 
34.2901 • 10 - 4

11.4555 • IO - ' 
-10 .5532  • IO - ' 

24.5375 • 10-1 
15.7370 ■ 10-1 

-12 .0975  • lO -i

0.2835

15.7457 • IO -2

0.1326 
0.0888 

-0 .4642
1.0000 
0.1562

39.5443 • 10-2

63.8479 ■ IO 2

14.2793 • 10-1

46.8809 • 10- 4 
21.3070 • 10 - 4 

-80.5749 • 10 - 4 
24.7928 • IO "3 
14.7695 • IO -3

-75.5615 • IO -2 
-12.6386 • lO -i 

15.7370 ■ 10-1 
21.6321 • 10-1 

-14.0985 • 10-1

D ISPERSION  COEFF.: 

TOTAL CORR. COEFF.:

INCIS. IND. 

0.2681

60.0672 • IO -2

-0 .0191
-0 .7723

0.0518
0.1562
1.0000

-35.9367 • IO -3

-19.7006 • IO -3

-11.9266 • IO -2

-25 .7429  • 10- 4 
-70.6582 ■ IO -3 

34.2901 • 10 - 4 
14.7695 • IO -3 
36.0807 • IO -2

88.9422 • IO -3 
30.3577 • 10-1 

-12.0975 • 10-1 
-14.0985 • 10-1 

36.2916 • 10-1
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(TABLE 11 cont.)

P a tie n t  G roup  N o. 4

SAMPLE SIZE: 014

MEAN: 0.8236 -0 .0895  -0 .2441  0.2642 0.3611

S.D.: 36.8790 ■ 10~2 12.3295 • 10~2 10.4461 ■ 10"2 18.6831 • 10~2 63.3501 ■ 1 0 -2

CORR. MATR.: 1.0000 -0 .1 2 1 9  -0 .4757  0.0077 -0 .2046
-0 .1 2 1 9  1.0000 -0 .3570  -0 .0 2 1 0  -0 .3993
-0 .4757  -0 .3 5 7 0  1.0000 -0 .1917  0.0214

0.0077 -0 .0210  -0 .1 9 1 7  1.0000 0.2910
-0 .2046  -0 .3993  0.0214 0.2910 1.0000

D ISPESR IO N  COEFF.: 58.6898 • 10~2

TOTAL CORR. COEFF.: 45.2462 • 10 ~2

PART. CORR.: -10 .0000  • 10- 1 -50 .5158  • 10~2 -62 .5722  ■ 10~2 -18 .3610  • 10~3 -41 .6889  • 10~2

MAX d C /d t P m E JE C T . TIM E PU LSE RATE INCIS. IND.

REG RESSIO N
PARAM ETERS: 21.4133 - 1 0 - 2 -15 .2856  • 10 -23 .0384  • 10- 1 -28 .6715  • 10“3 -22 .7275  • 10 ~2

F  TEST: 18.5930 • 10-1

R EL. ER R O R : 33.1341 • 10 ~2

T TEST: -1 7 .5 6 0 0 -1 0 -1  -2 4 .0 6 4 8 -1 0 -1  -55 .0924  ■ 10~3 -1 3 .7 5 9 3 -1 0 -1

COV. MATR.: 13.6006 - 1 0 - 2 -55 .4198  • 10 - 4 -18 .3257  • 10~3 52.9214 - l O " 5 -47 .7921  • 10- 3
-55 .4198  • IO-4 15.2016 • 10 - 3 -45 .9808  • 1 0 - 4 8 . 3 2 3 4  • 10- 5 -31 .1846  • 10 ~3 
-18 .3257  • 10- 3 -  45.9808 • 10 - 4 10.9121 • 10 ~3 -37.4072 • 10- 4 14.1566 • 10- 4

52.9214 ■ 1 0 -5 -48 .3235  • 10 - 5 -37 .4072  ■ 1 0 -4 34.9060- 1 0 - 3 34.4369 - 1 0 - 3
-47 .7921  • 10- 3 -31 .1846  ■ 10- 3 14.1566 - l O ' 4 34.4369 - 1 0 - 3 40.1324 - 1 0 " 2

CORR. MATR.: 18.2636 ■ 10- 1 93.3326 • 10 - 2 11.9182 • 10 - i  26.5282 • 10 - 3 71.3026 • 10 ~2
93.3326 • 10"2 18.6908 ■ 10- 1 10.8615 - 10"1 -28.0657 • 10 - 3 92.2090- 1 0 " 2
11 .9182-10-1  10 .8615-10-1  19 .8645-10-1  22.9014- 10 ~2 56.8325- 10- 2
26.5282 • 10“3 -28 .0657  • 1 0 -3 22.9014 - 1 0 “2 11.4297 - l O “1 -34 .3231  • 10 - 2
71.3026 • 10 -2 92.2090 - 1 0 - 2 56.8325 - I Q - 2 -34.3231 • 10~2 16 .0171-10-1
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P a tie n t G roup  N o. 5

(TABLE 11 cont.)

SAMPLE SIZE: 019

MAX dC/dt Pm

MEAN: 0.6467 -0 .0 1 2 6  -  0.1498 0.2286 0.2246

S. D.: 29.9322- 10-2 69.6488 • 10~3 12.5764 • 10 ~2 16.7889- 10 ~2 39.5108 • 10- 2

CORR. MATR.: 1.0000 -0 .4 0 1 7  -0 .4 5 1 2  0.0052 0.2568
-0 .4017  1.0000 0.6299 -0 .0308  -0 .4246
— 0.4512 0.6299 1.0000 -0 .3481  -0 .5127

0.0052 -0 .0 3 0 8  -0 .3481  1.0000 0.3694
0.2568 -0 .4 2 4 6  -0 .5127  0.3694 1.0000

D ISPER SIO N  COEFF.: 49.6385 • 1 0 -2

TOTAL CORR. COEFF.: 24.4722 • 10 ~2

PART. CORR.: -10 .0000 • 1 0 "1 -11 .4105  • 10~2 -29 .4923  • 10~2 -15 .3350  • 10“2 52.2069 - l O " 3

REG RESSIO N
PARAM ETERS: 55.3884 ■ 1 0 “2 -58 .7245  • 10~2 -92 .9780  - 10~2 -27 .7446  • 10~2 42.3820 • 10~3

F  TEST: 11.3405 • 10

R EL. E R R O R : 40.2258 ■ 10- 2

T TEST: -42 .9749  - 10"2 -11 .5487  • 10~l -58 .0650  • 10~2 19.5607 • 10~2

COV. MATR.: 89.5935 • 1 0 - 3 -83 .7394  • 10 ~4 -16 .9866  - 10 - 3 26.2571 - l O “5 30.3668 - 1 0 - 3
-83.7393 • 10 - 4 48.5096 • 10~4 55.1719 - 1 0 - 4 -35 .9572  • 10- 5 -11 .6846  • 10~3
-16.9866 • 1 0 -3 55.1719 • 1 0 -4 15.8166 • 10~3 —73.4929 • 10~4 -25 .4 7 6 0  • 10~3

26.2571 • 10 - 5 -35.9572 • 10- 5 -73 .4929  • 10~4 28.1867 • 1 0 -3 24.5029 ■ 10- 3
30.3668 • 10-3 -11.6846 • 1 0 -3 -25 .4760  • 10~3 24.5029 • 10~3 15.6110 • 1 0 -2

CORR. MATR.: 13.2402 • 10 - 1 18.0921 ■ 10 ~2 51.7239 • 10 - 2 20.6042 • 10- 2 -74 .0717  • 10- 3
18.0921 • 1 0 -2 18.9878 • 10~4 -10 .8169  • 10” 1 -45 .7249  • 10~2 37.4100 • 1 0 -2
51.7239 • 1 0 -2 -10.8169 • 1 0 -1 23.2313 • 10“4 63.8527 • 1 0 -2 36.3087 • 10~2
20.6042 • 1 0 -2 -45 .7249  • 10~2 63.8527 • 10 - 2 13.6349 • 10- 1 -42 .3341  • 10 - 2

-74 .0717  • lO“3 37.4100 - l O " 2 36.3087 - 1 0 - 2 -42.3341 • 10 ~2 15.2039 ■ 10 -»

EJEC T. TIM E PU LSE RATE INCIS. IND.
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(TABLE 11 cont.)

P a tie n t G roup  No. 6

MEAN:

S. D.:

CORR. MATR.:

SAMPLE SIZE:

PA RT. CORR.:

R EG R ESSIO N
PARAM ETERS:

F  TEST:

R EL . E R R O R :

T TEST:

COV. MATR.:

MAX dC/dt

0.3550

12.4957 • 10

1.0000
0.0956

-0 .1795
0.2213
0.2001

014

-1 0 .0 0 0 0  • 1 0 - i

30.0419 • IO -2

15.6143 ■ 10- 3 
13.6149 • 10- 4 

— 32.6197 • 10~4 
38.7162 • 10- 4 
10.8252 • IO“3

Pm

-0 .0082

11.3932 ■ IO -2

0.0956
1.0000
0.1567
0.4466

-0 .7239

47.0314 • IO -2

20.9616 • IO -2

31.8693 • IO -2

55.6678 • 1 0 - 2

59.6716 • IO -2

31.2972 • IO -2

10.0867 • 10- 1

13.6149 • 1 0 -4 
12.9806 • IO -3 
25.9629 ■ 10- 4 
71.2468 • 10- 4 

-35 .7119  • I O - 3

-64 .2170  • IO“2 
32.0919 • 10-1 

-80.4941 • IO -2 
-10 .6760  • 10-1 

21.3402 • IO -2

EJECT. TIME

- 0.1112

14.5404 • IO -2

-0 .1795
0.1567
1.0000

-0 .3431
-0 .0841

-18 .2232  • IO“2

-16 .3489  • IO -2

-32 .6197  • 1 0 -4 
25.9629 • 10- 4 
21.1424 • IO -3 

-69 .8541  • 1 0 -4 
-52 .9750  • 10- 4

24.0694 • IO -2 
-80 .4941  • IO -2 

13.7887 • 10-1 
69.6924 • IO -2 

-35 .1 6 9 4  • IO -2

PU LSE RATE 

0.2065

14.0033 ■ IO“2

0.2213
0.4466

-0 .3 4 3 1
1.0000

-0 .2 3 4 1

53.9708 • IO -3

55.1757 • IO -3

38.7162 ■ 1 0 -4 
71.2468 • 10 - 4 

-69 .8541  ■ 10- 4 
19.6091 • IO -3 

-14 .1 9 4 6  • IO -3

-78 .2307  • IO -3 
-10 .6 7 6 0  • 10- 1 

69.6924 • IO -2 
16.6064 • IO -4 

-30 .9797  • IO“2

INCIS. IND. 

0.1809

43.2987 ■ IO -2

0.2001
-0 .7239
-0 .0841
-0 .2341

1.0000

39.5883 • IO -2

16.3339 • IO -2

10.8252 • IO“3 
-35 .7119  • IO -3 
-52 .9750  • 10 - 4 
-14 .1946  • IO -3 

18.7478 • 10-2

-71 .6084  • IO -2 
21.3402 ■ 10 

-35 .1694  • IO“2 
-30 .9797  • IO -2 

25.8602 ■ 10- 1

CORR. MATR.: 12.6521 • 10 - 1
-64 .2170  • 10-2 

24.0694 ■ IO -2 
-78.2307 • IO“3 
-71 .6084  • IO -2

D ISPE R SIO N  COEFF.: 

TOTAL CORR. COEFF.:
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(TABLE 11 coiit.)

P a tie n t G roup  N o. 7

SAMPLE SIZE: 013

MEAN: 0.5665 -0 .0 4 0 3  -0 .1789  0.2031 0.2454

S. D.: 41.3196 • IO"2 84.2572 • 10~3 10.5387 • 10~2 15.2590 • 10"2 40.5987 • 10“

CORR. MATR.: 1.0000 0.2964 -0 .5107  0.6045 0.3400

0.2964 1.0000 -0 .1122  0.0034 -0 .1969
-0 .5107  -0 .1 1 2 2  1.0000 -0 .8 1 2 0  -0 .1229

0.6045 0.0034 —0.8120 1.0000 0.4078
0.3400 —0.1969 -0 .1229  0.4078 1.0000

D ISPER SIO N  COEFF.: 34.2080 • 10 ~2

TOTAL CORK. COEFF.: 48.2999 • 10 “2

PART. CORR.: - 10.0000 • 10 - 1 40.3613 - l O  2 -60 .5757  • 10- 3 29.6045 • 10- 2 2 3 .5 8 9 0 -1 0 -

REG R ESSIO N
PA RA M ETERS: 27.3214 • 10"2 16.0409 ■ 10~4 -32 .0508  • 10~2 12.2197 • 10~4 21.4068 • 10-

F TEST: 18.6847 • 10- 1

R E L . E R R O R : 52.4405 • 10 - 2

T TEST: 12 4 7 7 3 -1 0 -1  - 17.1649 -1 0 ~ 2 87.6639 - 10~2 6 8 .6 5 7 2 -1 0 -

COV. MATR.: 17.0731 • 1 0 -2 10.3182 • 10~3 -22 .2400  • 10 - 3 38.1144 • H U 3 57.0336 ■ 10-
10.3182 - 1 0 -3 70.9928 • 10“4 -99 .6732  • 1 0 - 5 43.6732 • lO “6 -6 7 .3 7 0 7 - 1 0 -

-22 .2400  • 1 0 -3 -99 .6732  • 10"5 11.1063 - 1 0 - 3 -13 .0 5 7 3  • 10- 3 - 5 2 .5 9 9 9 - 1 0 -
38.1144 • i o - 3 43.4264 • 10~6 -13 .0573  • 1 0 -3 23.2836 • 10 -3 25.2631 • 10“
57.0336 • 1 0 -3 -67 .3707  ■ lO “4 -52 .5999  • 1 0 -4 25.2631 • 10~3 16.4826 • 10“

CORR. MATR.: 19.3423 • 1 0 -1 -63 .2685  ■ 1 0 -2 15.8116 • 1 0 -2 -87 .2845  • 10"2 -40 .6833  • 10"
-63 .2685  • 1 0 “2 12.7039 • 10“ 4 16.9219 • 1 0 -2 38.0645 • 10~2 33.0880 • 10“

15.8116 • 10- 2 16.9219 • 10 - 2 35.2248 ■ 10- 1 31.1352 • 10- i  -85 .7083  • 10 -
-87 .2845  • lO “2 38.0645 • 10 - 2 31.1352- 1 0 " 1 44.9416 - 1 0 “4 -1 0 .7 8 2 4 - 1 0 "
-40 .6833  • lO -2 33.0880 • 1 0 -2 -85 .7083  • 10- 2 -10 .7 8 2 4  • 10“4 1 5 .3 7 8 2 -1 0 -

MAX d C /d t  P m EJECT. TIM E PU LSE RATE INCIS. IND.
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The m yocardium  is no t affected in th is disease, th e  regulation of the  
circulation has changed and  an increased beta-adrenergic tone is a character­
istic feature (C hapter 4, pp. 79, 83). The presen t results po in t to  the p a ra ­
m ount role of the decrease in peripheral resistance. In  th is respect the patien ts  
differ from  the controls and  also from  the  hypertensives. This is in agreem ent 
w ith  the  finding th a t  i t  is possible to  produce a m odel of hyperkinesis under 
experim ental conditions by a sudden increase in  the  peripheral resistance 
through artificial sh u n ts  (Naszlady 1967).

Group 3. M ild  hypertension, systolic pressure between 145 and 175

a. Max dCldt increases m arkedly b u t it is no t fully independent . I t  has 
a positive correlation w ith  th e  change in ejection tim e.

b. Pulse ra te  increases b u t has no correlation w ith  ejection time.
c. The incisura index  and  mean blood pressure show a negative cor­

relation.

In  th is group th e  regulation of peripheral resistance has an  im portan t 
role, indicated  by th e  correlation betw een ejection tim e and  m ean blood 
pressure. This, however, does not affect the  regulation of con tractility  (max 
dC/dt). This la tte r  is connected w ith the lengthening of th e  ejection time. 
F rom  the  groups investigated  this connection could only be found in Group
3. I t  is known th a t  g rea te r systolic o u tp u t can lengthen the  ejection tim e. 
I t  is obvious th a t  th is  is so if peripheral resistance is no t too high. A t this 
stage (see pp. 71, 73, C hap ter 4) the  greater systolic o u tp u t is a  common find­
ing. On the  basis o f th e  regression analysis it seems th a t  in the  response 
afte r isoprenaline th e  volum e reaction is im portan t, in addition  to  the 
increase in peripheral resistance.

Group 4. Marked hypertension, systolic pressure^>175 m m  Hg

a. Max dC\dt increases m arkedly and correlates negatively  w ith  the  ejec­
tion  tim e.

b. Pulse ra te  increases considerably w ithout having a correlation w ith  the 
ejection tim e.

c. There is a  negative correlation betw een th e  changes in m ean blood 
pressure and  the incisura index.

In  m arked hypertension the  most im p o rtan t feature is the  increase in 
peripheral resistance (resistance hypertension). The regulation of contractil-
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i ty  has a negative correlation w ith  th e  changes of th e  ejection tim e, as in 
th e  group of cardiac p a tien ts . In  th is  respect there is a  difference betw een 
th is  g roup and Group 3.

In  Groups 2, 3 an d  4 th e  reactions, shown by  th e  param eters, are som e­
w h a t similar. In  all th ree  groups th e  correlation betw een h ea rt ra te -e jec tio n  
tim e ceased to  exist. T here is, however, a  correlation betw een incisura index 
an d  m ean blood pressure. This could be ascribed to  the  more im p o rtan t 
role of th e  regulation o f the  peripheral resistance in th is group th an  in  the  
controls. The tren d  in  Group 2 is decreasing and  in Groups 3 and  4 it is 
increasing.

Group 5. Cardiac patients, no hypertension

a. M ax dCjdt has a  m arginal reac tion  and  it has a  negative correlation 
w ith  th e  changes in  ejection tim e an d  m ean blood pressure.

b. T he pulse ra te  increases inconsiderably  w ithou t having a correlation 
w ith  th e  ejection tim e.

c. The incisura index reacts m ore sluggishly.
d. The ejection tim e decreases only  slightly.

Group 6. Heart disease, m ild hypertension, systolic blood pressure between 
145 and 175 mm H g

a. Max dCjdt shows a  sluggish reaction.
b. There is a negative correlation betw een m ax dC/dt and  ejection tim e, 

th e  reaction of th e  pulse ra te  being weak.
c. The reaction o f th e  incisura index is also sluggish, there  is an  inverse 

correlation betw een th is  p a ram ete r an d  the  m ean blood pressure.
d. There is a  slight change in  ejection time.

Group 7. Cardiac patients, m arked hypertension, systolic pressure above 
175 m m  Hg

a. The reaction o f m ax dCjdt is slow, correlating negatively  w ith  the  
change in ejection tim e, a t th e  sam e tim e, it has a positive correlation w ith 
th e  h eart rate .

b. The pulse ra te  increases sluggishly, there  is an  inverse correlation be­
tw een  this p a ram ete r and  th e  changes in ejection tim e.

c. The incisura index reveals a  re ta rded  reaction.
d. E jection tim e shows a sluggish reaction.
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In  groups w ith  cardiac patien ts  (Groups 5, 6 and  7) it  is common th a t  
(г) reaction of all the  param eters is sluggish; (гг) there  is a  negative cor­
re la tion  between m axd C /d t and  ejection tim e; (ггг) there  is a  negative cor­
re la tion  between h ea rt ra te  and  th e  changes of ejection tim e.

These groups com pared to  the  controls show sluggish an d  m ore in te r­
re la ted  reactions.

To obtain  a b e tte r  insight into th e  possible concordance, th e  groups w ith 
an d  w ithout h eart disease were com pared.

Comparison of Groups 1 and 5. Common: h eart ra te -e jec tio n  tim e change 
inversely. D eviations: in Group 5 the  param eters react sluggishly, in Group 1 
th e  reactions are m arked. In  Group 5 th e  changes of m ax dC/dt, th e  ejection 
tim e and  mean blood pressure have a  negative correlation am ong them selves 
w hereas there is no such negative correlation in  Group 1.

Comparison of Groups 3 and 6. Common: there is a  positive correlation 
betw een the  changes in m ean blood pressure and  incisura index. D eviations: 
th e  param eters reac t sluggishly in G roup 6, whereas th ere  is a  vigorous 
reaction  in Group 3. In  the  la tte r, there  is a positive correlation between 
m ax  dC/dt and ejection tim e, this, however is not so in G roup 6. (The heart 
disease stops this connection, and, sim ilarly to  the  observations in Groups 
5 an d  7, it pushes tow ard  a  negative correlation.) In  G roup 6 there  is a 
negative correlation betw een ejection tim e and  heart ra te , w hereas this 
does n o t exist in Group 3.

Comparison of Groups 4 and 7. Common: a  negative correlation between 
m ax dC/dt and the changes of ejection tim e. D eviations: the  reactions reflect­
ed  b y  th e  param eters in Group 7 are sluggish, th is is n o t so in  G roup 4. 
In  G roup 7 there is a  negative correlation betw een h eart ra te  an d  ejection 
tim e. There is no such correlation in G roup 4. A positive correlation between 
m ax dCldt exists only in Group 7.

As a  basis for m ost cardiac diseases, there is deteriorating con tractility  
of th e  m yocardium  (Chapter 4, p. 96).

All param eters show decreased adap tab ility , there is a  reduced  reserve 
an d  th e  mechanisms are n o t independent.

The m ax dCfdt, which is an  index of contractility , shows a  sm aller in ­
crease, an d  it is no t independent of th e  decrease in  ejection tim e. The la tte r, 
however, is dependent on th e  pulse ra te . The appearance of hypertension 
does n o t d isturb  the  negative correlation betw een pulse ra te  an d  ejection 
tim e. In  Group 6 there is a  new regu lato ry  measure: th e  incisu ra-m ean
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F ig. 75. R egression  an a ly s is  a f te r  a d m in is tra tio n  o f  5 /ug isoprenaline. T he arrow s 
co n n ec t those  p a ra m e te rs  w hich show  a  reg u la r co rre la tio n  w ith  p a r tia l lo garithm ic  
regression analy sis. T he  positive  ( +  ) signs on th e  arro w s in d ica te  th e  s tre n g th  o f  th e  
co rre la tion . T he  b ro k en  line d en o tes  th e  d isc o n tin u a tio n  o f  th e  co rre la tion . T he 
n eg a tiv e  (—) signs below  th e  sing le  p a ra m e te rs  show  th e  significance an d  tr e n d  o f 
th e  change. A cco rd ing  to  th e  ex am in a tio n s , in  th e  co n tro ls  th e  p a ram e te rs ' show  re l­
a tiv e ly  in d ep en d e n t an d  sign ifican t changes (G roup 1). U n d e r  patho log ica l cond itions 
th e  reactions b ecom e m ore d e p e n d e n t an d  in te rre la tio n s  depend ing  on th e  p a th o - 
m echan ism  deve lop  (G roups 2, 3 a n d  4). I n  g roups w ith  h e a r t  disease (G roups 5, 6 

and  7), th e  p a ra m e te rs  re a c t m o re  sluggishly , becom ing  in te rd ep en d en t



pressure regulation. Nevertheless, i t  has no place in G roup 7 where pulse 
ra te  seems to  have a  param ount role.

The m ost seriously ill patien ts can be found in G roup 7, and  in th is group, 
beside dim inished con tractility , th e  peripheral re ac tiv ity  has also decreased. 
Here, th e  pulse ra te  seem s to  be th e  m ost im p o rtan t factor in  the  regulation. 
I f  the  p a tien t is u nab le  to  use th e  la tte r  m echanism , he has angina (Tábor 
1968), or his w orking capacity dim inishes fu rth e r (Endersz e t al. 1972) 
(Fig. 75).

*

Investigations were carried ou t in  controls and  p a tien ts  w ith various 
circulatory diseases a n d  partia l regression analysis was perform ed on the  
results. The effect o f 5 fig isoprenaline was stud ied  using the  following p a ­
ram eters: m ax dC\dt, m ean blood pressure, ejection tim e, h ea rt ra te  and 
incisura index.

In  controls (Group 1) these param eters change independently  from  each 
other, th e  changes being significant.

In  patien ts  different correlations were observed which can be related  
to  th e  pathom echanism  of the disease outlined on th e  basis of previous 
clinical investigation.

In  Group 2 containing m ainly hyperkinetics, th e  com puter analysis sup­
ports th e  view th a t th e  decrease in peripheral resistance has a  param ount 
role in the  developm ent of the contractility .

Group 3, which contains the m ild hypertonics, shows in con trast to  the 
o ther groups, th a t  th e  m ax dC\dt is positively correlated  w ith  the  change 
in ejection time. This explains the frequen t occurrence of ‘volum e hyper­
tension’ in  this group.

In  Group 4 including pa tien ts w ith  m arked hypertension, th ere  is a close 
correlation between incisu ra index an d  m ean blood pressure, indicating 
the  ‘resistance hypertension’ character of the  group.

In  con trast to  the previous groups, in  Groups 5, 6 and  7 w ith  heart dis­
eases, th e  param eters show a slower alteration , being less independent of 
each other. This suggests th a t, in add ition  to  the  dim inishing of the  regula­
tion of contractility  (which is an essential featu re of th e  disease), the 
mechanism  for the regu la tion  of pulse ra te  and  peripheral resistance has a 
sm aller room  for m anoeuvre. In  Groups 6 and  7, w ith  h ea rt disease com­
bined w ith  hypertension, th e  changes in  m ost param eters are accom panied 
by changes of the pulse ra te , the la tte r  being th e  determ inan t of the  circu­
la to ry  reactions of th e  p a tien t.
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CHAPTER 8

SEQUENCE AND EVALUATION OF VARIOUS 
DISCRIMINANT ANALYSES

L IN E A R  LOG A RITH M IC D ISC R IM IN A N T ANALYSES IN  CASES 
OF V A R IO U S G R O U PIN G S OF PA T IE N T S

In  th is section, an  analysis is p resen ted  in which individuals w ith  and 
w ith o u t heart disease are d istinguished  by using some param eters w ith  the 
help of discrim inant analysis.

F ive pg isoprenaline was adm in iste red  as in cases described in th e  p re­
vious section. The sam e p a tien ts  were exam ined, using th e  param eters 
a lready  calculated.

a. The m axim um  increase o f m ax  dC\dt,

m axim al value 
zero tim e value

b. Control (zero tim e) pulse ra te ;
c. R elative changes o f pulse ra te ,

pulse ra te  a t  th e  tim e of the  highest m ax dC/dt 
zero tim e pulse ra te

T he blood pressure was tak en  in to  consideration by  selecting th e  groups 
according to  zero tim e blood pressure (Chapter 7, p. 151), an d  b y  studying 
th e  changes in blood pressure, i.e. those of m ean blood pressure; those of 
th e  systolic pressure; disregarding th e  changes in blood pressure and  in te­
g ra ting  the p a tien ts  into tw o groups: w ith and  w ithou t h ea rt disease, w ith 
identical blood pressures; disregarding the  blood pressure a t  rest.

Thus, Groups 1 to  4 w ithou t h e a rt disease are confronted w ith  Groups 5 to  
7 w ith  h eart disease.

In  selecting these param eters our previous experience was utilized  (Chap­
te r  7, pp. 147, 150), showing th a t  these had  yielded re la tive ly  good infor­
m ation. They also have a p rac tica l value, nam ely, th ey  are easily m easurable.

A logarithm ic scale had  been used  for calculation also based on previous 
experience. Since th e  p aram eters  showed a satisfactory  linear correlation, 
th e  m ethod of logarithm ic d iscrim inan t calculation was chosen.
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The aim  of the  linear discrim inant analysis is to  find th e  linear combi­
nation of the param eters  used for discrim ination, in o th er words, the  sum 
of the  products w ith  constan ts which separate the  groups m ost efficiently. 
This m eans th a t  th e  com puter is program m ed to  find th e  constants for the  
single param eters w ith  which com bined figures can be produced, indicating 
the  condition of th e  m yocardium  and  being suitable for m ost reliably sep­
arating  groups w ith  a n d  w ithout h ea rt disease. A generally  accepted cri­
terion  for optim um  separation  is th e  highest grade of significance between 
the  tw o groups w ith  S tu d en t’s t test.

Table 12 contains th e  following item s:

8-1 matrix: This is th e  sum  of th e  products, m atrix  of th e  changes of the  
th ree variables which are the  bases o f evaluation (covariance-m atrix m ul­
tip lied  by  n— 1 degree o f freedom), in  groups clinically considered being w ith ­
out h ea rt disease.

8-2 matrix: The sam e in th e  corresponding group w ith  h ea rt disease.
8  matrix: The sum  o f >$'-] and  8 -2 . (Every elem ent of th e  m atrix  is equal 

to  the  sum  of th e  corresponding 8 -1 and  8 - 2  m atrix .)
S  inverse: The inverse m atrix  of the  previous m atrix  m ultiplied w ith the 

8  m atrix  yields th e  u n it m atrix .
Lambdas: D iscrim inan t coefficients obtained by  m ultip ly ing the  vectors 

(differences of th e  m eans) by  th e  S  inverse.
Mahalanobis’ D2: In  analyses w ith  more variables (between groups 

characterized by  vectors) th is is th e  habitual D 2 d istance, which in our 
case m arks the  separation  of groups confronted (heart disease or not) on the  
basis of all param eters. The D  value gives the deviations between the  means 
of the  groups m entioned  above, re la ted  to  the  s tan d ard  deviation inside the 
group.

F  test: I t  yields th e  significance of the  distance m entioned previously, 
using th e  F  tables.

Z  alphas: T hey are th e  values of th e  individuals ob ta ined  by  discrim inant 
analysis, by  m ultip ly ing  the  param eters of the  exam ined individual w ith 
th e  corresponding lam bdas, and  by  adding up these figures.

Table 12 fu rth e r contains th e  individuals to  be com pared according to  
the  m agnitude of th e  Z  alphas, th e ir group-affiliation, serial num ber and  
num ber for identification.

The denotation  Z  alpha was applied according to  th e  accepted usage of 
the sta tis tica l lite ra tu re : Z  m eans th e  com bined figures m entioned above, 
while alpha refers to  th e  group.
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TABLE 12

DOSE =  5
SAM PLE NO. AND SIZE 

GROUP 104 : 149 
GROUP 507 : 047

M EAN:
G ROUP 104 
GROUP 507 

D IFFE R E N C E  
O F MEANS:

S -l MATRIX:

S-2 M ATRIX:

S MATRIX:

S IN VERSE:

LAMBDAS: 
M AHALANOBIS’ D2: 
F  TEST 

Z ALPHAS:

MEAN:
GROUP 104 
GROUP 507 

S. D.:
GROUP 104 
GROUP 507

D iscrim inant analysis 
(Patient Groups 1 to  4 vs. 5 to 7) 

a  B asie  ca lcu la tions

I I I  I I I
GREATEST IN ITIA L TIME LOG PULSE

INCREASE IN  LOG PULSE RATE INCREASE
LOG MAX RATE AT I

dC/dt

0.8983 4.4105 0.3031
0.5239 4.4252 0.2129

0.3744 -0 .0147  0.0902

9.1584 0.2816 0.6251
0.2816 4.6708 -2 .1192
0.6251 -2 .1192  3.7366

4.8485 0.1828 0.6021
0.1828 2.3718 -0 .5082
0.6021 -0 .5082  1.0550

14.0070 0.4644 1.2272
0.4644 7.0426 -2 .6273
1.2272 -2 .6273  4.7916

0.0743 -0 .0151 -0 .0273
-0 .0151  0.1816 0.1034
-0 .0 2 7 3  0.1034 0.2724

0.0256 0.0010 0.0128
2.0796 

-  24.5120

0.0313
0.0206

0.0069
0.0090
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0001
0002
0003
0004
0005
0006
0007
0008
0009
0010  
ООН 
0012
0013
0014
0015
0016
0017
0018
0019
0020 
0021 
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044

NO.

(TABLE 12 cont.) 
b  Discriminant scores

1  I J f  lH iX \

0407 0.0053
0623 0.0057
0626 0.0084
0628 0.0085
0564 0.0096
1176 0.0099
0020 0.0105
0620 0.0123
0383 0.0144
0051 0.0146
0846 0.0149
1333 0.0154
0622 0.0156
0621 0.0156
0003 0.0159
0402 0.0162
0517 0.0162
1331 0.0164
1355 0.0165
0891 0.0169
0381 0.0171
0001 0.0177
1364 0.0181
1301 0.0182
0055 0.0183
0624 0.0184
0508 0.0185
1303 0.0186
0761 0.0188
0629 0.0196
0390 0.0200
0445 0.0202
1366 0.0205
1001 0.0205
1178 0.0206
1262 0.0212
1199 0.0213
1249 0.0213
0853 0.0215
1201 0.0217
0848 0.0217
0928 0.0219
1275 0.0224
1250 0.0224

GROUPS 1, 2, 3, 4 GROUPS 5, 6, 7
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T nvxr D ISC RIM I­
NO. ' GROUPS 1, 2, 3, 4 GROUPS 5 ,6 ,7  NANT

TH R ESH O LD

0045 1214 0.0226
0046 0529 0.0226

______________________________ ___ — ------------------------------------------------------- 0.0228
0047 0492 0.0231
0048 0375 0.0231
0049 0343 0.0234
0050 0962 0.0238
0051 1229 0.0240
0052 0565 0.0240
0053 0519 0.0242
0054 0518 0.0244
0055 0987 0.0245
0056 1180 0.0245
0057 0509 0.0246
0058 0991 0.0247
0059 0486 0.0249
0060 0607 0.0250
0061 0512 0.0253
0062 0352 0.0257
0063 0885 0.0260
0064 0793 0.0260
0065 0888 0.0260
0066 0361 0.0261
0067 0606 0.0261
0068 0379 0.0263
0069 0977 0.0264
0070 1191 0.0264
0071 0354 0.0265
0072 0903 0.0265
0073 0530 0.0265
0074 0883 0.0267
0075 0844 0.0268
0076 0821 0.0270
0077 0344 0.0270
0078 0877 0.0272
0079 0485 0.0275
0080 0969 0.0275
0081 0372 0.0275
0082 0974 0.0276
0083 0989 0.0277
0084 0017 0.0277
0085 0863 0.0277
0086 0359 0.0279
0087 0934 0.0280
0088 0380 0.0281

(TABLE 12b cont.)
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NO.

0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100 
0101 
0102
0103
0104
0105
0106
0107
0108 
0109 
ОНО 
0111 
0112
0113
0114
0115
0116
0117
0118
0119
0120 
0121 
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132

(TABLE 126 cont,)

ID E N ­
T IF IE R GROUPS 1, 2, 3, 4

0392
0869 0.0281
0857 0.0284
0879 0.0285
0489 0.0285
0873 0.0288
0897 0.0290
0439 0.0291
0855 0.0293
083? 0.0293
0523 0.0293
0355 0.0293
0871 0.0294
0865 0.0294
0875 0.0295
0552 0.0295
0859 0.0297
0881 0.0297
0790 0.0297
0919 0.0297
0818 0.0298
0942 0.0302
0913 0.0303
1309
0456 0.0304
0358 0.0305
0806 0.0306
0068 0.0306
0922 0.0308
0487 0.0309
0799 0.0312
0059 0.0312
0804 0.0313
0825 0.0314
0520 0.0314
0815 0.0314
0353 0.0314
0830 0.0316
0809 0.0317
0360 0.0318
0495 0.0319
0812 0.0320
0985 0.0323
0434 0.0323

GROUPS 5, 6, 7

0.0281

0.0303
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(TABLE 126 cont.)

0133 0838
0134 0861
0135 0002
0136 0662
0137 0356
0138 0840
0139 0562
0140 0400
0141 0365
0142 0500
0143 0910
0144 0345
0145 0979
0146 1357
0147 0403
0148 0965
0149 0597
0150 0362
0151 0836
0152 0550
0153 0341
0154 0525
0155 0916
0156 0515
0157 0521
0158 0550
0159 0776
0160 0369
0161 0348
0162 0449
0163 0038
0164 0545
0165 0061
0166 0030
0167 0971
0168 0850
0169 0669
0170 0419
0171 0397
0172 0900
0173 0828
0174 0466
0175 0493
0176 0869

NO ID E N -T IF IE R GROUPS 1, 2, 3, 4

0.0323
0.0325
0.0325
0.0328
0.0329
0.0331
0.0332
0.0332
0.0336
0.0338
0.0338
0.0339
0.0339

0.0341
0.0341
0.0342
0.0343
0.0344
0.0345
0.0345
0.0346
0.0347
0.0350
0.0355
0.0357
0.0357
0.0358
0.0360
0.0361
0.0362
0.0363
0.0363
0.0365
0.0368
0.0376
0.0380
0.0381
0.0382
0.0386

0.0390
0.0391
0.0395

GROUPS 5, 6, 7

0.0341

0.0390
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(TABLE 126 cont.)

0177 0572
0178 0983
0179 0394
0180 0497
0181 0460
0182 0507
0183 0014
0184 0758
0185 0503
0186 0405
0187 0349
0188 0342
0189 0541
0190 0012
0191 0409
0192 0437
0193 0465
0194 0404
0195 0684
0196 0451

NO ID E N -T IF IE R GROUPS 1, 2, 3, 4

0.0398
0.0402
0.0402
0.0406
0.0413
0.0426
0.0430
0.0431
0.0431
0.0435
0.0436
0.0437
0.0438
0.0442
0.0452

0.0470
0.0475

0.0528

GROUPS 5, 6, 7

0.0453

0.0513

In  Table 12 th e  clinically ‘fit’ persons were arranged in th e  left-hand  
column, whereas th e  ‘sick’ persons in  th e  righ-hand column.

Since th e  7j values are arranged v ertic a lly  following each o ther according 
to  th e ir m agnitude, th e  result is th a t ,  according to  the  m athem atical p re ­
diction, in  the  upper p a r t  of the colum n are those being ‘more sick’, while 
a t th e  bo ttom  those being ‘more h e a lth y ’. On the  basis of th is tab u la tio n , 
the  best d iscrim inant border line was chosen so th a t  the  conform ity betw een 
‘clinical’ an d  ‘m athem atica l’ diagnosis be th e  greatest. In  o ther words it 
m eans th a t  th e  s tan d a rd  deviation o f th e  7i values of the  clinically ‘h ea lth y ’ 
and  ‘sick’ groups, resp., should have th e  sm allest overlap. As a m a tte r  of 
fact, such a  division could only be m ade im perfectly. The individuals belong­
ing to  th e  opposite side of the dividing line, according to  th e  clinical ev a lu a­
tion, were m arked as ‘erroneously lis ted ’. Thus, there were cases w ith  ‘errone­
ously h ea lth y ’ (clinically sick, b u t m athem atica lly  fit) and  ‘erroneously 
sick’ (clinically hea lthy  b u t m athem atica lly  sick) listing.

In  th e  following th e  problem  how m an y  ‘erroneous’ listings have been 
m ade in th e  various com parative s tu d ies  is dealt w ith  and  finally these 
cases are discussed individually.
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DISCRIM INANT ANALYSIS IN  G ROUPS SELECTED  ACCORDING 
TO T H E  CHANGES IN  M EAN BLOOD PR E SSU R E

On the  basis of th e  zero tim e blood pressure, m atched  groups of controls 
an d  cardiac p a tien ts  were com pared:

Group 1 w ith  G roup 5
Group 2 w ith  G roup 5
Group 1 +  2 w ith  Group 5
Group 3 w ith  Group 6
Group 4 w ith  G roup 7

Moreover, each g roup  was d ivided on th e  basis of its reaction to  5 Mg 
isoprenaline: the  increase was higher or lower th a n  10 mm Hg. The sub­
groups were also com pared in pairs.

This m ethod yielded the  significant separation  of the  two groups in every  
case where the a lte ra tio n  of the  m ean blood pressure was below 10 mm Hg 
(this was done using th e  y2 test). In  subgroups w ith  higher th an  10 m m  Hg 
increase of m ean blood pressure, th e  num ber of cases was no t sufficient to  
calculate m athem atica l significance.

In  th e  groups deviating  significantly, th e  change of m ax dC/dt had  the 
m ost im portan t role, as did th a t  o f the  pulse ra te . The pulse ra te  a t  rest 
p layed  a subord inate  role.

Of th e  89 individuals clinically considered ‘h ea lth y ’ (the change in m ean 
blood pressure being no t g reater th a n  10 m m  Hg), m athem atical analysis 
found  79 (89 per cent) ‘correct’ listing an d  10 (11 per cent) ‘erroneous’ listing. 
A t the  same tim e, of th e  30 individuals clinically considered ‘sick’ 26 (87 per 
cent) were listed correctly  and  14 (13 per cent) incorrectly.

The m ethod has an error, nam ely th a t  a  considerable num ber of ind iv id­
uals (39 per cent) in  whom m ean blood pressure increased by  more th a n  
10 mm Hg, were n o t evaluated.

DISCRIM INANT ANALYSIS IN  GROUPS SELECTED ACCORDING 
TO T H E  CHANGES IN  SYSTOLIC PR E SSU R E

In  this p a r t, com parisons were m ade identically  to  the previous ones w ith  
th e  difference th a t  th e  10 mm H g lim it was re la ted  to  the  systolic pressure. 
In  view of the  experience gained previously, Groups 1 and  2 were combined. 
T he comparisons, excep t in Group 1, have yielded significant results. In  th is
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grouping each case could be eva lua ted , however, th e  weight of th e  p a ram e­
ters  used for separation varied.

Sum m arizing the  results, i t  was found  th a t  of th e  clinically ‘h ea lth y ’ 
people 136 (91 per cent) were ‘h ea lth y ’ using m athem atical criteria, and  13 
(9 per cent) were sick. Of 47 p a tien ts  w ith  clinical h ea rt disease 37 (79 per 
cent) were ‘sick’ m athem atically  an d  10 (21 per cent) were healthy . The 
error, calculated in percentage, was nearly  identical in  the groups above 
an d  below 10 m m  Hg blood pressure change produced by  isoprenaline.

DISCRIM IN A NT ANALYSIS W ITH O U T CO N SID ERING  T H E  
CHANGES IN  BLOOD PR E SSU R E

The groups and  m ethod were sim ilar as in the two previous experim ents, 
except th a t  we disregarded the  changes afte r isoprenaline.

I f  Groups 1 and  2 were confronted w ith  Group 5 th ere  was a  statis tica lly  
significant difference, the  overlap, however, was considerable, so th e  m ethod 
is no t suitable for individual separation .

Group 4 confronted w ith Group 7 d id  no t reveal significant difference, 
th e  overlap being also great. On th e  contrary , Group 3 confronted w ith 
Group 6 showed a m arked difference. In  th is series of 31 cases only one 
proved  to  be erroneously listed.

CUMULATIVE DISCRIM INANT ANALYSIS. PATIENTS W IT H  
AND W ITH OU T H E A R T  D ISEASE

In  th is com parison all patien ts w ith  h ea rt disease were confronted w ith 
p a tien ts  w ithout heart disease. The m ethods were sim ilar to  those used 
previously.

Of the  clinically ‘hea lthy ’ people (n =  149) 137, (92 per cent) had  
concordant and  12 (8 per cent) d iscordan t m athem atical listing. Of the  47 
clinically ‘sick’ patien ts, 34 (72 per cent) agreed an d  13 (28 per cent) 
disagreed w ith  th e  m athem atical characterization.

The coefficients of the d iscrim inant analysis ob tained  b y  group division, 
according to  blood pressure, showed g rea te r oscillations th an  those w ith  no 
division. I t  m ust be adm itted  th a t  th e  groups divided according to  blood 
pressure are m uch smaller. Nevertheless, the  trends in  these groups are 
also identical and  support the conclusions draw n from  the discrim inant 
analysis perform ed in the  non-divided groups. I t  is clear th a t  th e  changes
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of th e  m ax dCjdt and  th e  pulse ra te  give more inform ation for the  charac­
te riza tion  of th e  h e a r t’s condition. T he logarithm s of the  changes reveal 
th a t  the  values of th e  m ax dC/dt have double weight, in o ther words re la ted  
to  th e  original value th ey  are p resen t in  squares, com pared to  the  ra tio  of 
th e  h ea rt rate , w hich is linear.

The d iscrim inant scores calculated  on pp. 167-71 according to  the  Z  
a lp h a  values separate  the  ‘cardiac p a tien ts ’ from  those of the  ‘h ea lth y ’ ind i­
v iduals a t 0.0228. T he individuals having  a lower value are sick, those w ith  a 
h igher value are healthy . The lam bda corresponding to  th e  m ax dCfdt is 
0.0256, to the  zero tim e pulse ra te  it is 0.0010 and  to  the pulse ra te  coincid­
ing w ith  the g reatest change of th e  m ax dCjdt it is 0.0128.

I t  can be s ta te d  th a t  by excluding th e  zero tim e pulse ra te , if the (max 
dCjdt)2 m ultiplied b y  the  pulse ra te  a fte r adm in istra tion  of isoprenaline 
becomes greater th a n  4.2025 tim es th e  base line value, th e  individual is 
healthy . I f  it  is sm aller, the p a tien t is sick (see later).

The four d iscrim inant analyses show th a t  th e  results will no t be b e tte r  
if  the  zero tim e blood pressure an d  h eart ra te  are calculated. As far as listing 
is concerned, th e re  is no im provem ent if the  isoprenaline-induced changes

F ig .  76. X  an d  г-based se p a ra tin g  func tions o b ­
ta in e d  b y  log a rith m ic  d isc rim in an t analysis. I f  
th e  p o in t  d e te rm in ed  b y  va lues x  and  z (rep re sen t­
in g  a n  in d iv id u a l u n d e r  inves tiga tion ) is lo ca ted  
o n  th e  r ig h t side o f  th e  coo rd ina te , th e  in d iv id u a l 
is m a th e m a tic a lly  ‘h e a lth y ’, i f  i t  is located  on  th e  
le f t  side, he is m a th e m a tic a lly  ‘ill’. F o r sym bols 
see F ig . 78
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The function dividing the tw o groups is as follows:

4.2025z = ---------
X2

where
th e  g reatest value o f m ax dCjdt a fte r isoprenaline__________________________________ ■----------------------------  *

zero tim e value of m axdC/dt 

pulse ra te  a t  tim e lx)
Z =  zero tim e value of pulse ra te  ’ (F lg ' 76)'



of the  systolic an d  mean blood pressure are considered. The changes found 
in connection w ith  these param eters  show no regularities. I t  is no t w orth­
while using these tabulations.

A t the sam e tim e the question emerges w hether it  is w orth  using la ter 
on the  advantages of the calculation m entioned on p. 172, nam ely the  results 
of the  changes of systolic blood pressure, to  avoid  ‘erroneous’ listing.

*

Linear logarithm ic discrim inant analyses were carried o u t w ith  the aim 
to  separate p a tien ts  w ith an d  w ithou t h ea rt disease. F o r th is  calculation 
(г) the  m axim al increase in th e  dC/dt, (гг) th e  re st pulse ra te , (ггг) th e  in­
crease of th e  pulse ra te  afte r 5 q.g isoprenaline were used.

Groups w ith  and  w ithout h e a r t  disease were com pared, th e  pa tien ts 
having an identical zero tim e blood pressure. Subgroups were form ed on the 
basis of the reactions provoked by  isoprenaline:

a. The change in mean blood pressure is g rea ter th an  10 m m  Hg.
b. The change in  systolic b lood  pressure is g reater th an  10 mm Hg.
c. D isregarding subgroups a an d  b.
d. W ithout considering zero tim e blood pressure, in th is w ay all pa tien ts 

w ith  and w ithou t h ea rt disease being compared.

These investigations reveal th a t  for the  characterization  of th e  h ea rt’s 
condition, of th e  th ree  param eters, th e  m ax dCfdt and  the  changes in h eart 
ra te  provide th e  best guide. In  th e  function used for separation , the  m ax 
dCjdt is present in  square value.

The analysis m entioned in d  p roved  to  be th e  m ost inform ative. On this 
basis of the  clinically ‘hea lthy’ group (n =  149) 137 (92 per cent) showed 
concordant and  12 (8 per cent) d iscordant resu lts by  m athem atica l listing. 
Of 47 the clinically proved cardiac cases 34 (72 per cent) showed concordant 
and  13 (28 per cent) discordant results.

D ISCRIM IN A N T ANALYSES C O N SID ER IN G  
T H E  CHANGES OF m ax dCjdt, SYSTOLIC BLOOD P R E S S U R E

AND P U L S E  RATE

Previous studies indicated th a t  th e  application of the  changes in systolic 
pressure (у ) could be helpful. Therefore program s were designed in which 
th is factor was also used as d iscrim inant p aram eter besides m ax dCjdt (x) 
and  h eart ra te  (z).
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In  program s A  th e  d iscrim inant function  discussed earlier was used w ith 
th ree  variables (C hapter 9, p. 218). In  o ther words, th e  com binations of the 
logarithm s of m ax dCjdt, systolic pressure and  change of pulse ra te  were 
sough t which give th e  best m eans o f separating th e  ‘h ea lth y ’ an d  ‘non- 
h e a lth y ’ groups.

In  program s В  th e  linear changes of th e  sam e param eters were used. 
T able 13 shows th a t  th e  logarithm ic transfo rm ation  of the  changes in 
program s A  gives a  slightly  b e tte r  chance for separation .

P rogram s A  an d  В  and  the  subsequent program s have been p repared  in 
tw o varian ts. The first v arian t {A1 an d  />,) according to  th e  accepted view 
in th e  literature of the  d iscrim inant analysis presupposes th a t  in the groups 
to  be separated  th e  s tan d ard  dev iation  of the  d iscrim inant variables and

TABLE 13

Comparison of discrim inatory statistics for program s A  to  J

Chances ol forecast in clinically healthy Significance of the F
Program and cardiao groups Hit probability deviation from over- Mahala-

lapping nobis’ to D 8

A x 9.4 90.6 76.6 23.4 83.6 16.4 9 .67- 10 - 15 27.2
A„ 10.7 89.3 76.6 23.4 82.9 17.1 3 ,46 -10-1*

B x 14.1 85.9 76.6 23.4 81.3 18.7 7.52 • 10- 43 18.6
B 2 17.1 82.6 76.6 23.4 79.6 20.4 1.39 • 10 ~41

Ct 10.7 89.3 83.0 17.0 86.1 13.9 6.37 ■ 10 14.5
C2 10.1 89.0 80.9 19.1 85.4 14.6 2.82 • 10 - ' 6

D x 10.7 89.3 83.0 17.0 86.1 13.9 6.37 • 10 ~17 14.8
D„ 14.1 85.9 80.9 19.1 83.4 16.6 1.48 • 10“14

E x 10.7 89.3 83.0 17.0 86.1 13.9 6.37 • 10 - 17 22.0
Е г 13.4 86.6 83.0 17.0 84.8 15.2 9.67- 10 ~16

F t 12.1 87.9 83.0 17.0 85.4 14.6 2.51 ■ 10 - ie 43.0
F 2 13.4 86.6 83.3 17.0 84.8 15.2 9-67 ■ 10 - 16

Gj 9.4 90.6 74.5 25.5 82.5 17.5 7.23 • 1 0 -14 39.9
G„ 10.7 89.3 74.5 25.5 81.9 18.1 2.49 • 10- 43

H x 13.4 86.6 83.0 17.0 84.8 15.2 9.67 • 10 ->6 66.6
Я 2 13.4 86.6 83.0 17.0 84.8 15.2 9.67 • IO“16

I x 11.4 88.6 76.6 23.4 82.6 17.4 6.50 ■ IO“44 39.1
I„ 12.1 87.9 76.6 23.4 82.3 17.7 1.21 ■ IO "13

J x 11.4 88.6 76.6 23.4 82.6 17.4 6.50 • IO“1* 39.1
J 2 12.1 87.9 76.6 23.4 82.3 17.7 1.21 • IO-13
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th e  correlations existing between them , are identical. Since th is  p resuppo­
sition  is usually n o t valid, in th e  second varian t (A 2 an d  B 2) d iscrim inant 
analyses were perform ed w ith a rb itra ry  stan d ard  deviations and  correla­
tio n  coefficients.

I t  was found (pp. 164-73) th a t  th e  weight of the variab les in  calculations 
A  and  В  was no t uniform ly ap p a ren t, in  program s C an d  I)  an  a tte m p t was 
m ade to  im prove i t  b y  using qu ad ra tic  discrim inant analysis. Since there  is 
n o t m uch difference betw een logarithm ic or non-logarithm ic values and  the 
calculations w ith th e  power of logarithm  seemed unrealistic, in  program s C 
th e  figures were applied  showing th e  changes in th e  param eters  w ithout 
logarithm ic transform ation . E v en tu a lly , from these d a ta  a quadratic  dis­
crim inant function was formed. In  program s D  the  square roots o f th e  v a­
riables were used to  form  a m ixed q uadratic  d iscrim inant function. Thus, 
a  com parison of program s C and I) provides a m eans for s tudy ing  th e  effect 
o f the  transform ation  o f the  variables. In  Table 13 it can be seen th a t  there 
is no difference betw een the  results o f program s C and  D. H ence, th e  s tru c­
tu re  of the function is of a  g reater im portance th a n  the  m agnitude of the 
exponen t in the single term s. Our previous results, an d  th e  aim  th a t  the  
separating  function should be as sim ple as possible, inspired  th e  idea of 
leaving ou t the term s yielding only scan ty  inform ation o f the, original qua­
d ra tic  discrim inant functions. So p rog ram  E  was produced, th e  essence of 
th is  being a selection, i.e. from program s C1 and C2 only th e  m ost inform ative 
term s (see Tables 14a-p) were kep t. In  C\ the  x  and  x2, in  C2 th e  x  and  xy  
are the  m ost im p o rtan t term s.

(In  program s G, D  an d  E, as in p rogram s A  and  В  th e  first v a rian t p re­
supposes identical, th e  second an y  s tan d a rd  deviations an d  correlations. 
T he sam e is valid for program s F, G, H , I ,  and  J ,  too.)

Therefore, a function  w ith  th ree  variables was created , in which x, x2 
an d  xy  yielded by th e  previous functions take  p a r t them selves m ultiplied 
b y  z. In  this a ttem p t xyz  and  x2z a re  new term s. The xyz  corresponds well 
to  th e  results of p rogram  A 1 and  th e  x 2z to  the final conclusions of the  dis­
crim inan t analysis described on pp. 164-73. In  Table 13 it  can be seen 
th a t  discrim inant analyses Cv  Dv  give equally op tim al resu lts from  the 
p o in t of view of forecast and  hit, a n d  in  respect of the  significant deviation 
from  overlap. These are identical n o t only m athem atically  b u t in view of 
ind ividual judgm ent (diagnosis) as well.

N ote th a t ‘h it p ro b ab ility ’ is no t iden tical w ith th e  agreem ent percen­
tage  (Eig. 80), b u t is th e  common average of concordanes (Table 13) a t ­
tach ing  higher weights to  discordances in sm aller groups.
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TABLE 14

D iscrim inant analysis 

TABLE 14a

M eans o f g roups

Group No. A  В
1 2.534 1.794
2 3.018 2.018
3 6.868 3.862
4 3.487 2.281
5 4.165 2.583
6 9.478 4.929

TABLE 146

MS and  F  values o f variance analyses for single properties

B E T W E E N  W IT H IN
F A C T O R  TO TA L P O P U L A - P O P U L A - F

T IO N S  T IO N S

D F 195 1 194
1. MS 19.5711 0.4834 48.49
2. MS 35.7892 0.7331 48.82
3. MS 335.6817 17.2388 19.47
4. MS 51.9026 1.2845 40.41
5. MS 89.4962 2.0267 44.16
6. MS 739.5891 36.1738 20.45

TABLE 14c

Frequency distribution of p roperty  1

А  В
0 .9 6 -1 .1 2  0 2
1 .1 3 -1 .3 0  0 5
1 .3 1 -1 .4 7  4 8
1 .4 8 -1 .6 4  2 6
1 .6 5 -1 .8 2  9 12
1 .8 2 -1 .9 9  6 3
2 .8 8 -2 .1 6  21 3
2 .1 7 -2 .3 4  30 4
2 .3 5 -2 .5 1  15 0
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(TABLE 14c cont.)

A  В

2 .5 2 -  2.69 9 0
2 .7 0 -2 .8 6  16 2
2 .8 7 -  3.03 15 0
3 .84 -3 .21  3 0
3 .2 2 -3 .3 8  3 0
3 .3 9 -3 .5 5  5 0
3 .5 6 -3 .7 3  1 0
3 .7 4 -  3.90 1 0
3 .9 1 -4 .0 8  4 0
4 .0 9 -  4.25 2 0
4 .2 6 -4 .4 2  1 0
4 .4 3 -4 .6 0  1 0
4 .6 1 -4 .7 7  0 0
4 .7 8 -4 .9 5  0 1
4 .9 6 -  5.12 0 1
5 .1 3 -5 .2 9  0 0
5 .3 0 -  5.47 0 0
5 .4 8 -5 .6 4  1 0

TABLE U d

F req u en cy  d is tr ib u tio n  o f  p ro p e rty  2

A  В

0 .8 2 -1 .8 2  0 1
1 .03 -1 .23  0 3
1 .2 4 -  1.45 1 7
1 .46 -1 .66  3 5
1 .6 7 -  1.88 3 9
1 .89 -2 .09  6 9
2 .1 0 -  2.30 10 3
2 .3 1 -  2.52 19 2
2 .5 3 -  2.73 19 2
2 .7 4 -  2.95 19 3
2 .9 6 -  3.18 15 0
3 .1 7 -3 .3 7  18 0
3 .3 8 -3 .5 9  8 1
3 .6 0 -3 .8 0  3 0
3 .8 1 -  4.02 6 0
4 .8 2 -  4.23 9 0
4 .2 4 -  4.44 1 0
4 .4 5 -4 .6 6  2 0
4 .6 7 -  4.87 2 1
4 .8 8 -  5.09 1 0
5 .1 0 -  5.30 2 0
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(TABLE 14d cont.)

A  В
5 .3 1 -5 .5 1  1 0
5 .5 2 -5 .7 3  0 0
5 .7 4 -5 .9 4  0 1
5 .9 5 -6 ,1 6  0 0
6 .1 7 -6 .3 7  0 0
6 .3 8 -6 .5 9  0 0
6 .6 0 -6 .8 0  0 0
6 .8 1 -7 .0 1  1 0

TABLE U e

F req u en cy  d is tr ib u tio n  o f  p ro p e r ty  3 
.4 В

0 .1 6 -  1.18 0 2
1.19— 2.22 4 13
2 .2 3 -  3.26 11 13
3 .2 7 -  4.30 15 6
4 .3 1 -  5.34 37 2
5 .3 5 -  6.37 20 2
6 .3 0 -  7.41 15 1
7 .4 2 -  8.45 15 1
7 .4 2 -  8.45 15 1
8 .4 6 -  9.49 10 0
9 .5 0 -1 0 .5 2  3 1

10.53-11 .56  5 0
11 .57-12 .65  3 0
12 .61-13 .64  1 0
13 .65-14 .68  0 0
14 .69-15.71 1 0
15 .72-16 .75  4 0
16 .76-17 .79  1 0
17 .80-18 .83  2 0
18 .84-19 .87  0 0
19 .88-20 .90  1 0
20 .91 -21 .94  0 0
21 .95-22 .98  0 0
22 .99-24 .02  0 1
24 .03-25 .06  0 1
25 .07-26 .09  0 0
26 .10-27 .13  0 0
27 .14-28 .17  0 0
28 .18-29 .21  0 0
29.22 — 30.25 0 0
30 .26-31 .28  1 0
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TABLE 14/

F req u en cy  d is tr ib u tio n  o f  p ro p e rty  4
A  В

0 .91 -1 .18  0 4
1 .19-1 .47  1 2
1 .48-1 .75  3 7
1 .76-2 .03  7 9
2 .1 4 -  2.32 5 10
2 .33 -2 .60  14 8
2 .61 -2 .88  15 2
2 .89 -3 .17  18 0
3 .18 -3 .45  23 1
3 .46 -3 .73  12 1
3 .74 -4 .82  16 0
4 .0 3 -4 .3 0  10 0
4 .3 1 -4 .5 8  4 8
4 .59 -4 .87  3 0
4 .8 8 -5 .1 5  4 1
5 .16 -5 .43  3 0
5 .44 -5 .72  4 1
5 .73 -6 .00  1 0
6 .01 -6 .28  3 0
6 .29 -6 .57  1 0
6 .58 -6 .85  0 0
6 .86 -7 .13  1 0
7 .1 4 -  7.42 0 0
7 .43 -7 .70  0 0
7 .71 -7 .98  0 1
7 .99 -8 .27  1 0

TABLE U g

F req u en cy  d is trib u tio n  o f  p ro p e rty  5

A  В
0 .8 9 -  1.24 0 5
1 .2 5 -  1.59 1 2
1 .6 0 -  1.95 2 8
1 .9 6 -  2.31 6 8
2 .3 2 -  2.66 7 12
2 .6 7 -  3.02 11 4
3 .0 3 -  3.37 20 1
3 .3 8 -  3.73 10 2
3 .7 4 -  4.09 24 2
4 .1 0 -  4.44 18 0
4 .4 5 -  4.80 12 0
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(TABLE Ug oont.)

A  В
4.81 — 5.15 8 1
5 .1 6 -  5.51 5 0
5 .5 2 -  5.87 7 0
5 .8 8 -  6.22 6 0
6 .2 3 -  6.58 2 0
6 .5 9 -  6.93 0 0
6 .9 4 -  7.29 5 1
7 .3 0 -  7.64 3 0
7.65 -  8.00 0 0
8 .8 1 -  8.36 1 0
8 .3 7 -  8.71 0 0
8 .7 2 -  9.07 0 0
9 .0 8 -  9.42 0 1
9 .4 3 -  9.78 0 0
9 .79-10 .14  1 0

TA B LE 14ft

F req u en cy  d is tr ib u tio n  o f  p ro p erty  6
A  В

- 0 . 3 8 -  1.19 0 2
1 .2 0 -  2.69 3 15
2 .7 0 -  4.20 9 17
4.21 - 5.70 21 7
5 .7 1 -  7.20 33 1
7 .2 1 -  8.71 22 1
8 .7 2 -  10.21 15 1

1 0 .2 2 -  11.71 13 0
1 1 .7 2 -  13.22 7 0
1 3 .2 3 -  14.72 5 0
1 4 .7 3 -  16.23 5 1
1 6 .2 4 -  17.73 2 0
1 7 .7 4 -  19.23 1 0
1 9 .2 4 -  20.74 3 0
2 0 .7 5 -  22.24 5 0
2 2 .2 5 -  23.74 1 0
2 3 .7 5 -  25.25 1 1
2 5 .2 6 -  26.75 0 0
2 6 .7 6 -  28.25 1 0
2 8 .2 6 -  29.76 1 0
2 9 .7 7 -  31.26 0 0
3 1 .2 7 -  32.76 0 0
3 2 .7 7 -  34.27 0 0
3 4 .2 8 -  35.77 0 0
3 5 .7 8 -  37.28 0 0
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(TABLE 14Й coiit.)

А В
3 7 .2 9 -  38.78 О О
3 8 .7 9 -  48.28 0 1
4 0 .2 9 -  41.79 О О
4 1 .8 0 -  43.29 О О
43.30- 44.79 1 О

TABLE 141

D iscrim inant coefficients (lambdas)

1. 0.000707
2. 0.044068
3. -0 .006365
4. 0.039690
5. -0 .027251
6. -0 .002079

TABLE 14;

Frequency d istribu tion  of Z  values

A  В
4 6 9 -  501 0 1
5 0 2 -  533 0 1
5 3 4 -  566 0 3
5 6 7 -  598 0 1
5 9 9 -  631 1 2
6 3 2 -  664 1 4
6 6 5 -  696 2 5
6 9 7 -  729 3 3
7 3 0 -  761 2 2
7 6 2 -  794 1 11
7 9 5 -  827 6 5
8 2 8 -  859 10 1
8 6 0 -  892 8 8
8 9 3 -  924 24 4
9 2 5 -  957 20 2
9 5 8 -  990 19 2
991-1022  25 0

1023-1055 21 0
1056-1087 4 0
1088-1120 2 0
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TABLE 14 к

Multiplied Z  values in growing order 

M U L T IPL IE R  =  10 000 

ID E N T IF IE R  Z I Z2

0623 492
0407 501
0564 535
0626 553
0628 557
1175 589
0620 601
0451 622
0383 630
0020 634
0846 642
0621 649
0622 649
0514 657
0891 670
1355 674
0381 677
1333 679
1364 681
0402 691
1331 698
0508 703
0624 716
0003 722
1301 723
0001 725
1303 734
0761 752
0390 754
0055 758
0629 762
0684 764
1249 767
0437 774
0529 774
1178 781
1199 781
1214 782
1201 783
0853 786
1262 789
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(TABLE 14i cont.)

M U LTIPLIER =  10 000

ID E N T IF IE R  Z \

0445 789
1229
0848 797
0928 799
1366
0343
0962 809
0962 809
0375 809
1250 
0807
0991 825
1001 826
1275
8518 831
0512 833
0352 843
0978 847
0492 848
0486 848
0565 852
0821 853
0519 853
0509 856
0888 862
0903 865
0530 878
0934 880
0485 887
0793 887
0989 888
0844 889
0344
0877 895
0857 895
0017 895
1191
0875 897
0855 899
0869 899
0879 902
0883 903
0523 903

Z2

795

802
806

811
817

831

894

897
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186

M U LTIPLIER  =  10 000 

ID E N T IF IE R  Z \  Z2

0873 904
0974 907
1180 907
0969 907
0833 910
0977 911
0380 911
0606 915
0913 918
0465 918
0865 919
0885 922
0361 922
0361 922
0830 924
0379 924
0825 924
0487 924
0881 926
1309 926
0662 926
0353 927
0439 928
0861 929
0409 929
0859 931
0942 931
0520 934
0897 935
0349 936
0392 940
0068 941
0068 941
0790 943
0871 943
0818 944
0806 948
0359 951
0489 952
0434 952
0812 955
0863 957
0404 958

(TABLE 14к cont.)



(TABLE 14к  cont.) 

M U LTIPLIER  =  10 000 

ID E N T IF IE R  Z \  7Л

0985 958
0354 961
0804 961
0919 965
0456 968
0002 970
0922 971
0971 973
0348 975
0840 978
0562 979
0495 985
0965 981
1357 982
0552 984
0815 985
0799 987
0828 988
0059 988
0403 991
0836 991
0360 992
0525 994
0405 995
0372 997
0355 998
0597 998
0910 999
0400 999
0550 1002
0838 1004
0341 1005
0356 1008
0916 1011
0394 1012
0365 1014
0979 1016
0776 1016
0515 1017
0345 1018
0550 1019
0362 1019
0809 1028
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(TABLE 14 к cont.)

M U L T IP L IE R  =  10 000

IN D E N T I F IE R  ZI

0038 1023
0449 1024
0012 1024
0030 1028
0061 1030
0014 1031
0541 1033
0503 1036
0358 1036
0545 1036
0369 1036
0758 1037
0460 1038
0669 1040
0900 1040
0497 1041
0869 1046
0572 1048
0397 1050
0507 1052
0983 1052
0850 1057
0493 1061
0466 1063
0466 1063
0342 1070
0419 1096
0500 1106

G RO UP MEANS 
939 743

TABLE 141

F o recas t a n d  h i t  s ta tis tic s

CHANCES OF 
FORECAST

DISCRIM INANT
THRESH O LD

H IT  AND 
E R R O R  P E R ­

CENTAGE

SIGNIFICANCE 
OF T H E  D E V I­
ATION FROM  

OVERLAP

10.7 89.3 83.0 17.0 828 86.1 13.9 6.370 • 10- 17
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TABLE 14m

V ariance a n a ly s is  o f  th e  Z  values

FACTOR SS D F  MS F

TOTAL 195

BETW EEN  POPULATIONS 0.01364 6 0.0022726
21.93

W IT H IN  POPULATIONS 0.01954 189 0.0001034

PER C EN TU A L R E D U C T IO N  OF D 2 
W H E N  OM ITTING  SIN G LE V A RIA BLES

1. 0.00
2. 3.58
3. 3.36
4. 3.36
5. 2.50
6 . 0.86

TA BLE J 4 n

D ecom position  o f th e  generalized d is tan ce  D 2 in to  effects o f single an d  p a ired  v a riab les

COMPONENT DETERM IN ATIO N  COEFFICIENTS

ABSOLUTE RELATIVE
B'i 0.0000 0.002
B% 0.2762 14.139
B l  0.1355 6.935
B'I 0.3790 19.402
B \  0.2920 14.946
B'I 0.0303 1.553
2Bj B „  R 12 0.0068 -  0.347
2Bj B 3 R 13 -0 .0 0 4 9  -0 .2 5 3
2B 1 B t  R u  0.0074 0.381
2B l B 3 R 15 -0 .0061  -0 .311
2В, В G R lf . -0 .0023  -0 .1 1 5
2B 2 B 3 R 23 -  0.35 63 -18 .240
2B 2 B t  R 2i 0.5635 28.819
2B 2 B 5 R 25 -  0.5 1 09 -  26.155
2B 2 В ß R 2g -0 .1 6 6 7  -8 .5 3 4
2B 3 B t  R 3l -0 .3 9 0 2  -19 .976
2B 3 B e R 35 0.3178 16.270
2B 3 B 6 R 36 0.1237 6.330
2B 4 B 3 R i3  -0 .6 4 0 5  -32 .787
2B t  B 6 R i6  -0 .2 0 3 7  -10 .428
W & B G R 3f. 0.1695 8.675

TOTAL (D2) 0.0195 1.000
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TABLE 14 о

Effect o f th e  variables on shaping th e  D 2 generalized distance

PERCENTUAL CONTRIBUTION
PROPERTY B 2/ D 2 +  2 B j B j l l i j / D 2 =  H

(DIRECT) (INDIRECT) (TOTAL)
1. 0.240 2.437 2.677
2. 1413.865 -1188.100 225.765
3. 693.550 -793 .417  -9 9 .8 6 7
4. 1940.204 -1699.590 240.614
5. 1494.614 -1715.387 -220 .7 7 3
6. 155.252 -203 .668  -4 8 .4 1 6

TABLE 14p

Correlation m atrix  of th e  differences of the means

1.000 0.942 0.980 0.883 0.821 0.946
0.942 1.000 0.921 0.870 0.900 0.911
0.980 0.921 1.000 0.861 0.799 0.964
0.88? 0.870 0.861 1.000 0.963 0.950
0.821 0.900 0.799 0.963 1.000 0.900
0.946 0.911 0.964 0.950 0.900 1.000

The construction of th e  separating  func tion  was suggested on th e  basis 
of /Í, analysis (Table 14а-p). This is sim pler th an  the  others, has a sm aller 
num ber of term s, th e  F  value being sligh tly  more significant. The resu lt is 
considered the  ‘best m athem atica l’ diagnosis and  it is com pared w ith  the  
clinical observation. As a final resu lt of 172 cases 87.7 per cent concordance 
was found betw een th e  m athem atica l calculation and  clinical diagnosis 
an d  discordance in 24 cases, i.e. 12.3 per cent. Of the individuals considered 
h ea lth y  th e  resu lts agreed in 89.3 per cen t and  disagreed in 10.7 per cent. 
Of patien ts  regarded  as having h ea rt disease in 83 per cent the  agreem ent 
was good, while in 17 per cent it was b a d  (see Tables 13 and  15, Fig. 80).

P rogram  E v  and, sim ilarly  program s A  to  J ,  contain num erous resu lts 
w hich enhance soph isticated  evaluation . These yield in every case th e  
evaluation  of functions of one or more o f these three relative changes (e.g. 
x2 or xyz). These are th e  functions w hich were sought by  linear d iscrim inant 
analysis as being th e  best of the linear com binations. These are tre a te d  by  
th e  program  as ‘d iscrim inant p ro p erties’. The frequency distribu tions of 
these properties are given.

According to  th e  properties, the  variance analysis compares the variances 
(the squares of the  s tan d a rd  deviations) inside and  outside th e  groups. 
T he quotien t of these tw o is the  F  value, which is identical w ith th e  square
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of th e  t value, existing between the tw o groups. The contribution of th e  
single properties to  the  discrim ination — more precisely th e  shaping of th e  
betw een-group distance D 2 is analysed in th ree  different ways. This an a l­
ysis and  the  calculations for chances o f th e  forecast can be found in 
C hap ter 9. H ere, only th e  m ethods su itab le  for exam ining the  d iscrim inat­
ing power of the  properties are enum erated.

а. D 2 is split in to  th e  effects of single variables and  variable-pairs.
б. F rom  these equally  d istributing th e  effect of the  pairs D2 is div ided 

in to  the  to ta l effect of th e  variables.
c. The percentage is given w ith w hich th e  D2 would dim inish if the single 

variables (properties) were deleted.

The dividing function:
7xy  — X 2  6xz — bxyz — 13.0175.

This m eans th a t  if
Ix y  — X 2  6xz  — bxyz >  13.0175

TABLE 15

Skeletal com parison of the three m ost im p o rtan t discrim inant analyses

Clinical diagnosis
' Significance j?

healthy cardiac patients g it  рГОьа_ of hit probability Mahala-
Discriminant analysis 149 47 bility and deviation nobis’

----------------------------------- i-----------  from the overlap- jy%
concor- discor- concor- discor- ing

dant dant dant dant
________ % % % I %

Using the relative 
changes of m ax 
dC/dt (#) and heart 
ra te  (z ) (preliminary
program) 91.9 8.1 72.3 27.7 82.1 17.9 1.51 • 10 ~13 24.1

Using the relative 
changes of m ax 
dC/dt (X) and sys­
tolic pressure (у )
(Program H x) 86.6 13.3 83.3 17.0 84.8 15.2 9.67 • 10" 16 66.6

Using the relative 
changes of dC/dt (x ), 
systolic pressure (у ) 
and heart ra te  (z)
(Program E x) 89.3 10.7 83.3 17.0 86.1 13.9 6.37 • 10~17 14.5
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on th e  basis of ‘m athem atical diagnosis’ th e  investigated  person was listed  
as ‘h ea lth y ’.

H ow ever, if
Ixy  — X2 -f- Qxz — 5xyz <( 13.0175

th e  individual is considered having h e a rt disease.
F igures 77 and  78 were p repared  w ith  th e  help of th is function. In  these 

figures th e  changes o f m ax dC/cfó are show n on the  x  axis, in linear scale, 
th e  m axim al value ob ta ined  a fte r 5 yg isoprenaline being divided b y  the  
zero tim e value. On th e  у  axis th e  changes in systolic pressure are given. 
Z  is th e  relative change of th e  pulse ra te . The Zs were increased from  0.8 
to  2.0 by  0.05 and  0.1, resp. and  su b s titu ted  by constants. This procedure 
y ielded  reduced 2-variable equations an d  several curves.

F igure 77 shows th em  from  x  =  0 to  x =  +  10 and  from  у  =  —10 to  
у  =  -(-10. I f  the  value of z is less th a n  1.4, the corresponding hyperbolas 
a t  th e  beginning have a dow nw ard tren d , if z is g rea ter th an  1.4, th e  
t re n d  is upw ard. In  case z =  1.4 as a special case of the  hyperbola, 
th e re  are two vertical lines. The real hyperbolas (except if z =  1.4) have 
an  ex trem e value of a round  3.6, ex ac tly  the  square roo t of 13.0175. This 
m eans th e  m inim um  if th e  z values are below 1.4 and  th e  m axim um  if  the  
values are above 1.4. These ex trem e values and  the reclinings of the  curves 
do n o t cause any  difficulty since th e  range is narrow er th a n  the  one w hich 
is d ea lt w ith. C onsequently, th e  p a r ts  of the  curve are given w hich are 
betw een  x =  0.8 to  x =  3.2 an d  у  =  0.8 to  у =  1.5, and  which can be 
found  in  the oblong of Fig. 77 being presen ted  in an  enlarged form  in 
F ig. 78.

T his figure seems highly su itab le for graphic discrim ination. The change 
in  th e  pulse ra te  of th e  ind ividual (z), th e  change of m ax dCfdt (x) an d  th e  
change in systolic blood pressure (y) should  be m easured. The x  and  у  coor­
d in a tes determ ine one po in t in  Fig. 78. I f  th is lies on th e  righ t of th e  cor­
responding zn the  individual is ‘m athem atica lly  h ea lth y ’, if it lies on the  
left, he can be regarded  as a  ‘cardiac p a tie n t’.

T he figure shows th e  characteristic  features of the  d iscrim inant function , 
nam ely  th a t  all th e  curves cross 2 points, determ ined b y  coordinates у  =  1.2 
an d  x  =  2.05 and  у  =  1.2 an d  x — 6.35.

T he possible values appearing in th e  range of the  m easurem ents are p re ­
sen ted  in  Fig. 78. In  th is  figure у =  1.2 and  x =  2.05 occupy a  cen tra l 
position , whereas th e  o ther in tersection  lies outside th e  range. I f  values 
у  =  1.2 and  x — 2.05 an d  z =  1.4 (where the  hyperbola has its border line,
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i t  appears as a  s tra ig h t line, its convexity  tu rn ing) are regarded as ‘c ritica l’ 
values, th e  following sta tem en t can be m ade as to  th e  th ree param eters:

1. I f  X  =  2.05 th e  individual is h ea lth y  only if  у  <C. 1.2 and  coinciden­
ta lly  z >  1.4 or, if  у  >  1.2 and, a t  th e  sam e tim e, z <  1.4.

2. I f  у =  1.2, th e  individual is h ea lth y  only if x  <f 2.05 and, a t th e  sam e 
tim e, z >  1.4, or, if x  > 2 .0 5  and  a t  th e  sam e tim e z >  1.4.

3. I f  z — 1.4 th e  individual is h ea lth y  only if x  >  2.05.

The s ta tem en ts  outlined in 1 an d  2 m ean th a t  in cases where ne ith e r 
m ax dCjdt, nor th e  change of systolic pressure unquestionably  indicates

Fig. 77.  A separating  
function w ith th ree  v a ri­
ables (z,  X, y) ob ta ined  
by  discrim inant analysis 
by  various fixations of z,  
gives graphically a  pile of 
hyperbolas. The curves 
are convex from  below, if 
z <  1.4, in case z =  1.4, 
x t =  2.05 and x2 =  6.35, 
there is no hyperbola, 
only two vertical lines. I f  
z >  1.4 the hyperbola is 
convex from above. E ach 
curve goes th rough points 
у  =  1.2 and хг =  2.05 
and y =  1.2 and x2 =  6.35. 
The p a rt o f th e  curve 
enclosed by coordinates 
x =  0.8 to  x =  3.2 and 
у  =  0.8 t o y  =  1.6 can be 
seen enlarged in  F ig. 78. 
The values obtained by 
m easurem ents usually  fall 
into th is sphere. F o r ex ­
planation  of x and  z see 
Fig. 76; у  =  the ra tio  of 
the  change of blood p res­
sure calculated in  a  sim ­
ilar way
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Fig. 78. N om ogram  c o n stru c te d  fo r ‘graphic  d iagnosis’ (see 
also F ig . 77). I f  p o in ts  d e te rm in ed  in  th e  co-ordinate sy s tem  by  
reco rded  x  a n d  у  values a re  lo ca ted  o n  th e  rig h t o f  th e  h y p e r­
b o la  belong ing  to  th e  reco rded  a  v a lu e , according to  th e  ‘g ra p h ­
ic d iagnosis’ th e  in d iv id u a l is h e a lth y . I f  i t  is on  th e  le ft, 

th e  in d iv id u a l is ‘m a th e m a tic a l ly  cardiac p a t ie n t’
th e  g re a te s t m a x  dC/dt a f te r  5 yg  isoprenaline

x  =  ------------------------------ ;----------------—------------------------  ;
zero tim e  m a x  dC/dt

у  =  sys to lic  p ressu re  ra tio  fo r th e  ab o v e  tim es; z — pu lse  f r e ­
qu en cy  ra tio  c a lc u la te d  sim ilarly
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e ither healthy  or pathological h ea rt function, th e  hea lthy  h ea rt can be re­
cognized by the fa c t th a t  one of th e  two add itional param eters shows a 
g rea ter change, an d  th e  o ther one shows a sm aller change th a n  th a t  of the 
critical value. This elucidates our s ta tem en t m ade on p. 151 abou t the  ‘rel­
a tive ly  independent’ regulation of th e  param eters. There it has been dem ­
o n stra ted  th a t in case of heart disease the  d istinctive featu re is the weak 
regulation  of the  param eters, as has been confirm ed by  th is p a r t  of the study, 
too, and  being valid  in  such cases where one of th e  param eters has a ‘critical’ 
value. Cases in w hich w ith  the ‘critica l’ reaction  of one param eter the o ther 
tw o param eters reac t strongly and  above the  critical values are also regarded 
as pathological. Beside the  conspicuous ‘critica l’ values there  are cases in 
which more param eters  have a ‘s tro n g ’ reaction, th e  x and у  points m easured 
lie on the  left side o f th e  z curve, i.e. in the  ‘pathological’ range ! Such ob­
servations were m ade m ostly in young non-sclerotic cardiac patien ts  (val­
v u la r defects) a ttr ib u te d  to  a m echanism  of overcom pensation.

The sta tem ent m ade in poin t 3 on p. 145 confirms the  prom inent role of 
the  derivative. T he regulation of th e  co n trac tility  independently  of the  
systolic pressure is in  itself a characteristic featu re  of the  healthy  heart.

In  connection w ith  nomograms w ith  more curves in Fig. 78 it should be 
added  th a t  when th e  points of th e  individuals u nder investigation are con­
sidered, it is possible to  make a num erical or graphical in terpo lation  between 
tw o neighbouring curves.

W ith in  the fram ew ork of the calculations of program s F -J ,  the supposi­
tio n  has been investigated  w hether one could discrim inate b y  using only the  
m ax dC\dt and  systolic pressure, i.e. b y  disregarding the pulse ra te . Program s 
F  are directed to  find the best linear com bination for th e  separation  of the  
changes of m ax dC\dt and  systolic blood pressure. As it can be seen in Table 
13, in the  patien ts clinically found ‘cardiac p a tie n ts ’, the  forecast is as good 
as w ith  the previous methods. However, am ong the  persons found clinically 
‘h ea lth y ’, there are m ore ‘erroneously sick’. P rogram s G eva lua te  the  dis­
crim inan t com bination of the logarithm s of th e  changes of m ax dCldt and  
systolic blood pressure. According to  Table 13, th e  m athem atical judgem ent 
clinically healthy  people is as good as in th e  case of th e  E  program s, 
nevertheless, th e  logarithm ic evaluation  of th e  clinically diagnosed cardiac 
p a tien ts  does no t y ield  good result. A fter hav ing  obtained  some inform ation 
on the  usefulness o f th e  most simple d iscrim inant function of th e  two p aram ­
eters, w ithin program s H, it has been stud ied  w hether it  is an  im provem ent 
if  corresponding to  program s C rough ratios are used for the  tw o param eters. 
Fly and  H 2 as well as E,, and F,  have given identical results. H ence and from  
th e  fac t th a t p rogram  Hy yielded th e  highest F  values (see also Table 13),
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th is  program  is considered the  m ost satisfactory  in  view of d iscrim ination 
am ong the  com binations using tw o param eters, i.e. d isregarding th e  pulse 
ra te  (Fig. 79).

Program s I  investigate  w hether th e  changes of the  m ax-derivative  (a;) 
a n d  those of the  systolic pressure could be used in them selves in stead  of 
com binations as c rite ria  for the  separation  of hea lthy  an d  cardiac groups. 
T he precondition of ‘health iness’ should  have been th e  high values o f x  and 
xy. This experim ent was, however, no t profitable. I t  d id  n o t help w hen w ithin  
p rogram s J  the changes of the  pulse ra te  were involved in the  form  of z, 
xz  an d  xyz (Table 13). This supports th e  previous suggestion th a t  th e  com­
b in a tio n  of three p aram eters  is th e  best approach.

Fig. 79. S epara ting  fu n c tio n  y ielded  b y  d is­
c r im in a n t analyses for p a irs  o f  in d iv id u a l x  an d  у  
va lues. I f  a  p o in t defined b y  som eone’s x  an d  у  
reco rd in g s falls to  th e  r ig h t-h a n d  side o f th e  curve, 
th e  m a th e m a tic a l d iagnosis is ‘h e a lth y ’, for th e  

le ft-hand  side, i t  is ‘ill’

h ig h es t va lue  o f  m ax  dC/dt a f te r  
x  — 5 ,(ig isoprenaline ;

re s t va lue  o f  m a x  dC/dt
у  =  s im ila rly  ca lcu la ted  change ra tio  o f  systo lic  

p ressu re

In  Table 15 the  b est separation  was compared, by  using x  an d  2  (see 
p . 174), w ith the p resen tly  found best m ethod  using values x  and  y, an d  then  
w ith  th e  best forms using th ree param eters  (x, у  and  z). The com bination 
o f x  an d  г has given v ery  good concordance if hea lthy  individuals were in ­
vestigated , however, th ere  is no good conform ity in  th e  case of ‘cardiac 
p a tie n ts ’. The x, у  com bination im proves the  judgem ent on ‘cardiac p a ­
t ie n ts ’, b u t is less efficient in  recognizing healthy  people. The x, y, z trip le 
com bination comes th e  nearest to  th e  clinical diagnosis. A lthough it  is less 
efficient in recognizing the  ‘h ea lth y ’, b u t among th e  ‘erroneously sick ’ p a ­
tie n ts  there are cases in  which th e  m athem atical approach  could be more 
rea listic  (see pp. 197-202).

T he tw o-param eter discrim inants have higher F  values, still th e  three- 
p a ram ete r (x , у  and  z) d iscrim inations are considered an  optim al m ethod 
o f calculation. This is so because of b e tte r  h it p robability  and  of th e  greater 
m athem atica l significance.

F ro m  the m ethods discussed above th e  trip le com bination of th e  scalar
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change (quotient of change) of the m ax  dC\dt, systolic blood pressure and  
pulse ra te  is regarded  as th e  best.

The corresponding function  is

I x y  —  X 2  6xz — 5xyz — 13.0175.

This is the function recom m ended for use. P o r ‘graphical diagnosis’ the 
nom ogram  construc ted  by  using this function  is recom m ended.

*

The discrim inant analysis using th e  double com bination of m ax dC/dt 
(X) an d  the  pulse ra te  (z) was discussed on p. 174. Now a  trip le  com bination 
was applied, i.e. th e  change in systolic blood pressure (y) also being included, 
and  th e  th ree elem ents were used for d iscrim ination. In  some serial investi­
gations it was also s tu d ied  whether b y  om itting  г (pulse ra te ), th e  use of 
only tw o param eters, m ax  dCjdt (ж) an d  blood pressure (y), w ould suffice for 
separation  between h ea lth y  and non-healthy  groups.

P o r using a trip le  com bination the following function  was found  the  best:

I x y  — X2 T  Qxz — bxyz =  13.0175.

B y applying th is eq u a tio n  there was 87.7 per cent concordance between 
th e  clinical diagnosis a n d  the  m athem atical forecast, and  12.3 p er cent dis­
cordance (see also pp . 197-202).

The m athem atical analysis revealed th a t  sim ultaneous excessive modifi­
cation of the p aram eters  in  both  directions (vigorous or sluggish) m ay in ­
d icate some disease.

The constructed nom ogram  seems to  be su itab le  for ‘graphic diagnosis’, 
i.e. for reading th e  re su lts  after locating th e  p lace of th e  values on the coor­
d inate .

COM PARISON O P  T H E  RESU LTS OF T H E  MATHEMATICAL 
A NA LYSIS W ITH  T H E  C LIN ICA L PIC T U R E

In  the  preceding sections the com parison has been m ade b y  m atching 
th e  serial num bers o f th e  individuals, previously  grouped an d  th e  prelim ­
inary  judgem ent w ith  th e  results ob ta ined  b y  various m athem atical dis­
crim inant analyses. I n  th is  Section those cases are exam ined where devia­
tion  was seen betw een th e  two approaches. T he p a tien ts  were identified ac­
cording to  their seria l num bers and  our conjecture was eva lua ted  on the 
basis of their case h is to ry , i.e. they  were com pared w ith  the  forecasts of the  
m athem atical diagnosis and  it was considered w hether in some cases the
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la t te r  was more reliable. At a la te r  s tage sam pling m ateria l of the  whole was 
carried  out w ith  various techniques in  order to  m ake th e  s tu d y  represen­
ta tiv e . The com parison m entioned above was ex tended  to  these cases as well.

According to  th e  d iscrim inant analysis (see p. 174) on the effect of 5 pg 
isoprenaline from  149 individuals p reviously  (clinically) considered ‘h ea lth y ’, 
th e  m athem atical analysis found 12 (8 per cent) as ‘erroneously sick ’. This 
resu lt was ob tained  from  th a t  p a r t  of the  study  where the  grouping of p a ­
tien ts  according to  th e  blood pressure a t rest and  th e  changes o f systolic 
and  m ean blood pressure after adm in istra tion  of 5 цg isoprenaline were dis­
regarded. However, when considering those analyses where the  la t te r  were 
also tak en  account of, it  was found  th a t  from th e  12 ‘erroneously’ ordered 
cases a t  least 8 cases were sim ilarly  judged  by a t  least th ree d iscrim inant 
analyses. On the basis of th is com parison, only th e  d iscrim inant analysis 
m entioned on p. 174 was used. Of 47 individuals, clinically diagnosed cardiac 
p a tien ts , the com bined m athem atica l discrim inant analysis judged  13 indi­
viduals to  be hea lthy  (in the  d iscrim inan t analysis th e  groupings according 
to  blood pressure a t  rest, changes in systolic and  m ean blood pressure were 
n o t used). Taking in to  account also th e  la tte r  param eters, th ere  were a t  
least 9 out of 13 cases in which th e  same individuals tu rn ed  out to  be 
‘erroneously h ea lth y ’ on the  basis o f at least th ree types of d iscrim inant 
analyses.

The nex t step  has been described on pp. 175—97. The d iscrim inant an a ly ­
ses based on the  changes of m ax dGjdt, systolic blood pressure and  h ea rt ra te  
yielded the following results. B y considering one of these elem ents according 
to  the  m athem atical analysis, of 196 cases there was a concordance in 172 
(87.7 per cent) and  discordance in 24 (12.3 per cent). Clinically, th e  concor­
dance in the hea lthy  cases was 89.3 per cent and  the  discordance 10.7 per 
cent. The patien ts  clinically d iagnosed to  have h ea rt disease show ed 83 per 
cent concordance an d  17 per cen t discordance (Fig. 80).

The individual cases in which th e  m athem atical diagnosis dev ia ted  from 
th e  clinical prediction, i.e. which were clinically diagnosed as ‘non-cardiac 
p a tien ts ’ and  m athem atically  judged  as ‘erroneously sick’, are listed  below.

1. R . L. male, 46 years 
3. F . L. male, 56 years 

20. M. L. male, 67 years 
375. S. J .  male, 37 years 
390. N. I. female, 44 years

hypertension 
s ta te  afte r pneum onia 
sta te  afte r cholecystectom y 
hypertension, adiposity  
diabetes (88 kg-m, 170 cm) 

S ta te  a fte r pneum onia 
ECG: flat t were

198



No. of inves t igat ion s : 1SG 
Clinical diagnosis and the mathematical f o r e c a s t

Agreement : 172 (87.7%)  
Disagreement: 24(1 2 .3% )

Disagreement:
24(12.3%)

Disagreement:
16 (10.3%)

adiposity (2 cases) 
hypertension (4) 
hypertension + 
adiposity (2)  
hypertension-r 
adiposity + 
diabetes (1) 
state after infection® 
state after operation(l) 
other causes (3)

Disagreement 
8 (17 %)

Fig. 80. T he re su lts  o f th e  a u th o rs ’ d isc rim in a n t ana ly ses (see F ig s 77 and  
78). I t  is assum ed  th a t  am ong in d iv id u a ls  d iagnosed  c lin ically  ‘h e a lth y ’, 

th e  m a th e m a tic a l analysis rev ea led  som e la te n t ca rd iac  cases
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445. N. J . female, 72 years adiposity (89 kg-m , 165 cm)
451. S. J .  male, 22 years chronic gastritis
508. M. I. female, 50 years adiposity  (75 kg-m, 148 cm)
761. B. P . male, 50 years hypertension, adiposity  (97 kg-m

170 cm)

848. K . I. male, 60 years hypertension
891. К . A. male, 56 years hypertension
928. H . J . female, 48 years hypertension, adiposity  (90 kg-m

165 cm)

962. S. S. male, 57 years diabetes m ellitus
991. В. H. male, 53 years hypertension

1001. P. P . male, 50 years duodenal ulcer

I t  seems probable th a t  in cases w ith  obesity th e  p a tien ts  show sim ilar 
reactions to  those w ith  congestive cardiac failure, an d  th ey  m ay have the 
sym ptom s of la ten t cardiac failure, respectively. This is particu la rly  so in 
cases w ith  obesity -j- hypertension. I t  can be surm ised th a t  in our h yper­
tensive patien ts w ith  systolic pressures often above 200 m m  H g and  diastolic 
pressures above 100—120 m m  H g, th e re  was an  add itional la ten t cardiac 
disease. This m ay be valid  in elderly  patien ts , and  there  is some u n ce rta in ty  
in  th e  case of younger ones as well. In fectious diseases and  the  recovery s ta te  
a f te r  operations m ay im ita te  cardiac failure, moreover, th is m ay n o t be an 
im ita tion  b u t an  effective failure as well. B y eva lua ting  our findings it 
can be sta ted  th a t  m athem atica l analyses in some cases are b e tte r indicators 
o f cardiac disease th a n  th e  clinical diagnosis.

In  consequence of th e  m athem atica l analysis, th e  following p a tien ts  were 
transferred  from th e  group of ‘clinically sick’ to  th a t of ‘erroneously h ea lth y ’.

344. H. J . m ale, 70 years sclerotic card iopathy , congestive
failure, I I

392. G. M. male, 49 years sclerotic cardiom yopathy, con­
gestive failure, I

606. G. T. male, 67 years polycythaem ia, sclerotic h ea rt dis­
ease, congestive failure, I I

828. K . J . male, 60 years sclerotic an d  pulm onal h e a rt dis­
ease, congestive failure, I
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1180. T. J . female, 65 years 

1191. В. J . male, 55 years 

1309. G. J . female, 45 years 

1357. 0 . 0 . female, 64 years

adiposity , sclerotic h eart disease, 
congestive failure, I

sclerotic h ea rt disease, congestive 
failure, I

sclerotic h ea rt disease, congestive 
failure, I

s ta te  a fte r m yocardial infarction
(4 years ago), congestive failure, I

None of the p a tien ts  h ad  severe congestive failure, th ey  were borderline 
cases. I t  can he assum ed th a t th e  regulation of th e  cardiac function of 
these patien ts is sim ilar to  th a t of h ea lth y  individuals.

In  exam ining the  causes of the la te n t circulatory  insufficiency it appears 
th a t  obesity  is often a  precipitating factor. Therefore, we have selected the 
num bers of individuals having a body  weight higher th a n  79 kg.

Group I  379. 86 kg.
493. 100 kg
821. 80 kg
830. 80 kg

Group I I  367. 89 kg (diabetes)
375. +  86 kg (diabetes)
445. +  89 kg

Group I I I  903. 93 kg
928. +  90 kg
508. +  75 kg (145 cm)

Group IV 761. +  97 kg

These results show th a t  among 11 individuals w ith  increased body weight 
haem odynam ic reactions from  which th e  existence of la ten t cardiac failure 
can be inferred were found  in 5. These cases are m arked  w ith -(-.

In  order to  control th e  method, cases were picked o u t an d  results of the 
clinical and  m athem atical analyses were repeated ly  com pared. A good agree­
m ent was found betw een these tw o approaches.

*
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Cases were re-exam ined w hich were listed ‘erroneously’ according to  
m athem atica l m ethods. Among th e  ‘erroneously sick’ individuals, 5 had  an 
overw eight, in 2, in addition, hypertension  also occurred, an d  in 1 case, 
obesity , diabetes and  hypertension were jo in tly  present. F our individuals 
w ith  norm al w eight had  hypertension , in 3 cases there  was a postinfective 
an d  in another a  postoperative s ta te . I t  can be assum ed th a t  in some of 
these cases th e  m athem atical analysis be tte r characterized th e  condition 
o f th e  circulation an d  indicated  a  h e a rt failure which clinically was no t yet 
significant.

The ‘erroneously hea lthy ’ ind iv iduals were usually  less severely affected 
clinically.

T he 80 to  90 per cent concordance between the  m athem atica l and  the 
clinical approaches confirms th e  u sab ility  of the  m athem atical m ethod all 
th e  more, because th e  ‘m athem atica l diagnosis’ m ay call a tten tio n  to  cardiac 
failures being n o t apparen t clinically.

A DISCU SSIO N  OF C O M PU TER  R ESU LTS CON CERN IN G  
VARIO US CARDIAC STATES

C om puters are now being used  v ery  m uch in medicine, having m anifold 
applications (Schm itt 1962, Geselowitz 1962, Leedlev 1965, Bohus 1968, 
K a lm ár 1969, W allace and R osati 1973, Monos 1973, H o rv á th  1974, Swatzell 
e t  al. 1973, M cPherson e t al. 1972). Some exam ples m ay be enum erated , 
however, w ith no in ten tion  of provid ing  a complete p icture. The com puter 
is highly useful in cases where conclusions need to  be draw n from  a great 
num ber of data . I t  is suitable for preparing sta tis tics  on patien t-tu rn o v er, 
h ea lth  insurance an d  m orbidity . B y using a suitable code-system , it is possi­
ble to  store d a ta  on patien ts, e.g. case history, findings an d  course of the 
disease. This inform ation is p ro v id ed  in  an easily accessible form. I t  can be 
used w ith  good results in hea lth  adm in istration . I t  facilita tes th e  s ta tis tica l 
analysis of num erical data . The resu lts  obtained in au tom ated  laboratories 
can be com puterized (R ap p ap o rt e t  al. 1967).

P a r t  of the  task s  to  which th e  com puter is being or can be applied, could 
be resolved by  sim pler means. N evertheless, its use is justified by the  speed 
w ith  which it works and  b y  its  saving manpower. C om puters can be p ro ­
gram m ed to  ‘learn ’ m edical tex tb o o k s. D a ta  fed in to  th e  com puters enable 
th em  to make diagnosis. In  add ition , th ey  often tell us ab o u t th e  missing 
d a ta  which m ay be needed for m aking fu rther assessm ent. T hey  m ay help 
to  resolve com plicated problem s (Levendel and  Fenyő 1961). R ushm er 
(1962) writes ab o u t their use in physiology. C om puterization enhances the
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listing of medical lite ra tu re  which has grown trem endously  (Németh-Csóka
1968) . I t  is a help in rehabilita tion , nam ely by helping th e  blind in reading 
(Sterling 1967). I t  is being used in cardiology, too. D igital and  analog cir­
culatory  models can be prepared. Models can be constructed  on various 
pathological s ta tes  an d  on theoretical or p lanned  medical in tervention  in 
these states (Clynes 1962, Boom and  N oordergraaf 1963, N oordergraaf e t al. 
1963, W esterhof et al. 1969, Szűcs and Monos 1970, Szűcs e t al. 1970, 1972, 
1973, 1975, N oordergraaf 1972, 1973, S ta rr e t al. 1973, K och 1964, P a te r  
and  Berg 1964, E ckerm ann et al. 1969, Ficsor e t al. 1975, Newgard 1963, 
Simmons et al. 1967, N aszladv and  K iss 1969, 1974 and  Kiss and  N aszlady
1969) . I t  can be utilized for th e  rapid determ ination  of cardiac o u tp u t 
(Cooper e t al. 1963, Benchim ol e t al. 1966, M aronde e t al. 1968, Bánsági 
e t al. 1971).

There is a great deal of lite ra tu re  on com puterized in te rp re ta tio n  of the 
ECG (Rikli et al. 1961, Tolies e t al. 1961, Caceres 1962, Caceres et al. 1962, 
P ipberger 1962, Steinberg e t al. 1962, Levine 1965, Sm ith and  W herry 1966, 
A ttinger 1967, W alker 1967, G illm ann 1968, Ghvczv et al. 1971, B attis tig  et 
al. 1971, B ak et al. 1971, A ntalóczy 1972, K enedi e t al. 1972, P ipberger 
and  Cornfield 1973, Antalóczy e t al. 1974a, b, B ailey e t  al. 1974a-c, Monro 
e t al. 1974).

Steinberg e t al. (1961) stud ied  sim ultaneously th e  d a ta  on ECG, PCG, 
BCG and apex cardiogram . T hey obtained  d a ta  re la ting  to  the heights of 
certain  points and  m arked their position on th e  tim e axis. In  this w ay the 
findings of healthy  individuals and  patien ts w ith  aortic  valve disease differ­
ed  from those w ith  hypertension.

Simmons e t al. (1967) conceived a m ethod for th e  in terp re ta tion  of pe­
ripheral vascular tracings by  com puter. Freis e t al. (1966) carried ou t th is 
on the  carotid  tracing, and  com pared the  m eans o f th e  d a ta  ob tained  by 
this m ethod in various groups. The waves of th e  curve alter w ith age: in 
elderly individuals, the  m axim um  moves nearer to  th e  second systolic wave 
and  the height of the  incisura increases. The curves of hypertensives are 
sim ilar to  those found in  old age. There is a sim ilar effect afte r drugs which 
raise blood pressure, whereas the adm inistration  o f am yln itrite , trim etap h an  
and  isoprenaline has an  opposite effect. These observations agree w ith  ours.

Cardiac catheterization  d a ta  (H arrison e t al. 1971, B lackburn  e t al. 1974), 
the s tructu re  of the  h eart sounds (Adolph et al. 1970, From e and  Frede- 
rickson 1974, K ozm ann et al. 1974, T u instra  1974), systolic tim e intervals 
(Swatzell e t al. 1973, Zoneraich e t al. 1974) can be analysed by com puter.

We could no t find publications concerning com puter analysis of changes 
in circulatory dynam ics due to  isoprenaline (and o ther drugs and  loadings,
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respectively), and  m easured  by  ‘noninvasive’ complex m eans. This p a r t  of 
o u r work can be reg ard ed  as the  p resen ta tion  of new d a ta  (Simonyi e t al. 
1972&, e, 1973, 1974a, b, Simonyi an d  F ischer 1972, F ischer an d  Simonyi 
1972, Fischer e t al. 1972a).

T he aim of our s tu d y  was to  characterize the  hum an circulation under 
physiological as well as pathological conditions. In  order to  achieve this 
(г) th e  circulation o f th e  ind ividual was checked a t various po in ts to  si­
m ultaneously s tu d y  th e  role of cen tra l and  peripheral factors; (гг) m any 
p o in ts  of the (central) caro tid  curve, p articu la rly  those of biological signifi­
cance, were processed; (Hi) the  s ta te  o f rest and  th e  changes a fte r loading 
w ith  various doses o f isoprenaline were in terp re ted ; (iv) groups w ith  a 
sufficient num ber o f p a tien ts  were studied. The groups contained healthy  
individuals, p a tien ts  w ith  c ircu latory  disorders, w ith  dam age of th e  m yo­
card ium  and w ith  com bination of th e  la tte r  two. The resu lts ob ta ined  on 
th e  circulation in  these  groups were com pared.

To achieve our aim  it  was necessary to  apply  a  m ethod (г) w hich was no t 
troublesom e to th e  p a tien t ; (гг) w hich was suitable for ob tain ing  enough 
d a ta  for statis tica l analysis; (Hi) w hich provided q u an tita tiv e  and  fairly 
accu ra te  data; (iv) w hich d id  no t require com plicated equipm ent; (v) 
w hich allowed th e  m easurem ent o f param eters having physiological and 
pathophysiological significance.

In  our opinion, th e  noninvasive b u t complex m ethod  described here has 
fulfilled these conditions. This raises th e  hope th a t  a fte r appropria te  as­
sem bly, the ob ta ined  responses could be used for answering clinical questions.

The main object o f  th is s tu d y  was to  characterize th e  h e a r t’s condition 
on th e  basis of m athem atica l processing of suitable param eters. A p art from 
th e  question of ‘h e a lth y ’ or ‘insufficient’ cardiac function, th e  peripheral 
circulation was also an  objective o f th is  study.

To achieve th is  aim  we had  to  (г) un ify  the  techniques applied; (гг) form 
groups with su itab le  num bers com parable as to  cardiac involvem ent. 
(in)  F urtherm ore th e  param eters h a d  to  be given in figures, in o ther words 
we digitized them  for m aking th em  a p t to  p u t on punched  tap e  for com puter 
processing, (iv) A  com puter p rogram  had  to  be w orked ou t to  exclude 
erro rs made by  tran sc rip tio n  and /o r punching, (v) F rom  th e  param eters 
fed  directly  in to  th e  com puter com bined indicators had  to  be created  by 
sim ple means, being usable to  ca rry  ou t more com putations, (vi) I t  was 
necessary to  m ake a  schedule of th e  logics of th e  m athem atica l processing, 
an d  its ‘softw are’, i.e. th e  order h ierarchy  and  the  charac ter of th e  program  
o f s tatistica l app ra isa l had  to  be decided, (vii) I t  was necessary to  compare 
th e  stages of m athem atica l processing w ith  physiological and  pathophysio ­
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logical facts, (viii) On the basis o f th e  appraisal a schedule was m ade for 
the  forthcom ing clinical and m ath em atica l calculations. (ix) The inform a­
tio n  obtained  had  to  be sum m arized w ith  regard  to  th e  p ractical use. (x ) Con­
sidering the  experience gained, th e  tre n d  of our fu rth e r investigation was 
decided.

The sequence of thoughts of processing is shown in Fig. 81.

Fig. 81. B lock d ia g ra m  o f th e  
m a th em a tica l-b io m e tr ic a l analysis

There are various m ethods available for d ig ital conversion, (г) To denote 
the  figures representing the  values of th e  heights of th e  curve a t various 
and  su itab le intervals, (гг) To m ark  o u t single (selected) points. In  bo th  
cases th e  coordinates of the points give num erical values. Theoretically, 
it is possible to  use au tom atic  or sem i-au tom atic  m ethod. In  th e  la tte r  case 
an  equipm ent should be em ployed w hich senses the selected points pu ttin g  
these poin ts on a punch  tape w ith m anual direction. In  th e  form er case an  
equipm ent is needed which is able to  use analog/digital converter and  re ­
cords th e  d a ta . This solves the problem  o f recording points w ith  a suitable
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frequency. H ow ever, the  selection of characteristic  points can only be done 
b y  com puter program m ing. S im ilarly, program m ing is necessary to  so rt 
o u t th e  arte fac ts appearing on th e  curve; for this the  m anual m ethod has 
been  used. The m ain  d isadvantage of th is  m ethod lies in the  fact th a t  it is 
ra th e r  laborious. N evertheless, it was possible to  p inpoin t by  it the biologi­
cally  characteristic points, and  screen th e  artefacts.

W ith  the  com puter analysis th e  ranges of the  single indicators were con­
sidered and  in some cases it was feasible to  give the regu larity  of the m ag­
n itude. This control program  sorted  o u t presum ably  th e  rough errors an d  
m ade it possible to  carry ou t corrections.

An account o f th e  param eters produced by  simple m eans has already been 
given earlier. O ur observations on th e  a rte ria l m ean pressure can be used  
w ith o u t em bedding them  in the  whole of th is work.

H aving finished th is  p rep ara to ry  work, p a rtia l logarithm ic regression 
calculations were chosen as a first step  of th e  fu rther m athem atical process­
ing. A t the first stage the  influence of vary ing  the  dose of isoprenaline was 
considered. L a te r  those groups were exam ined in which th e  dose of isopren­
aline was constan t, i.e. 5 pg. (For these studies see p. 105, where reasons 
were given to  explain why it  was advantageous to  use logarithm ic 
calculations.)

The p artia l logarithm ic regression function  is based on the changes of 
th e  logarithm  o f m ax dC/dt as a dependen t variable, since this param eter 
was regarded as a  first-rate charac teristic  consequent to  changes caused b y  
loadings. The equ a tio n  of the  regression function is a simple equation  of 
w hich the  independent variables are (i) the  logarithm s of the changing 
ra te s  of the  o th e r param eters, and  (гг) in case of changing doses th e  loga­
rith m  of th e  dose. The p artia l regression gives the  simple expression of th e  
independent variables, by  which the  logarithm ic changes of the m ax dC/dt 
can be app rox im ated  so th a t  from  th is  approxim ation  the  logarithm ic 
values com puted  from  the  real deriva tives have the  least s tandard  d ev ia­
tion . Accordingly, the  regression coefficients of th e  independent single 
variables can be regarded as th e  weights of these param eters in th e  fo r­
m ation of th e  changes of m ax dCldt. Our results confirm th a t this m ethod  
being widely used  in studies of biological actions (D raper and Sm ith 1967) 
is usable. In  our opinion, th e  in te rp re ta tio n  of (г) the  regression coefficients 
yielded by  our program  nam ed p a rtia l logarithm ic regression and (гг) th e  
o ther com puted  indicators provided  a  basis for working out fu rth e r p ro ­
grams. Our investigations, in which one variable was th e  dose of isoprenaline 
used, proved th a t  there is a  strong  correlation betw een th e  m agnitude o f the  
dose and  th e  effect. This was ind icated  m ost sensitively by  the change in
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the  m ax dCjdt. This means th a t  it is th e  m ost sensitive indicator for s tu d y ­
ing dose-effect relations in clinicopharm acology in case o f isoprenaline-like 
drugs producing positive inotropic effects. There is a  strong negative cor­
relation betw een th e  changes of ejection tim e and  h ea rt ra te , which justifies 
th a t  in subsequen t studies only one of them  was applied.

The p artia l logarithm ic regression analyses using fixed doses have given 
a  b e tte r insight in to  the regulation o f circulation of th e  single disease 
groups.

I t  is characteristic  of healthy  individuals th a t  the  param eters re la ted  to  
the  cardiac con tractility , peripheral regulation  and  h ea rt ra te  (except th e  
negative correlation between h ea rt ra te  an d  ejection tim e) vary  independent­
ly and  m arkedly. The correlations found in p a tien ts’ groups corresponded 
well to  the  know n pathom echanism  of th e  disease found by  clinical observa­
tions, m oreover, th ey  supplem ent these observations. In  hyperkinetics th e  
calculations confirm ed the view th a t  th e  decrease in peripheral resistance 
has an im p o rtan t role in the  regulation  o f cardiac contractility . In  less 
severe hypertensive patients, such findings occurred which suggest th a t  
the  increased systolic o u tp u t and  the  change of the  peripheral regulation 
both  con tribu te to  the  developm ent of th e  disease. In  m ore severe h y p er­
tension, the  m athem atical analysis reveals the  character of the ‘resistance’ 
hypertension.

In  the h ea rt disease group th e  m athem atica l analysis discloses no t only 
a slower reaction  of the param eters b u t, in  addition, it  shows th a t  th e ir  
independence becomes restric ted  so th a t  links are form ed between them , 
and  the num ber of links increases if h ea rt disease (cardiac muscle dysfunc­
tion) and  hypertension  co-exist. In  th is la tte r  case the  regulation of changes 
in m ost o f the  param eters is more strongly  dependent on th e  control of the  
heart ra te .

In  our opinion, the  findings yielded by  th e  p artia l regression analyses 
m ay have provided m uch new and  in teresting  inform ation.

These studies provided the necessary basis for fu rth e r steps and for th e  
use of d iscrim inant analyses.

The discrim inant analysis is a suitable m ethod  enabling us to  separate 
the groups by  using appropriate com binations of properties. This m ethod 
was applied because it provides equation-like results, an d  in our case it is 
ap t to  d istinguish between hea lthy  subjects and  individuals w ith h ea rt 
disease. F o r p rac tica l purposes th is  m ethod  was considered more suitable, 
contrary  to  th e  procedure followed by  o th er investigators, according to  
which the  algorithm s ‘learn’ the  d a ta  of th e  new individual, b u t to  express 
results w ith  th e  la tte r  a com puter is needed. The linear discrim inant analysis

207



yields linear com bination of the values w hich are the  m ost appropriate  to  
separate  th e  groups. This means th a t  if  th e  simple expression provided b y  
th e  analysis was m arked by Z -alpha, above a carefully selected Z -alpha 
th resho ld  those values can be found w hich denote subjects free of h ea rt 
disease, and  below are those which deno te  patien ts w ith  cardiac disease. 
T he discrim inant analysis which, in  principle, was constructed  for variables 
w ith  norm al d istribu tion  having a sim ple (linear) relation, became a m ethod  
frequen tly  used for biom edical s ta tis tica l evaluation, because in quite a 
num ber of cases it was useful in separating  the groups (Rahlfs 1971, 
D ickson and  Brow n 1970).

The m ethod  yields a discrim inant eq u a tio n  w ith high re liab ility  if a large 
num ber of m easurem ents su itab ly  perform ed are available. Using these 
principles an d  the graphs construc ted  accordingly a differential diagnostic 
m ethod  was ob ta ined  working w ith  a  sm all p robab ility  of error. This 
enabled  the  in te rp re ta tio n  of the  new er cases w ithout using the  com puter.

Several d iscrim inant analyses were app lied  (see C hapter 8, pp. 164-75). 
E ven tua lly , i t  was concluded th a t th e  com bined analysis w ithou t grouping th e  
cases w ould be used. In  th is analysis th e  tw o patien t groups to  be separa ted  
are different in th e  sense th a t  one is considered clinically hea lthy  and  th e  
o th er sick. B y  th is  m ethod in 92 per cen t of the investigated  hea lthy  in ­
dividuals the  resu lt obtained  m athem atica lly  was the sam e as it had  been 
p red ic ted  clinically. In  those w ith  clinically diagnosed h ea rt disease, th e  
agreem ent betw een clinical assessm ent an d  m athem atical prediction was 
72 per cent.

In  th e  procedure described on pp. 175-97, in an ideal case the  concord­
ance was 87.7 per cent and  the  discordance 12.3 per cent. F o r d ifferentiation, 
in  th e  la tte r, th ree param eters were used, i.e. the changes in  th e  m ax dC/dt, 
systolic blood pressure and  heart ra te . W ith  this m ethod, in the  clinically 
h ea lth y  group, there was an  89.3 per cent concordance an d  10.7 per cent 
discordance. In  th e  clinically sick g roup  these figures were 83 per cent an d  
17 per cent. B ased on this experience graphs were constructed , in an  a t ­
tem p t to  derive separate  curves for h ea lth y  individuals an d  for those w ith  
cardiac disease. One of these graphs used  changes in th e  m ax  dCjdl and  the  
systolic blood pressure (Fig. 79), a n d  th e  o ther included the  changes in 
h ea rt ra te  (Figs 77 and  78). Thus i t  was possible to  p u t th e  changes in  the  
param eters due to  5 /лg isoprenaline d irec tly  on the abscissa and  the  ord inate  
and  w ithou t using a  com puter to  determ ine w hether th e  points defined by 
th e  coordinates represented a ‘h e a lth y ’ or a ‘sick’ person.

H aving re-exam ined the  cases clinically it was th o u g h t th a t  th e  error 
was no t alw ays due to  the  defect in  m athem atica l analysis, particu la rly  th is
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was so w ith  th e  ‘m istaken cardiac p a tien ts’. In  fact, the analysis called our 
a tten tio n  to  cases w ith  h ea rt failure clinically n o t obvious.

There are no absolute m ethods in biology or medical sciences. E very  
m ethod has its shortcom ings, biological and  m athem atica l techniques alike. 
An error around 15% can be considered acceptab le or even very  good indeed.

A t the end of our investigations it can be hoped th a t  w ith th e  applied 
‘noninvasive’ m ethod  and  w ith  a new m athem atica l approach it has suc­
ceeded to  ob tain  a b e tte r  insight into the  regu lation  of the  circulation in 
healthy  individuals, in essential hyperkinetic h ea rt syndrom e, in h yper­
tension as well as in cardiac failure. A t th e  sam e tim e it was possible to  
differentiate betw een ‘h ea lth y ’ and  ‘non-healthy ’ individuals by  using su it­
able param eters and  m athem atica l analysis.
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CHAPTER 9

METHODS AND EQUATIONS OF THE MATHEMATICAL
CALCULATIONS

All the  m athem atica l-sta tistical m ethods applied in th is s tu d y  occur in 
b o th  the  partia l regression analysis and  d iscrim inant analysis. Therefore, 
th e  in terp re ta tion  o f the  m ethods and  equations is explained w ith in  the 
scope of these tw o procedures. M echanical processing is dea lt w ith  only in 
brief. The m athem atics of the  d iscrim inant analyses (see also F ischer e t al. 
1974), the processes and  equations connected w ith  it, and  th e  logic of the 
succession of th e  analyses are discussed on p. 218.

The partia l logarithm ic regression analysis, the  in te rp re ta tio n  of the 
calculation an d  resu lts can be found in C hapter 6. In  C hap ter 9 only 
th e  principles will be outlined.

Mean (arithm etical mean, x). The value is calculated in the  usual way, 
b y  dividing the  sum  o f the d a ta  concerned {Ex) by  the  num ber of individuals 
T he calculation of th e  m eans o ften  occurs in our study , th u s in th e  basic 
tabu la tion , and in  th e  m echanical tab u la tio n  used in  the  d iscrim inant analy­
sis. In  the partia l logarithm ic regression calculation the changes due to  the 
effect of drug, expressed in  quo tien t, are represen ted  as m eans o f their 
n a tu ra l logarithm s. F o r exam ple, if w ith in  one p a tien t group th e  value is 
deno ted  by x, w hich is ob ta ined  in  an  individual by  dividing th e  derived 
peak  value of th e  caro tid  d eriva tive  pressure afte r isoprenaline load  by  the 
peak  of the zero tim e derivative , and  th e  n a tu ra l logarithm  of th is  quo tien t 
is taken , x is th e  value being called th e  m ean of the  logarithm ic m ax dCjdt 
change of the  group. The calculation w ith  logarithm s (logarithm ic tra n s ­
form ation) is justified  because it creates a sym m etrical d istribu tion  of the 
param eters w ith in  th e  group, m oreover, because th e  correlation between 
th e  param eters moves th u s closer to  the  more lucid and  m athem atically  
com prehensible linear correlation describable by  a s tra ig h t line. Therefore, 
if these logarithm ic m eans are re transform ed to  the original scale, i.e. 
th e  figures are searched for in  th e  logarithm ic table, th e  set of individual 
changes is characterized no t by  arithm etica l b u t by geom etrical means. By 
th is  the trend  of th e  change p resen t in th e  single group has been characterized 
m ore realistically. B y com puting th e  m eans a figure has to  be ob ta ined  repre-
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senting th e  centre of the group w ith all th e  values w ithin th e  group being 
located  around  this figure. These single figures display clearly and  w ith  a 
m inim um  of bias the differences betw een th e  groups to  be com pared.

Standard deviation (s). The use of th is value is sim ilar to  th a t  of the  mean. 
The stan d ard  deviation (scatter) denotes th e  m ean deviation  of th e  ind i­
v idual values from  their own m eans, and  th u s  it can be applied  for charac­
terizing th e  individual variab ility  w ithin th e  group. This variab ility  could be 
m easured in o ther ways, for instance, w ith  th e  difference betw een th e  highest 
an d  the  lowest value, furtherm ore biological, technical, system atical and 
fo rtu itous com ponents can bias it. The s tan d ard  deviation, however, forms a 
n a tu ra l coun terpart w ith  th e  m ean in a sense th a t  it gives th e  m ost common 
inform ation on the num erical fluctuations of complex effects th e  ‘m ean’ 
behaviour o f which is expressed by  th e  average.

The s tan d ard  deviation can be com puted as

w here x  denotes the individual d a ta , x  th e  m ean, and  n  th e  num ber of cases.
I t  is logical, and  can also be seen from th e  form ula th a t  if we transfo rm  

th e  ind ividual d a ta  (e. g. by using the logarithm s as it has been m entioned 
above) th e  stan d ard  deviations m ust be calculated, sim ilarly to  th e  average, 
from  the  transform ed data . A sym m etrical type of varia tion  (i. e. one 
fluctuating  in the  same m anner on b o th  sides of the  average) can be in te r­
p re ted  by imagining th a t all m ultiple values of the s tan d ard  deviation  added 
to  or su b trac ted  from the m ean as upper or lower lim its newly form ed, en ­
close the sam e num ber of cases. I f  the  d istribu tion  of the  d a ta  is described 
by  th e  well-known bell-shaped Gaussian norm al d istribu tion , ab o u t one- 
th ird  of the  cases to  he found between th e  m ean minus s tan d a rd  deviation 
(x — s), and  the  m ean (x) can be expected. A t the same tim e, however, 
the  sam e num ber can be expected betw een x  and x  -|- s. S im ilar num bers 
can be expected w ith o ther real percentages, if instead of th e  s tan d a rd  
deviation its  half or its double value, etc. is added to  or su b trac ted  from  
th e  mean. In  cases of sim ilar d istribu tions, in o ther words, if  th e  so-called 
‘density  curves’ generated by  th e  frequency distribution, differ from  each 
o ther in a w ay th a t  by pulling a p a rt or by pressing together th e  one or the  
o ther can be obtained, then  th e  g reater s tan d a rd  deviation can be regarded 
as expressing the  sm aller variab ility . B y squaring the  ind ividual dev i­
ations from  th e  mean and tak ing  th e  square root of their sum  divided by  
n  — 1 as ind icated  by the form ula, it can be seen th a t  if, e.g. all th e  d a ta
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are double of those o f an o th er group, th e  value of s will be the double of 
the  former, too. To achieve this, it is no t necessary to  double the  num ber 
of data , it suffices if these are located tw ice as sparsely, i.e. more variab ly  
around the m ean, since th e  x x values will become hereby twice as 
great. In  accordance w ith  th e  foregoing, if th e  s tan d a rd  deviations, which 
can be called v ariab ility  indicators, are com puted  from  transform ed (loga­
rithm ic) d a ta  and  if in th e  la tte r  the d is trib u tio n  is asym m etric, the p re ­
viously m entioned p roperties  are valid for th e  logarithm s of the data . T here­
fore, if the s ta n d a rd  deviation  has to  be in te rp re ted  in its original scale 
(in term s of m athem atics re transform ation  is perform ed), the sym m et­
rical in te rp re ta tio n  ou tlined  above will n o t be valid, b u t it can be su it­
ably modified. In  case of logarithm  it m eans th a t  the  retransform ed value 
of the stan d ard  dev ia tion  (es) or th a t  of th e  double s tan d ard  deviation 
(e2S), etc. will yield a figure by  which dividing th e  retransform ed arith m eti­
cal mean (ex) or m ultip ly ing  it respectively, roughly  an  identical num ber 
of cases can be expected  betw een this value an d  th e  form er mean.

Correlation coefficients (r). These are th e  indices showing correlations b e­
tween various variab les (properties, param eters). The best known version 
is P earson’s correlation  index, also used in our w ork. This is com puted by 
dividing the  com bined variab ility  of th e  tw o variables (x, y), the so-called 
covariance

_ Z  (x -  x) ■ (y y)
sx,y — П 1

by the product of s ta n d a rd  deviations expressing the  separate variab ility  
of the two variables

лr _
sx sy

The correlation coefficient can be visualized as th e  angle or more exactly  
as the cosine of th e  angle (in the  n  dim ensional space) form ed by the vectors 
composed of the  xv  x 2, . . . , x„ and yv  y 2, . . . , y n observed values. Accord­
ingly, the value o f r can range from —1 to  -(-1. A positive correlation co­
efficient m eans th a t  th e  changes of the  tw o param eters  are unidirectional, 
the negative r m eans th a t  the changes have an  opposite trend . A value 
around zero m eans th e  lack of correlation. I t  m ust be m entioned th a t  th is 
in terp re ta tion  of th e  r value can be baseless in some bad  cases, and  it is 
the more acceptable th e  b e tte r  it can be expressed by  th e  d irect correlation 
of the variables, i. e. th e  more ‘linear’ is th e  connection between them . 
The linear connection m eans th a t the values of one of th e  variables sh ifted  
by a suitable co n stan t an d  by  pulling ap a rt or pressing together th e  scale
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of th e  variable w ith  a su itab le p roportionality , w ith sm aller or g reater 
s tan d a rd  deviation, a value near to  the  o ther variable is ob tained . (The angle 
of th e  ‘observation vec to rs’ o f th e  tw o properties will be characteristic for 
th e  tren d  and in tensity  of th e ir unidirectional change. This is not so, if 
th e  com ponents of the  vectors, i.e. the  re la ted  observed values of the tw o 
properties in some dim ensions, in our case in some of our exam ined ind i­
v iduals are correlated in a d ifferent m anner th an  in the o th er dimensions, in 
our case in the o ther p a r t of th e  patien ts.) I f  the  type of correlation between 
th e  variables is s tric tly  curvilinear, which manifests itself by  th e  fact th a t  
betw een the  points determ ined  b y  th e  pairs of properties on the  coordinate 
p lane only a curved line can de draw n which is far from  being straigh t, 
th e  r values reveal a strong bias. The equation  of th e  covariance shows 
th a t  in an extrem e case, for instance, if  th e  correlation is characterized 
by  a  semicircle, the  value of r will be close to  zero w ith  th e  values being 
located  near to  the  semicircle. I t  is w orth  considering th is  po in t in detail 
because the m easurem ent of in ten sity  of interdependence betw een the v ari­
ables is a very difficult problem  o f m athem atica l statistics, th e  in terp retation  
of th e  results being a  stringen t task . I t  is unavoidable, therefore, as it has been 
a tte m p te d  in this work, to  use the  appropriately  selected function  (logarithm) 
instead  of the  variable itself. The correlation of the new variab les obtained 
in th is  w ay should practically  be linear, offering a real chance for m easuring 
th e  s tren g th  of their correlation and  for comparing the re la tiona l s treng th  
of th e  single pairs.

In  order to  exam ine m ore variables, the  presentation o f th e  correlation 
coefficients is obligatorily done in th e  m atrix  form. In  th is square scheme the  
figures found a t the  intersection of columns and  rows express th e  r values of 
tw o variables w ith the  corresponding serial num ber. As th e  single variables 
have a  perfect linear correlation w ith  them selves, the m ain diagonal of the  
m atrix  contains mere values of 1.0000. A t the  sym m etrical places w ith regard 
to  th e  m ain diagonal th e  sam e num bers can be seen, since th ey  give the  
correlation of the sam e tw o variables. I t  m ust be noted th a t  the  m atrices 
fo rm ed  from  the covariance (covariance m atrices) have sim ilar properties as 
th e  correlation m atrix . I t  could be seen from  the equation  th a t  the self­
covariance of any variable is equal to  th e  squared  s tan d ard  deviation  of the  
variable (so-called variance), therefore th e  m ain diagonal of th e  covariance 
m atrix  contains the variances. The covariance m atrix  is also sym m etrical 
w ith  respect to  the m ain diagonal, because the  covariance o f у  w ith any  x 
variab le  is the  same as th a t  of у  w ith  x.

Partial correlation coefficient. I t  describes th e  correlation of tw o param eters 
(in our case the correlation of th e  logarithm ic changes of m ax  dC\dt w ith
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th e  column concerned) b y  neglecting the  effect of th e  o ther variables. 
Sim ilar rules are valid  for th is index as fa r as value, sign and  reality  are 
concerned as in th e  case of a simple correlation coefficient. This index 
was used in our s tu d y  only  as a control for the  valid ity  o f th e  correlations, 
an d  the form ula is fa irly  com plicated, so it is no t discussed here in detail. 
T he partia l correlation coefficient of th e  changes of m ax dC\dt w ith itself 
is —1.

Regression coefficients (regression constant, a, regression coefficients, bv  ...). 
I n  th is s tudy  regression was always com puted in order to  describe the corre­
lations, w ith a su itab le  selection of the  indices, by  a  simple equation:

у  =  a +  b1x 1 +  b2x 2 +  . . . bk x k.

I f  there is only one independent and  one dependent variable, then

у  =  a -f- bx

(this is the equation  of th e  s tra igh t line). T he coefficients w hich best describe 
th e  correlation can be determ ined th a t  w ay by  su b stitu tin g  on the  righ t 
side of the  equ a tio n  th e  ac tua l values o f the independent variables. The 
stan d ard  deviation of th e  dependent variable y, around  th e  estim ated value 
of у  (linear com bination), should be th e  sm allest. The regression coefficients 
have the following form  if there are tw o variables:

b _  Z  (X -  X) •  (у -  У)
£  (x — x)2

a  =  у  — bx.

Hence, the  regression coefficient b is re la ted  to  the  correlation coefficient 
r, as the s tan d a rd  dev ia tio n  of у  to  th e  s tan d ard  dev iation  of the x  variable. 
As fa r as the  sign o f b is concerned, th e  rules are th e  sam e as in th e  case 
o f correlation coefficients. The equation  o f a reveals th a t  the  regression line 
crosses the po in t determ ined  by  the averages. The regression coefficient a is 
also called ‘in te rc ep t’ an d  the  coefficient b ‘slope’. In  Table 11, the partia l 
regression coefficients w ith  more variables are listed  in  th e  following order: 
a, bv  b2, etc. u n d er th e  nam e of ‘regression p aram ete rs’.

The regression eq u a tio n  makes possible th a t using th e  independent vari­
ables (in our case: th e  re s t values and  th e  values a fte r exercise), the changes 
of the values of th e  dependen t variable can be forecast (in our case: m ax 
dC/dt). The ‘p ro m in en t’ role of dependent variable has been given to  the 
la tte r  because th e  ca ro tid  derivative is th e  prim ary  m ethodical basis of this 
study . The question  was to  decide in  m athem atical term s to  w hat ex ten t
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the m odification o f this index afte r isoprenaline adm in istra tion  was influ­
enced dy the  behav iour of o ther haem odynam ical param eters. L ater, tests  were 
carried ou t for checking the  correlation an d  the  significance of the regression 
coefficients. These exercises and  the  s tu d y  o f the  correlations, together w ith  
th e  significance te s ts  (see later), enab led  th e  selection o f th e  most su itab le  
param eters, a p a r t  from  m ax dC/dt, for th e  characterization  of the h e a r t’s 
condition.

In  Tables 10 an d  11, there are tw o basic forms for th e  calculation of th e  
p a r tia l logarithm ic regression. The resu lts obtained by  these m ethods d e­
scribed above revealed  th a t  the regression analysis of th e  th e  experim ents 
using 5 fig (fixed dose) isoprenaline is, as fa r as in te rp re ta tio n  is concerned, 
superior to  th e  experim ents carried o u t w ith  changing doses of isopren­
aline.

F  test. This is a m athem atica l-sta tistica l m ethod based  on the  quotien t o f 
tw o variances:

„2
p  — _£з_

4  '

The com putation  of the F  value was done (in the course of the p a r tia l 
logarithm ic regression calculations) from  th e  s tandard  deviations o f th e  
regression of у  on x, thus characterizing th e  streng th  of th e  regression re la ­
tion . In  th is case, th e  F  tes t tab le  is used to  find the p ro b a b ility —assum ing 
no correlation betw een the dependent variab le  and the independent ones —of 
a tta in in g  th e  ac tu a l F  value by calculation from d a ta  (significance level). 
B y  using th e  F  te s t, it was also possible to  evaluate th e  relation of th e  
s tan d a rd  dev iation  w ithin and  among th e  various diagnostic groups (see D2).

I t  is w orth  m entioning th a t  the significance tests  are often  no t in terpreted  
correctly . L e t us consider te s t sta tis tics  (in our case th e  F  values) based on 
our experim ental d a ta . In  the  s ta tis tica l tab les the values of the tes t s ta tis ­
tics correspond to  a  certain  probability , th e  so-called p  value. (So in th e  
F  tab les the  critical values are found belonging to  the p values and  corre­
sponding to  the  degrees of freedom of th e  num era to r an d  th e  denom inator.) 
I t  would be erroneous to  say th a t  if b y  calculating th e  real value of th e  
te s t  s ta tistics th e  critical F  is obtained, th is gives the p robab ility  of the tw o 
options (there is no, or there is a correlation), because if  p  =  0.05, the  p ro b a­
b ility  of the  first op tion  (no correlation) is 0.05, i.e. 5 per cen t and  th a t of th e  
second (existing correlation) is 0.95, i.e. 95 per cent. In  fact, it is logically 
impossible for us to  form an  opinion on th e  above probabilities. Tor doing 
so it would be necessary to  know the chance of realization of th a t  very possi­
b ility  (‘there is a  correlation’), abou t w hich we are seeking inform ation only
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now. The correct in te rp re ta tio n  is as follows: the  p  value is th e  probab ility  
o f our tes t s ta tistics reaching the  critical level provided th e  starting  option 
(‘no correlation’) is valid. The s ta rtin g  hypothesis (‘nu ll hypothesis’) in 
ou r system  has a fixed position, and know ing the  d istribu tion  of the  d a ta , 
th e  probabilities belonging to  the  various F  values can be com puted. T here­
fore, if the  significance p robab ility  is 0.05, the  com plem entary figure 0.95 
(con trary  to  th e  erroneous in te rp re ta tio n ) does no t say  anyth ing  ab o u t 
th e  counter-hypothesis. I t  ju s t reveals th a t  if the null hypothesis is valid  
th e  te s t statistics does n o t reach the critica l level by 0.95 probability . The 
v a lid ity  of the  counter-hypothesis can be inferred from  indirect data . I f  
th e  value of p  is fairly  small, i.e. if th e  n u ll hypothesis is valid, the ‘1 - p ’ 
value has to  be large enough th a t our te s t  statistics should  not a tta in  th e  
critica l level, while in our case it a tta in ed  it. I f  the null hypothesis is m ain ­
ta in ed , the realization of a highly im probable event has to  be stated . T here­
fore it is discarded and  th e  counter-hypothesis is chosen. This reasoning, 
appearing  earlier several tim es, had  to  be repeated  because the erroneous 
in te rp re ta tio n  of significance m entioned above causes m echanical u tiliza tion  
o f th e  d a ta  w ithout proper professional control. The resu lts of the sta tis tica l 
te s ts  are considered landm arks for o rien ta tion , which canno t be in terp re ted  
e ith e r by them selves or by  th e ir num erical values b u t only  in the con tex t 
o f our biological and  m athem atical knowledge. The reader is requested  to  
ev a lu a te  te s t sta tis tics  and  significances in  our work w ith  th is tho u g h t in 
m ind.

t test (Student test). I t  is based on th e  value of t which is the quotien t of 
th e  m ean of the  q u an tity  investigated  an d  the  s tan d ard  erro r of this m ean.

A t the  com putation  of th e  p artia l regression the slope of the regression 
was re la ted  to  its own s tan d a rd  error. In  case of two variables the equation  
o f t is as follows:

r ) n  2 

j 1 - r2

w here r is the correlation coefficient, n is th e  num ber of cases. This form ula 
w as used to  calculate th e  significance of th e  regression coefficient. The sig­
nificance of the  change or th e  significance betw een sim ilar d a ta  of two groups 
w ere calculated by  S tu d e n t’s one- or tw o-sam ple t test.

'  [  nx ny

t =  ^ L ,  t =  { x - y ) h ^ ± b .
s S

H ere X, у  are th e  arithm etic  means, n  is th e  corresponding num ber of cases, 
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S, in case of one-sample tes t, is th e  stan d ard  deviation an d  in two-sam ple 
test, the  common s tan d a rd  deviation.

The я,— 2 occurring a t  th e  calculation of significance o f th e  regression 
coefficient the n — 1 in the  form ula o f s tan d ard  deviation a t  th e  on-esample 
t te s t and  nx -j- ny -  2 a t th e  equ a tio n  of the tw o-sam ple t te s t are the  
degrees of freedom. The degrees of freedom  tell us how m an y  d a ta  can be 
freely obsei'ved, i.e. th e ir value is n o t fully determ ined. In  case of simple 
linear regression the equation  of th e  stra igh t line is dealt w ith , which is de­
term ined  by  two d a ta  (intercept, slope), therefore from n  dependen t vari­
ables only n — 2 d a ta  can be given w ith o u t restriction to  a  g iven  s tra igh t line 
and  added to  given independent variables, since the tw o o th er points have 
already  been determ ined by  th e  tw o correlations m entioned in the  p a r t of 
th is  stu d y  dealing w ith regression coefficients and based on observed data . 
This can also be seen a t  th e  calculation of one-sample t te s t. Only n — 1 
d a ta  can be freely selected for the  s tan d a rd  deviation. One po in t, the  m ean 
(X) is given, w ith the  values of sca tte ring  being located a ro u n d  th is figure. 
The sam e principle is valid  for the  tw o-sam ple t test, where nx 1 d a ta  can 
be freely selected around  x  and  ny — 1 around y, so a ltogether nx +  ny 2. 
The degree of freedom  m eans th a t  th e  variable can be considered the  sum ­
m ation  of the squares of such a num ber of independent no rm al variables. 
I t  belongs to  the determ ination  of th e  probability  d istribu tion  of th e  t te s t 
statistics, in o ther words, to  the  determ ination  of w hat p ro b ab ility  is to  be 
expected  for the frequency of certa in  values provided th a t  th e  null hypo­
thesis holds. The probab ility  values are to  be taken from  th e  /-table w ith 
regard  to  the  degree of freedom.

In  th e  F  statistics, b o th  the  n u m era to r and  the denom inator contain  an s2 

q u an tity , therefore the  F  tab le  has been m ade w ith two types o f degree of free­
dom, one for the  num erato r and  the  o th er for the denom inator. This takes 
tw o dimensions, so the  p  values can be found in the headings o f th e  tables.

In  the  first p a r t of this chap ter th e  s tan d ard  error of th e  m ean has been 
m entioned. The m eaning of th is is as follows. I t  should be know n how reli­
able th is value is, how it can be expected, in eventual subsequen t observa­
tions, to  be near to  its p resen t value. Answers m ay be found for th e  correla­
tio n  l te s t w ith the following definition:

У 1 - r 2
' n  2
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for the  one-sample i-test:
s

} n

and  for the  tw o-sam ple C test:

S  [ nx +  ny _
n x n y

The la tte r  tw o are usually  called s tan d ard  error o f th e  m ean (standard  
error) and s tan d a rd  erro r of the  m ean difference. I t  is also custom ary to  
use this as a m easure for th e  reproducibility  and  to  w rite  it down either 
separately  or nex t to  th e  m ean w ith ±  sign.

The significance o f these  values is th e  sam e as for th e  s tan d a rd  deviation. 
F or instance, b y  considering the  s tan d ard  error o f th e  m ean the v ari­
ab ility  of the  m ean o f sim ilar observation sets w ith  n  d a ta  can be character­
ized, ju st like b y  increasing or decreasing the  s ta n d a rd  deviation, values 
w ith  different v ariab ility  are tho u g h t of.

Significance probability (p).  As has been said w hen dealing w ith the  F  
test, th is is a  p ro b ab ility  w ith  th e  assum ption th a t  th e  ‘null hypothesis’ 
(no change, no difference, no correlation, etc.) holds. I ts  value gives the 
chance for reaching th e  figures ob ta ined  by  th e  te s t  sta tis tics  (F, t, etc). 
The trad itional line is followed and  generally the  ex istence of a re levant 
effect (change, difference) is assum ed if p  is less th a n  0.05, i. e. lower th an  
the  5 per cent significance threshold. However, th e  p  values are ra th e r 
considered guide lines for a  b e tte r in te rp re ta tio n  o f our results.

SOME CONCEPTS AND NOTATIONS OF T H E  D ISCRIM IN A N T
ANALYSIS

C om putations perform ed by this m ethod can be found  in C hapter 6, and  
are best illu stra ted  b y  Tables \Aa-p. This tim e we are  presenting briefly 
the  elem ents o f th e  m ethod.

M atrix of sum s of products {of deviations. This is th e  m atrix  of S P  =  
— E{x — x) (y — y). I n  th e  m ain axis are th e  SQ =  (x — x)2 deviation 
square sums. S 1 m a trix  contains th e  sums of G roup 1, m atrix  S 2 those of 
Group 2, and  S  con tains th e  to ta l sum , i. e. th e  sum  o f th e  corresponding 
figures of th e  tw o m atrices. These m atrices, sim ilarly  to  those of correlation 
m atrices, are sym m etrical. The discrim inant analysis described on p. 165 
of C hapter 8 looks for such a linear com bination o f th e  variables which
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should have a m axim al two-sample t betw een the  two groups. The m ethod  of 
the  d iscrim inant analysis, sim ilarly to  the  calculation of th e  common 
s tan d ard  deviation of the tw o-sam ple i-tes t com putes a com m on m atrix  
(S) from  m atrices S 1 and S 2.

D iscrim inant 1 weights' {lambdas). These are the coefficients of th e  single 
variables in  the  previously m entioned linear combinations.

I f  the op tim al com binations for th ree  variables are:

Лх X +  Л у у  +  Л г z

and  X, у  an d  z represent logarithm ic changes (natural, e-base logarithm ) 
the  power functions are:

j ' ^ m a x  | Л *  Y m a x  j Ay 1% т а х И *
I Z n ) I T 0 j \ Z 0

where m ax denotes the  m axim um  deriva tive  and  0 is th e  zero tim e.
The ind ividual weight of the single variab le  is expressed more realistically  

by  th e  so-called ‘standard ized’ d iscrim inant weights: Я VSQ. The SQ  values 
are the  elem ents of the diagonal line o f th e  S  m atrix , for instance, for the 
second variable it can be found a t  th e  crossing point of the  second colum n 
and  the  second row.

Diagnostic scores (Z alphas, Z a). The realizations of the  m entioned linear 
com bination on th e  m aterial observed. I f  x  =  1 (in our case th e  hea lthy  
group), for th ree  variables

Z x =  f .xX  -f- Ayy  -J- Xzz

X , у  and  z are in teracting  variables (logarithm ic changes) in the  sam e ind i­
vidual. I f  a  =  2 (in our case Group 2, clinically diagnosed as cardiac p a ­
tien ts), for th e  individuals of the  group:

=  ^xx  +  ЛуУ - f  Я ^

w ith  th e  sam e lam bda values, b u t —if th e  separation of the groups was 
successful —w ith  a  different range (in our case it is lower).

M ahalanobis’ D2 statistics (‘generalized distance’). I t  expresses th e  segre­
gation of th e  groups realized by  discrim inant analysis. W ith  the value o f D2 
the  s tan d a rd  deviation of the Z  figures inside th e  group can be characterized

8 t =  —  D
1/%  +  n 2 — 2

(the value o f th e  la tte r  is between S Zt an d  S y group stan d ard  deviations, 
p rin ted  in lower lines of Table 11). The M ahalanobis sta tis tic  is specific for
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th e  s tan d ard  deviation  of the Z a figures w ith in  one group and  between the 
groups. Therefore, value F  can be d irectly  calculated  and  the  significance of 
th e  segregation can be ev a lu a ted  (see F  test).

Discriminant threshold (Z0). This is a critical value of the  Z y com bina­
tio n  which m ust be exceeded by  th e  diagnostic scores to  enable the listing of 
th e  individual in G roup 1. This is necessary to  preserve the  valid ity  of the  
principle th a t  th e  sum  of the probabilities of ‘erroneous’ listing (that of the  
tw o different listings) should be m inim al.

Chances of prediction of the discriminant analysis. These are the proportions 
of percentages of the  ‘correct’ and  ‘erroneous’ listing using the  d iscrim inant 
analysis for segregation. The form ulas are

100 n ( Z > Z 0) 100 n{Zx ^ Z tf)
and

n i Щ
respectively

100 n{Z 2 < Z 0) 100 n ( Z 2 > Z Q)
a n d ------n 2 n 2

where n is th e  num ber of cases.
In  our s tu d y  th e  p robability  of listing individuals as ‘correctly h ea lth y ’, 

‘erroneously h e a lth y ’, ‘correctly  ill’ and  ‘erroneously ill’ can be estim ated  
w ith  these figures.

Significance probability of the deviation from overlap. This is the p robab ility  
which can be calculated  from  th e  difference betw een the sim ilar predictions 
given to  th e  individuals of th e  tw o groups, in our case between chance 1 
correctly ‘h ea lth y ’ and  4 erroneously ‘h ea lth y ’ or 2 correctly ‘ill’ and  3 
erroneously ‘ill’. This is no t characteristic  for th e  s tan d ard  deviation b e­
tw een and  inside the two groups (contrary  th e  F  te s t calculated from  IF). 
This indicates s ta tis tica l safety  of th e  d istinction, in o ther words deviation 
from  the overlap in the  two diagnostic groups (Z1 and  Z 2). Thus it gives 
a  more d irect inform ation abou t the  efficiency of the  discrim inant analysis 
an d  m athem atical processing.

The structure of further discriminant analyses. In  the course of our s tu d y  th e  
changes of th e  m ax dC/dt, systolic blood pressure and  pulse ra te  and  th e ir 
functions were selected to  distinguish betw een healthy  and  cardiac ind i­
viduals. This separation  m eans th a t  using th e  suitable functions of the  
param eters b y  m eans of th e  d iscrim inant analysis linear com bination of 
th e  functions is chosen, providing num erical values so th a t  one of them  is 
a  threshold. Ind iv iduals having figures below th is threshold  are cardiac 
p a tien ts  and  those above it  are m athem atica lly  ‘h ea lth y ’.
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F o r th is purpose the  discrim inant functions prepared  in  program s A -J  
have been constructed  w ith  a unified m ethod . W ith  some indices and  criteria 
it  was possible to  construct the  basic functions and  com binations of these 
functions suitable for discrim ination.

A t th is po in t an  account will be given on the sequence of d iscrim inant 
analyses, prim arily  for th e  reader in te rested  in m athem atics. The processing 
was m ade in the  Com puter and A utom ation  In s titu te , using a CDC-3300 
com puter of the  H ungarian  A cadem y of Sciences. ALGOL language was 
used for the  program m ing, for the  m a trix  procedures FO R T R A N  was also 
used.

The general properties of the program s are as follows.

1. The linear discrim inant analysis was m ade parallel, using two separate 
op tim um  criteria.

(a) I t  is a trad itiona l criterion o f  th e  discrim inant analysis th a t  seeks 
for such a linear com bination of the  given basic functions, which m axim izes 
the  S tu d e n t’s two-sam ple t values betw een the  two m ain groups (healthy 
and  cardiac patien t). This corresponds to  th e  hypothesis accepted in the  
m a th em a tica l— statis tica l literature th a t  th e  s tandard  deviations of the  
discrim inating variables (basic functions) and  the correlation coefficients 
expressing the  link between the variables are identical in th e  basic popu la­
tions of b o th  groups; the  variation of th e  ac tu a l figures is fortu itous. In  th is 
case, th e  d iscrim inant analysis is based  on the  covariance m atrix  w ith in  
the  groups. The elem ents of the  la tte r  are identical w ith  those of the 
tw o-sam ple t te s t and can be calculated using the following equation:

ar  =  cov (X x  ) S(Xli ~  *lj) +  Г(X2i ~  *2i) ~  *»/)
n — 1

B y th e  inverse of th is m atrix  the d iscrim inan t coefficients are formed:

Á  =  I  ( X U  -  X 2 j )  . 

j

The weights of the single variables, by  elim ination of the  influence of the  
various scales, are expressed as ‘s ta n d a rd ’ discrim inant coefficients:

я; =  м Ж -

The sam e inverse m atrix  yields the  expression

D 2 =  2 ' 2 ' a\ j 1) (*1 Í -  *2 i) (*iy -  *2,) 
i  j
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which is q uad ratic  in  the  basic variables. The value of th is ‘generalized d is­
ta n c e ’ according to  M ahalanobis (D2) is:

D- =  7Л -  Z 2

where 7jx and Z 2 donete the ind iv idual values of the d iscrim inant function, 
in o ther words th e  so-called ‘diagnostic scores’.

The com putation  yields an op tim um , which beside the  supposition of the  
norm al d istrib u tio n  of the d iscrim inant variables, in our case presupposes 
only  a rough covariance hom ogeneity. This m eans th a t  th e  bell shape of the  
frequency d istribu tions of th e  variables does no t differ, however, th e ir 
location is different. Therefore, in  our opinion, the  la tte r  presum ption can be 
om itted , and  an  a ttem p t can be m ade to  produce thus an  optim al linear 
com bination, too.

(b) The covariance m atrices were fo rm ulated  allowing in the basic 
populations d ifferent s tan d ard  deviations an d  correlation coefficients, too. 
In  th is  form ulation, instead of S tu d e n t’s tw o-sam ple t value the B ehrens- 
F isher d value was m axim al betw een the  tw o groups and  it was determ ined 
b y  the following form ula:

d = - ^ = b -У 4,+sí
Those p arts  of th e  program  w hich deal w ith  the  com putation  of the  d is­
crim inant analysis were modified, nam ely the  calculations in point (a) were 
carried ou t as if  instead of th e  original variables th ey  had  been m ade 
w ith  modified variables ob tained  by

, X
Vna(na - 1)

Seemingly, th is  optim um  principle is no t necessary because in case of 
m ore variables w ith  norm al d istribu tion  using q uadratic  discrim inant an a l­
ysis, theoretically  an optim um  is ob ta ined  by  various covariance m atrices.

N evertheless, discrim inant functions had  to  be used being lucid and  
easy  to  com pare and  in terp re t. Therefore, for heteroscedastic cases linear 
discrim inant analysis was used as well.

I t  should be no ted  th a t according to  (a) th e  F  can be calculated from  I)2:

F  _  %rc-2 (щ +  щ  — к — 1) _ D2
&(% +  n 2)
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This can be modified using the principles of (b) :

(,s- +  s2 )2 I
n x n 2 ------------------------------------------( k + 1 )

„ U ' . / K ”  ! ) +  *i ,/ (®2 -  !)F  ----------------------------------------------------------------------------X)2 .
&(% +  n 2)

This is a satisfacto ry  approxim ation, an d  th is  s ta tem en t is supported  by  
th e  fact th a t  in hom oscedastic and  in one-sam ple (comparison w ith  a con­
stan t) special cases the  exact degrees of freedom  are obtained. As a m a tte r  
of fact, th is  is a m ultidim ensional generalization of the  degree of freedom  
equation  described b y  W elch for the  B ehrens-F isher case.

The in terp re ta tion  of the  basic functions is based on th e  results ob ta ined  
by  th e  calculations according to  (a) an d  (b). These have also po in ted  to  
the  new functions to  be applied.

2. The chances of prediction are calculated  and  appraised as regards 
th e  two groups of patien ts.

The program s give the  diagnostic scores (figures) as to  the  results of 
d iscrim inant analysis by th e  use of one-fourth  of the  s tan d ard  deviation of 
the  frequency d istribu tion  of the  original variables (‘properties’, like x, у 
and  z) as a group distance. Furtherm ore, th is  was also enhanced by th e  in te r­
p re ta tion  of th e  variance analysis of th e  deviations between the  groups.

On the  left side of the tables, nex t to  th e  identification num bers of the  
individuals, are th e  products of values yielded by th e  equation:

±  num  log f int6ger [з  -  log [YT m i n ^ l + ^ n a x j O l j 2]) .
[p a r t  of [ \ 2 JJ

On the righ t side the  same figures can be found concerning the cardiac 
patien ts. The aim  of the  m ultiplication is to  raise the m ajority  of the figures 
up to  the positive th ree-digit range.

The separation  from  th e  listing of th e  po in ts is carried out by fixing the  
‘d iscrim inant th resho ld ’, i. e. the  num ber of points below which th e  ind i­
viduals are healthy , and  above w hich th ey  are cardiac patien ts. The 
threshold  was fixed by  using the m axim um  h it p robab ility  w ith regard  to  
the  clinical diagnosis. This means th a t  th e  percentage ra te  of correct qual­
ification, i.e . qualifying the  healthy as ‘h ea lth y ’ and  the  sick as ‘sick’ should 
be maxim al.

On the  basis of h it probability , a null hypothesis can be exam ined, which 
is of course absurd  and  thus yields a very  strong significance, nam ely w hether 
the  p robab ility  d istribu tions of the  diagnostic scores of the  two main clinical
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groups are iden tical or not. This can be perform ed by the  form ula based on 
the  theorem  of G nedenko-K orolyuk

P  \ 1/ n ' n z (Fj_- F 2) <  у  1 =  1 e~2y"
I I n i - f  n 2

an d  by  its  v a rian t applicable to  our special case:

P{W >  W 0) =  exp Г - — l ” 2 И  »
5000(wj -j- n2)

100 +  w 0
where ------------- is the m axim al h it percentage.

2

This te s t used for comparison of p ro b ab ility  distributions is simple b u t 
rem arkab ly  im proves the possibilities of checking the  ‘correctness’ of the  
separations ob ta in ed  by various d iscrim inan t analyses.

B y com paring w ith in  the  program s th e  F  values ob tained  by the  ‘v ari­
ance analysis of th e  Z  values’ w ith  th a t  of ‘deviation from  the  overlap’, 
some points should  be considered. T he F  values, or more exactly , the order 
of m agnitude of th e ir significance, ind icate  th e  probability  of the  repetition  
of an  ac tua lly  observed separation  in a hypo thetical investigation to  be 
perform ed la ter. This probability  com pu tation  is based on the  s tan d a rd  
deviation  of diagnostic scores w ith in  an d  betw een the groups. The listing 
according to  th e  deviation from  th e  overlap, however, gives inform ation 
ab o u t th e  accuracy  of the  h it p ro b ab ility  (in distribution-free sense), an d  
i t  is less su ited  for the  prediction of repetition . The consideration of the  
tw o ran k  orders, th e  simple functions being easy to  evaluate, and, in ad d i­
tion, the  D2 analysis provide a good chance for classification of the  results 
of the d iscrim inant analyses and for th e  selection of the ‘b es t’ com binations 
o f functions.

Three types of breakdow n are given for th e  current D 2 values the  la tte r  
being in functional connection w ith th e  m axim al t and d values.

(a) The breakdown of the generalized D2 distance according to variables. 
This breakdow n enum erates as ‘determ ination  coefficients’ p artic ipa ting  
values ob ta in ed  by  breakdow n and  yielded by  discrim inant analysis. These 
values are y ielded in absolute and  re la tive  ra tes (with U 1 or u n ity  as sum) 
in  com ponents corresponding to  single variables and  pairs:

A'f resp. 2 X'i Aj rt : .

(b) Effect of variables on the formation of generalized distance D2. A  tab le  
w ith  th is  heading presents contribu tions expressed in percentages. In  th is
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respect the variables are exam ined as to  their discrim inating power. In  th e  
first column th ere  are the squares of the  contributions [po in t (a)], in 
th e  second colum n th e  half sum  o f th e  percentage of p artic ip a tio n  of th e  
single properties ob ta ined  according to  point (a) w ith  th a t  of all the  others. 
F ina lly  (as the sum  of the d irect an d  indirect discrim inating contributions) 
th e  sum m arized d a ta  of the tw o previous columns are displayed. Conse­
quently , the sum  o f th e  H  values in  th e  th ird  column is 100.

(c) The percentage decrease of D 2 after omission of the single variables. 
In  th is table n o t th e  to ta l b reakdow n of D2 is p resented, b u t the  p e r­
centage decrease o f its  value in  case th e  d iscrim inant analysis had  been 
m ade by one variab le  less, i. e. b y  omission of a  specific variable. 
T he com putation o f these percentage decreases can be perform ed from th e  
re la tion  for the  extension of th e  sym m etrical m atrices b y  one dim ension:

Dl =  D2 - - ^  =  dkD2.
<Ak’

The application of this re la tion  is considered by us useful, in addition to  
th e  more suggestive relations m entioned  under (a) and  (b), because these 
‘ra te s  of decreases’ have a functional connection w ith  th e  decrease of th e  
index derived from  inform ation th eo ry  and  related  to  in ter-g roup  discrim ­
ination  inform ation (K ullback 1962). B ased on experience gained by  n u ­
m erous discrim inant analyses, i t  was concluded th a t  th e  variables which 
y ield  no t more th a n  20 per cent o f the  to ta l am ount o f discrim ination in ­
form ation can be om itted . Since th e  discrim ination inform ations are linear 
functions of logarithm s of the  corresponding D2, th e  following equation  is 
th e  expression of th is  criterion:

П  (Ő,)6 )> 7Г, Ő,.
ői > <5o

T his has been applied  in the p resen t s tu d y  to  em phasize th e  re levant v a r i­
ables and they  will be applied in fu r th e r studies as well.

N egative com ponents m ay also occur in  decom positions discussed under 
(a) and  (b). Moreover, this does n o t d istu rb  the conclusions which can be 
draw n on the relevance of the single variables, because w ith  th e  investigation 
o f th e  hom oscedastic and heteroscedastic versions an  opinion can be 
form ed, a t least as to  w hat versions to  apply  subsequently.

The logic of th e  processing, eva lua tion  and  sequence o f our d iscrim inant 
analysis program s has been outlined . The ac tua l order o f th e  program s and  
th e  characterization o f their resu lts  are discussed on pp. 175-97. In  conclu­
sion of the m athem atical p a r t o f  th e  stu d y  on discrim inant analysis th e

15 225



basic versions are su rveyed  of which op tim al linear com binations were used 
for th e  different d iscrim inant analyses.

The discrim inant coefficients ob tained  for the  single variables were m ulti­
plied, th is being m ade so th a t  the yielded values should be proportional and  
easy to  handle and  th e ir  relations could be in terp re ted  satisfactorily . In  no 
case was the rounding o f the  values a disturbing fac to r in discrim ination 
of th e  m aterial.

T H E  SIG N IFIC A N C E  OF COMPUTER, PR O CESSIN G

1. In  extensive pre lim inary  com putations it enhances the  appropriate 
selection of m ateria l an d  param eters. This screening has been m entioned 
earlier.

2. I t  helps a g reat deal in investigations w ith  more variables in com puta­
tions being difficult to  carry  ou t by m anual m ethods. I t  is sim ple to  carry out 
linear regression w ith  tw o variables an d  the tw o-sam ple t te s t in which 
th ere  are m ultip lications w ith the  reciprocal of th e  s tan d a rd  deviation. 
A sim ilar b u t m uch more com plicated ta sk  is the production  of the inverse 
m atrix  as the generalization (with m ore variables) of the  reciprocal values. 
T he aim  of this operation  is to  characterize deviations an d  correlations by 
m ultivariate  s ta tis tica l means, i. e. by th e  stan d ard  dev iation  corresponding 
to  th e  variables’ connection.

3. Mechanical processing m ethods were found su itab le w ith  little m o­
dification, for m ore variables and  by  the  d irect d ig ita l working up  of 
analog signs, for au to m ated  and  wide range in te rp re ta tio n  of investigations 
sim ilar to  ours.

4. I t  is possible to  carry  ou t rap id  com putations, an d  in addition to  
th e  results with p rim ary  relevance, less im portan t or m arginally  im portant 
resu lts can be used, com pleting the  in form ation as well. In  th is  context the 
dispersion coefficient expressing the  accuracy  of the regression is mentioned, 
an d  the  to ta l correlation showing the  global streng th  of correlation, fu rther 
th e  construction o f inverse m atrices. These are no t discussed in this study . 
The grouping according to  m agnitude, particu larly  in case of Z  figures, is 
highly tim e consum ing. N evertheless, th is  grouping, perform ed by  com puter 
processing, gives a  chance for control an d  evaluation. This justifies the in tro ­
duction of com puter processing in to  cardiological diagnosis. Com puter 
processing is fu rtherm ore indispensable for the  chain of discrim inant 
analyses (cf. pp. 175-97), and  also for finding the  o p tim al discrim inating 
function in fu rther studies.
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C H A P T E R  10

THE LIMITATIONS OF OUR METHODS. 
OUR OBJECTIVES

T here are no m ethods w ith absolute values, so after describing th e  ad v an ­
tages and  p racticab ility  of our m ethod  an  account has to  be g iven  of the 
lim itations.

These have various characters. N a tu ra lly  everything holds for our m ethod 
w hich is valid  for th e  ‘noninvasive’ m echanographic m ethods in  general. 
M oreover, its usab ility  is lim ited, there is a  hindrance to  reg ister a reproduc­
ible and  estim able tracing on th e  place o f m axim al pulsation o f th e  carotid  
a rte ry . D ifficulty m ay be found in persons having a short an d  s to u t neck, 
an d  showing a lack of cooperation. I t  is n o t always possible to  record a 
technically  satisfactory  curve in young children. We have no experience 
w ith  children, nevertheless there are some publications advocating  the  use 
o f th e  m ethod in children (Simon e t al. 1970, Son 1972).

The m ethod is theoretically  n o t applicable in case there  is an  obstacle 
betw een th e  in traven tricu lar space an d  th e  point of d e tec tio n  (aortic 
stenosis, valvu lar stenosis, IHSS).

W e have no experience w ith our m ethod  in patien ts w ith  o th e r valvular 
failures so we cannot com m ent on difficulties in those cases.

W e th in k  we have no t com pleted our task , it is necessary to  ad d  fu rther 
d a ta  w ith respect to  techniques an d  m athem atics. I t  is necessary  to  in ­
vestigate more p atien ts  as well.

W ith  regard  to  technique, our aim  is the  im m ediate d ig ita lization  of the 
reaction  processing as well as a rap id  answer. I t  cannot be s ta te d  for certain  
w hich solution is ideal: (i ) the  construction  of an analog, so-called ob­
ject-com puter or (ii) a continued link w ith digital un iversal com puter 
an d  a  fast reply. I t  is necessary to  standard ize  the place of th e  application 
o f th e  caro tid  sensor.

In  addition to  drug reaction, for a b e tte r  practical use, th e  in te rp re ta tio n  
o f th e  effect of physical exercise should be worked out. The ex tension  of the  
circle of param eters used so far is a possibility. From  the la t te r  those should 
be preferably  in troduced which have a lready  been m entioned in th e  previous 
chapters. These are the  am plitude changes specific for the  pre-ejection  phase,
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an d  the  trac ing  o f pu lsation  of an  a rte ry  located d is tan tly  from the  h ea rt. 
However, no com puterized processing has been m ade on th e  results so far. 
Investigations should  be carried  ou t on the  u sab ility  of th e  second d eriv a­
tive of the ca ro tid  trac ing  (Simonyi e t al. 1968a).

I t  seems to  be necessary  to  check th e  applicab ility  o f our m ethod in cases 
o f valvular failures.

Some prelim inary  investigations have been m ade on th e  use of our m ethod  
for pre-operative, in traopera tive  and  postoperative m onitoring of p a tien ts .

W e are p lanning  to  ex tend  th e  clinicopharm acological studies and  w ant 
to  develop fu r th e r th e  m ethodology of com puter processing of th e  d a ta . 
A p a r t of these has already  been com pleted.
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