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ABSTRACT - i '3 ) 3

-~ e . i

“that Rodbard's method ‘of ‘noninvasively determining the

anacrotic slope,of the brachial artefy pressure pulse wave
is. useful ‘in cardiovascular .epidemiology.
The materials .were 'the- raw.records obtained 'for. two

groups of subjects ‘aged 55 years living in GBteborg in

1969/70, ‘and “the cardiovascular disease information regis- '

tered for these subjects in the .following tei years.’ The
method of cneckigxg_.o'n “the ﬁyp?tbésis_/ was ‘to qéterming if
there was '« significant’ relationship ' between any of - e 5
eleven variables; used. -to quantify’ ‘the anacroti;:'él_ope
obtained for .each. subject -and his cardiovascular history in .
the ' follow-up period. Because an understanding of the

“physiological ‘mechanisms’ was essential for  the' correct - J . .,

interpretation of any significant results, these mechanisms ‘\

were evaluatéed by first submitting the variables' to factor

G . analysis and covariance analysis.

The means aid the factox score’ coefficients of .thé
. +.-variables were not found to be related to the development of

= ' '\ cardiovascular disease in the follow-up peridd. However, a

eignificant. Telationship was ‘found between oie pair of varic

5 ‘ables . in combination, (systolic pressure and the gradienm

e the’ initial, linear pdrtion of the anacry‘e) an

T oum - . The purpose of /this study was to test the hypothesis’ i e
i




\.
[
subject's risk  .of experiencing a‘stroke in the follow-up

s \ g ot !
permd. \ s 5

% tial to be useful in cardiuvaecular epx.demi.ology because one

membez of ‘the pair of var!.abla- determined to- be of value
(tha qradiunﬁ af th‘e initial, U.neax portiof~- of "the

anacrotic slope) ‘can be easily. ob\:aLned only by Rodbird s

mathod. : N J d \

T

" of "factor analysxa a/t‘\d covaxLance

nalysis: it s pps;\m.e

uystoh.c pressure qnd the gradient of the imitial,. linear

pottion of 'the -anacrotic slcpe are knewn, and e ie"not

S
B

necessary, to correct . the variahxes for diffe ence! in lleart

rate. E ol e g e

v It was concl\lded (‘.hat Rodbard's method “has. the poten—

5 Two importanh aﬂdit;unal eonc usions :arose Erom the use

ely " yhexe
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. ‘ABBREVIATIONS AND DEFINITIONS

L < - BMDP.Biomedical Data Processing Manual program ,
¥ e pulse wave. velocity (m/sec) Gty
ca:duc contractility: the- performance' of .the heart as, a

whole, eg as measured by the. rate of pressure rise in
the ventricle during the isovolumetric, contraction

period
> D duration Of ‘the anacmnc slope (msec), onée of ‘the
: 8 -, - Rodbard 'variables
i 2+ "B, Young's'elastic modulus,:ie the raxauonsmp bétween
| @tress and strain. for the arterial wall, .in the long-
. itudinal direction (dyn/cm?): B
t G gradient of. the initial) * Yinear portion of ' the
anacrotic slope (miHg/sec), one, of- the Rodbard. vari—
. ables i o
h arterial wall thickness (cm) .

LT duration of. the initial, -linear' portion. ~of 'the’
‘ i anacrotic slope (msec). one of the Rodbard wariables

LVET time elapsing between the opening 'and 'the closing of
& the aortic valves (msec),.a systolic time interval

NA area measurement related to the ncnlinear‘portian of
~the “anacrotic’ slcpe (mmHg'msec), . one “of. the -Rodbard
variables o P -

NP!  amount of nonlinear pressure increase of the anacrotic
® slope (nmﬂg), gne of the Rodbard varxa'hles ‘.

3 \
NP, duration of the Tronlinear portion<of . the anacrotic
. slope (msec), ope Jf the Rodbard . variables
. v X

probability . . :
i PEP ' time elapsing ‘between the Q Wave of the  electro-
1 ... cardiogram and the opening of the aortic valves (msec),
! " 2 a aysr.ouc time  interval . -
f b physmlugmu mec'han:.sm- any p‘hysiulcgical process or
<l | /Property ‘capable of producing a physiological change

PP pulse pressure (mmHg) b

R radius of arterial lumen (cm)

. ) 9 ' ] ’ : '1,“,'“;

7,




Ve T 2 ' © xviii
a i 3 v
r s).mple correlation coafficiem—. ,
RKD. . time elapsing between thé. R wave' of the* &lectro-
cardiogram and the -arrival of the foot of the arterial
K ‘pressure pulse wave at* r.he ‘brachial  artery under the

cuif (n\sac)

rh

Rodﬁérd Variables: ' the seven'variables ‘used in this thesis
which are only available noninvaaively through the use
of Rodbard's method -

RR ’cardiac cycle length (msac)
Ei g systolxc pressure. (mmig)

,mm tifie elapsing betwéen the '@ - wave’ of | the: electro-
cardiogram.and the arrival of the foot of the arterial
:'pressure pulse wave at . the- brachial artery' under..the
cuff (msec), ‘one. of the Rodbard variables.

QKS t;me elapsing - betwéen the o wave of the - electro-
. cardiogram and the arrival of the peak. of ‘the ‘arterial

*  pressure pulse’ wave at the brachial artery- under . the
cuff. (msec), a. Rodbard variable used with- QKD to

. calculate D o P a '

. . . blood density (gm/cmd) . o




INTRODUCTION

The usudl indirect auscuitatory method of determinlng
blood 'pre%ﬁre (Korotkoff, 1805) has been mmiified by
various researchers to record simultanecusly the Korotkoff
sounds, brachial cuff préssure, and'the eleétrocardicgraphic
tracings. on a three—c}.annEl Tecorder. From the records thus
obtained, .the’ time interval from the onset Of: the QRS com-

plex to the arrival of the arterial pulse.at the brachial

‘icuff can be measired. . This timé interval varies with, the

pressure in-the cuff, beifig. longest for the first sound

heard ,as the ‘cuff pressire falls (systolic pressure) aid

’shon—.es: for ‘the last' sound heard (diastolic pressure).

These 'two ima intervals are generally ' designated .QKS and

QKD Tespettively. . ALl the time iftervals and Cuff pressures

betweer QKS and QKD can ‘be used. to conatruct a graph of the

anacrotic: slope ‘6f the brachial artery pressure pulse wave™

(see Figure 1). This sifiple, nonihvasive method of con-

structing the ic slope will 1y be

to as "Rodbard's method" both. £or, the sake of “clarity and,

conciseness and. because;, in searching’ the literature, it

became obvious that the name of Simon Rodbard (1911-75) was

*‘intimately  associated with its development. His publica-.

. s ¥ i -
tidns incorporating this method date from 1952 until 1979,

and the term -"Rodbard's method" was first. used by Geddes,

%:, Posey, and Sutherland (1968).
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nisn\s was eéssential fo

"The -purpose of this study was to. test the hypothesis
that Rodbard's: method of. noninvasively ' determining the
anacrotic slope of thie brachial -artery pressure pulse wave

is-uséful in caraiovascular epidemiology.

The materials were the raw records obtained for .two
groups of subjects aged 55 years' and 1iving in ¥8tevorg in

1969/70, “and the cardiovascular disease information ‘regl.s—

~‘tered for these subjects in the  following :ten years. The
method of chetking the hypothesis was 'to determifie if there:

was a sanlf).cant relanonsmp betwéen ‘any ’ of the eleven

variables used tosquantify the anacrotxc slope optaifea for

each subject -and his cardiovascular history. in the Eollavr-up

period. The results and discussion of this reséarch: aré .

presented *in  Chapter 'IV. &

Because an - understanding  of t‘he 'physf.nlogica). mecha-

‘the correct -iterpretatior.of the

~resuits.these mechanisms were determined from the literature

(Chapter I) and~evaluated where possible by first submitting

the. .variables. to factor 'and covariance analysis. “The

results and,dxscuasmn of ‘this. research are presented in

chapter 15T,




3 CHAPTER I
RODBARD'S METHOD: 1ITS PHYSIOLOGICAL BASES AND ITS
i
POSSIBLE nsxmn.m;ss IN EVALUATING BLOOD FLOW AND_

'/

PRBDIC!JW CWIOVASCULAB HEALTH

R as ) FROM THE
“ SECTION'1 .

An Ixami.m:tiﬂn o£ the vnlidlty of Rodbard's method

. 4 Rodbard, _R\xbut::e).n, and Rosenblum (1957) presented the

“details of this me

only as an ‘abstract (Rodbard and Rubinstein, 1952). !

- ‘Korotkoff = sounfls ‘were' picked up with a microphone -and
recorded simnltaneously with an electtccatd.{og‘raphic trac-

ing, on which cuff pressure, was™ mdu:aced manually by markmg ’

the cuff pressure. on the' record at 10 maiig intervals.’

graph was then plotted of the sphygmomanometer cuff pressure
as a fanction of the tive zm:erval from the ‘Q 'wave of the

electrocardlographxc record until ‘the -oriset of the Korotkoff

tions QKS and QKD to ‘describe respectively. the time ‘intervals’

of the first and" last Korotkoff sounds heard as cuff.pressuie

declifed.

To determine if - the gragh :eproduced the anacrotic

slope of - the brachial ‘pressure wave,’ intraarterial blood

5d, ‘which -previously had been available

sounds. ' A number of consecutive pulses were required to con—

struct the graph. Rodbard et al ‘(1957) used the abbrevia-

)



pressure recommge were made in the brachial artery’ distal
to the cuff {Rodbard et al, 1957). It was noted that the

1
qnset of (‘.he intra-arterial pressure. distal to.the cuff and

ol ] s .
the first Korotkoff sound- coincided, and also that the

anaerotxc slope constructed from the Korotkoff Tieasurements

y;elded a’curve with the same contour s that obtained from

the i ial ¥ proximal

o tﬁe cutt.

a.  An.examination of the v.nquy ot mdblrd
.comparing it with
. ments

with- {ntr

Mastropaolo, Stamler; Berkson, Wessel, and Jackson (1964);°

fondon -and “London (1967), and »Gedﬂes et. al  (1968).

Mast_xcpsnlo et L. (1964). found that Rodbard s method under-

estinated intra-arterial erstorsd pressure neasirements by
413 moHg, But was significantly. less . fallible “than +thé~
usual suscultatory method. . London and London (1967) con-
cluded that Rodbard's method was clinically -reliable,
because, dlthough it underestimated intra-arterial ayato)(

pressure (phase 1), it did so by only 2 muag.  They fou

t‘he last .Korotkoff sound (phase ' V) overeatu_nated 1nti§—
arterial diastolic pressure by 4-10 mmfig,.- a smaliex‘» error
than ' that obtained whén muffling. (phase . IV) was used. to

determine diastolic pressure. Muffling  was” ‘found. to

method. by

Further validation of Rodbard's m’echnd‘byw%paring it

arterial pressure measurements was réportéd by’

\
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overestimat'e\ 1ntra—art‘eria1 diastolic p'ressuze.by 12-20
mAHg, and’ to be absent. in a “large proportion of t}rxe measure-,
ménts. m.ke Rodbard .et al (1957), London and Lundon (1957) .
also’ concluded that the Korotkoff sounds were “chroro- &
.Logxcéixy related ‘to ythe shape of the. ascending préssure

wave' front. However, Geddes et al (1968) found that the

rate' of pressure. rise. detérmined by .Rodbard's’ method was

slightly less than that determined from their int‘r

= rtez‘ial'
*presaure records., The' best agreemt was np,cﬁ;ned hen the

cardxovasgulm: syar.em was stabls ‘ie, when no.arrhythmiss :

were preserit, and wher the intra-arterial ‘pressire recon_i'
siwwed minimal Cempirieiry Nitiarianal ’

The validity and‘ uFefulness of" (‘.he. auscultatory method
of blood pressure measu\pen\ant is well estaplished alt‘hcuqh

4§ |
inaccuraclee ‘have : been| Eound during ‘and agter exercise

(Henschel, Dela Vega,. and Taylor, 1954). "London and/F.ondon’, 4

“1967). reported that. occauxonally 'theze' ‘were greater
. disorepancies” thar " expactsd betwéen e pressure

and ‘cuff pressure at the first’ Korotkoff soun intra-

arterial pressure was'as much ‘as 20° mmHg higher, than. cuff

press'ure. Because little detail was  given &bout ' their

subjects or the blood pressire levels measured,” no definite

encliB o’ dan , Ua iazaws, gica nte epasi | Parihse e ecto

was telated fo ths level of systolic pressure. . From graphs’

presented by Van Bergen, Wea\therhead, Treolar, -Dobkin; and"
Buckley (1954) it appears . that the discrepancy . between
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direct and- indirect ayst‘é;u‘:‘ pressure was greater When

systolic. pressufe 'was higher. °. This ‘discrepancy .can be

‘estimated by ‘taking® values directly from, their -graph. The

intra-arterial. systolic' pressure was underestimated by 20

mmHg when intra-arterial systolic pressure was 190 mmHg; by,

<16 mmHg when intra-arterial pressure was 160 muHg; and by 10

¥ ;
‘mmHg when intra—arterial pressure was 120 mmHg., A similar

LI
relationship “betwsen “intra-artérial ay.stullc )piespure and

the: size of the diffetence betwear direct and xndx;ecu;

T systelic pressure megguremen_ts was’ also reported by Roman,

Henry! ‘and. Meehan (1965)' and Breit. and O'Rourke (1974).

Roman et ‘al {1965) found t:hat\‘\ the mean systolic error was

17%14  ‘mmHg, ‘when .intra-arterial systolic pressure. was

above' 190 ‘mmHg; 9.5%8 mmHg ‘when 1ntra—arterxal systolic

pressure ‘was 170190 mmig: 817 mmg han - intrichctecial

systolic ‘pressure. was . 150-170 muHg; and 4%2° muHg When

“less than 150 fmHg.

intravartefisl’systolic pressure was

The mean. ‘error for systolic pressures up to 150 mmHg was

similar to that ‘found by Mastropaclo et al.(1964), by London

and London (1967), and”Geddes et “al (1968).  Breit and

O'Rourke (1974) obtained a signiffcant correlation (r'= .56,

P<.Q02) between the heéight of the intra-arterial systolic

pregsure and the degree of accuracy involved in measuring

systolid’ pressure by Rodbard's method. They found that thie

. accuracy’ of Rndbutd':m?thad was greatest, for systo].ic pres-

suzes of. 110-120 ‘mrfig ' and that above these

) readings ‘became pruqrassive],y— less ax:curata. It is. possible

j
!
i
|
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to suggest two reasons for the laxt;er error; zouné. at 'h‘iq'h
systolic pressures: o

1) 28 enb Rerorere Whsiad sie Emures by wall movements
assoéiated with the increase in arterial diameter (see sub-
section c, pp. 13-17), the relationship betweén the size' of
the aiscrepancy between the two methods and systolic pres-
sure; ma]{vbe due to the non-linear élastic properties of the

arterial walli At high systolic pressures wall movements

may be érall because of the high wall tensioh, .with  the
‘ result that no sounds are heard

2)  1f, as - seems likely, wave reflection is important in
determining, the shape of the anacrtic slope, then the
presence of ‘the inflated cuff may also be a factor responsi-
“ble for. ihe' discrepancy between the two-metlods (see.p 99):

A similar relationship between intra-arterial diastolic

pressuré ‘and the size of the difference between direct and

indirect 'diastolic pressure .measurements 'was not found.
indirect diastolic -pressure consistently overestimated
" intra-arterial: diastolic 'pressure as follows: - 312 mmig

(Mastropaclo et al, .1964), 5.0%2.9 mmHg (Roman et al,

1965),. and  6.70%6.88- mmHg {Breit -aha '0'Rotirke,. 1974). -

In; a..sophisticated -approdch to' the Korotkoff sounds at

diastble, Anliker and Raman (1966) determimed thé factors”

affecting the accuracy of auscultation, first by using an
experimental model to . develop equations, and then by
sfibstituting’ the physiological properties of the brachial

artery into. these equations. They foind that the indirect




i
;

st s

. error.

‘the intra-arferial :pressure. wave, overestimates - diastolic

diastolic ) pressure was always highe: than the int!a-arter1a1

gisstolic jpressure; and that an increaae ln the ratio of

brachial wall thickness tointernal .d nereasein’ "

the brachial wall mass (wall density times wall thicknéss),

and an  increase - ih ‘Young's modulus -(which indicates a {

decrease in arterial compliande) all increased me‘m}ez—

estimate of intra-arterial diastolic pressure. 'In addn—.xon,

the authors determxned that  there Sl i Bpe T cute size
beloy' ‘Which the Undizecs arar Undreansd, sit) sbiove: whieH< i ¢
thére was no nouceahxe effect upon the size of the indirect

It' is unfon.unar,e that a similar “matyematical mdel

is not available to determine factors affecting the acchracy

of .indirect systolic pressure measurements « " St s %

To' summarize

The anacrotic slope ‘of .the brachial

-
arterial pressure- wave as .constricted By Rodbard's method is
closely ‘related 'to the intralarterial pressure wave. How- |
ever, -there is evidence that it rises more gradually. than -

pressure, and underestimates systolic pressure. The extent

to which'systolic préssure is underestimated is related to.

the level of systolic pressure, but the  reason. for tnis is :
not certain. ‘ The extent - to . which 'di'aaf.n_uc pressure is
ovareatinanea was found- to increase’.where.Yourg's modulus,’
arterial wall mass, or .the ratio of wall thickness to

internal diametsr of the brachial artery were .increased, or
- » y
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p ‘where. the: Gize of’ the sp‘hy,qmal)lanmmet_riu cuff was less’ than

. msas\zrement .errors.

optunum E

T by . An ctningtion o the - vali,

comparing . it -m:h
measurements

,neeézding the ' Korotkoff sounds and  sphygmomanometer -

‘cuff pressures s, forné

sux‘

pick up' ‘thé sounds aﬁdxble

validated by -‘a c'om';iaxiéon

‘pressures measuied 'tzy'the

' These " device

10

dity ‘of Rodbard's .method by

uuueuunoxy arterial pressure

the basxs ‘ot automutic blood pres-

n\eaauremen‘t devlces‘ developed tc xaduce subjective

Vefe upuaily designed to

Ahrowah ‘a 'steéhos'cope, and ‘were

of the systolic and .diastolic

4 vxces uith those mQasu!ed by

auscuiéatioh.. -In‘valxdat‘nq these dev)ces, aspects . of-
Rodbard's© method were Lalso valldi!;ed.. hecauge. ! Rodbard's

metmd detexnunes ‘systolic pressurs (phase 15, ana d.tastolic

préssure’ (p‘haae Mk n the same way.

Cu_x‘zene, arownell, and, Aronow. (1957) found that. their

recqgrding device gave mean systolic pressured 2 mmHg higher

“and mean diagtolic pressures 4 mmHg'lower than auscultation.

These values were similar to those found by Zuidema,
Edelbérg, and Salzman (1956), Edinger and Spring (1963), and’
Mastropaolo et al (1964). )

The use of Korotkoff souids as.‘the Dasis of automatic
blood pressure measurement -devices-led 'to research into the
character of the Korotkoff sounds. ‘A review of this topic

was included ‘in a paper by Maurer.and Noordergraaf .(1976),

i
|

i
i
!
i
i
1
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- 60-180'cps. at. phiase I, and a decreabe in this ‘same VIAZG at

phase V. Goldeh et al (1974). found an increase in /

+40-60 cps at p'hasz V. ' Thebe differ in the freq

11

who -found 'three cna:écceristic_ frequency . changes - during
blood ‘pressure measgrement. At - phase T, theta Was dn
increase in amplitude in the r&g‘e‘uf 20-70 cps, at. phase IV
there ‘was a decrease  in amplittde in the rangé of | 60-300
cps, .and ‘at phase V there was a decrease in amplitude ii the
Farige of 40-300 cps. | Thess ‘disnges afe .sfmilar to thoss
reported ‘by HcCutcheon, , Baker, and Wiederhielm (1969) and l;y

Golden, ' Wolthuis, ‘HOffler; and Gowen (1974). McCutcheon. et

al (1969) found an, iricrease in ampu,tude in ‘the range  of

pLit

tude between 18-26 cps’ at phase I, ‘and’ a gecrease between '

Y
éompositiion of t‘he ‘Korotkhee sounds ‘were probahly aue, o

their variability ‘from subject to uub;ect and sound -recorder

"“to sound recorder. Differences within the same -subjects

from time to time have also, been foind: the amplitudes of

‘the ' nigher Sodspenclen webs Andiassed " th. Iptensity. By

exercise (Ware and, Anderson, 1966), .and decreased during
cardiovascular shockWhitcher: et al, 1967).

Whitcher, Smith, .Cole, Mantey, Weaver; Huntingdon; and

" pixon.(1967) found that in two rormal subjects '90.2% of the

energy.of the Korotkoff sounds was' below 32 cps and 688 Of

the energy wis below 8 cpi

This preponderance of inaudible
sound was even greater -in-. a. hypotersive . postoperative

patient,” where 99% of the energy of the Korotkoff sounds was

“
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_feliable. results were obtainéd'~ﬁ{1" phase IV.

: T 12

below § cps. Maurer and Noordergraaf (1976) found that fore
than 908 of thé energy of the Korotkoff Sounds was present
at frequencies less than 25 cps, and insisted that this low
frequency sound must be Ffiltered out if the emall :hanges
occurn.nq at Phases IV and V were to be détected. As’a
“result’ of their’ frequency. studies these authors, used, a

50-160 ‘cps ' filter in their automatic" redorder ‘to; vdetect

phases I, .1V, and ¥ of the Kcrctxuff sounds. .. With ‘thi
filter, ‘phase - 1 ‘was corréctly xdentified in 97% of. ;he

When ¢ with

anscultatory

. measurementu, phase V_in 94% ‘of u,e n\eaautaments, ana’ CHNEE

"IV in 55% of ‘the -measurements. The &riterion: Bk 4 correct

reading” was that - the discrepancy was 5 mmHg or 1¥ss.. . When

| the filter %as changed to 40-140 cps; agreemsnt between the.

macmne and the independent auscultatory measntements was

reduced. Phuse I was correctly identified in only '65%,0f

the’ measureménits, phase' V in 67% of the measurements, and no.
: ; ‘

To summarize: " Shtn automatic blood pressure measure-

. ment .devices and Rodbard's method “xely on the efficient

detection of those Korotkoff sounds which are -in the audible
range. . Detection was found to be most efficient ‘when' low

frequency sounds were £iltered out ‘with a.50-160 cps filter.’

systolic and"diastolic blood pressiires heasured with record-
ing devices were found to be closely corrg¥ated with

auscultatory . values . obtained ‘by trained = observers.
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proximal. flow meter slonal changed only slightly,:

: 13
Aé Rodbard's method determines phases I'and 'V in ‘the same

wdy as . auto blood

p devices, tne
Yalidation of these devices also validates Rodbard's method
as'a method for ‘determining blood prsgauz;'inai:ecuy.
c. ‘An examination uf the validity of Rodbard's method W
considering the ‘causes of the Korotkoff sounds
vA knwledge of the "causes of the Korotkuff *E,g;lnds is
essential 'to’ an understanding. of the nature of‘ the - slope

produced by Rodpard's method!

McCutcheon and” Rushmer (1967) isolated o

of the' Korotkoff sownds: . the’ first was a shdrp. tapping
noise ‘which was nonspecific and’ could be imitated by tapping
1:.'he skin of t'h; arm, and .the aecomi was a 1W—amplitude jet
noise or compresdion murmur which was pteaent thrcuqhout but
tanded to be masked until 'phase IV by the fll’Et ccmponent.
The authors used the onget of ‘the. first componeng»_ “to

i.dentify phase I (systolic E ), its ‘@i 0,

identify phase IV, and" a marked decrease -in. the second

conponerit, to identify phase V (disstolic pressure).

To. investigate ‘the causes of the Korotkoff ' sounds they

placed Doppler frow istatabevas tha Bachial artery .2 om

proximal to-:the sphygmomanometer :cuff and also unders the
Cuff. - They compared the output Of the flow meters with the
Korotkoff sounds producea’ dnring deflation of the. cuff. " The

but. the

Cuff £16w meter 'signal ‘changed markedly. < At phiase. T ‘the '




cuff flow meter produced a sharp spike which remained while

2 cuff pressure’ continued to fall, until- at. phase .IV

i % aisappeared. 1In.addition, as the cuff pressure ‘fell below

{ ‘systolic ' pressure the remaining portion of “the ocuff Flow

transmission time, it ‘resembled- the proximal flow meter

signal. Tall . signal ‘spikes from Doppler flow meters are

i 'produced by low veloeity ai splacrent of surfaces such 'as

arterial - walls .and  the “intervening! fascm. planes.  Tme

. appearance ‘of . the spike at phase I and its aisappearance at

i phase 1v colncided with the sppearance and disappearance of

authors concluded.that, the £ifst cohponent of the KOTOtkOff,

oy 27y the; firs €conponent 'of the - Kotctkoff sounds.  From' this the :
|

sounds is associated with sidden,  transient wall movements

produced. by the advancing: slope of the - Dlood velocity” wave .

On -the othdr Hand, Mastrnpaolu et al (1964), London and

London’ (.J_.BSH,- and Geddes. et al (1968). inasmich .as they

:  compared.the,slope produced Yy Rodbard's method: with intra-

. i _arte:ﬁl pressure measuremepts, would appear to have attrlb—

: ‘uted the production Of the f£irst componient of _the Korotkoff
sounds £ the" advinding slope. of the préssure pulse wave.

‘The Blood velocity wave, the pressure pulse wave, gn&

the diameter pulse wave 'are not the same (Dontas and Cottas)

i 1962; ~-Mills, Gabe, Gault, ' Mason,. ~Ross, Braunwald,

i ‘' shillingford,’ 1970; and McDonald,- 1974, pp 118-119). .The -

blood velocity wave is the pulse wave measured as blood flow

meter signal increaseéd until, allowing a slight delay for -
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in cm/sec, the pressure. pulse wave is the pulse wave

measured in mmHg, and. the diameter pulse wave is the . pulse -

i wave 'measured as the percentage incre\se of -arterial

diameter - (see Figure 2). .The Blood velocity Wwave arrives

¢ ' [ later :hén the pressure pulse wave, peaks before the pres-
{ sure pulse wave, and decreases while the pressure pulse wave
\- still. rising.. It is ‘unlikely tnat’ {he. blood veloeity

wave is. reproduced 'by:Rodbard's method, because the blood

velocity wave has. 'already peaked and is fallifig when the
;

pressure pulse wave is.still rising.' . However, pulsatile

changes in, the. diameter of ‘the- artery .could: prodice the

tx wall ‘mo by McCutcheon and. Rushmer

.(1967)l only minor dxfferencea exist b&tween‘ t'he pressure
se.wave and ‘the. dxameter pulse wave, At the d.tftezences
. ‘that do exist can readuy be, explﬂlned in ‘terms of hon-
‘linear elastiGity and viscosity (O'Rourke, 1971). -Rs intra-
arterial  pressure incredses the diameter ch;nqe ‘per. rumHg

+ \de‘creases (Steele, 1937; Cox, 1979), so’ that, deépending upom
the slastic propbiiies of the) arteries, wall movements would
b pected ‘to. Gecrease and -perhaps cease altogether -as

systolic pressure rises.

Jyeve with the pressure pulse wave -in the brachial artery of

i
{

the foot of the pressure pulse  wave arrived 10.4%¥12.7 '

msec later than:.the - foot .of the diamster ‘pulse wave,

although the pressure pulse wave increased more quickly than

pontas ‘and Cottas (1961) compared ‘the diameter' pulse .

young human sibjects; and “found “that mey were very. similars .
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" diameter

pulse
wave

8
increase) 0

7 0 400 - 1800

time (msec)

(1970, Fig 1)

R

Figure 2. Blood velocity.wave, pressure pulse wave, and

diameter pulse wave as they might look if they, were-
zecorded. simultaneously from the brachial artery ofa
man.aged ££L7-8ix years,

° 16.
*
I ' -
‘blood -\
velocity . .
wave Adapted_from
> {cm/sec) Mills et al
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the diameter pulsé wave. . If the Eirst’'component. of the

’Korotkoff sounds is ptuduced by wall noyements ‘caused-by_the

diimetgt pulse wave, ‘then' the sidpe produced by mabatd'é !
method is most Ligély that! of 'tne aiameter pulse wave rather

_._-than that of me presnure pulse wave.  If this conclugion is

correct, it explains why Geddes et al (1968) found that the
-

rate .of ‘pressure rise determined by Rodbard's Tethod ' was
slightly less than that detornined Eroh thetir xm:r azr_euak
recoras. . It also explains - why. thete was - a )ughly ugniﬂ—

cdnt correlation (¥ = .56, P<.002) between g.h_e Height of the -

1 systolic ssure ‘and the degree of accuracy .
involved in meau\;ring systclic pl‘essure by’ auseultatxcm or.".:

by\mdba:d's ‘method (Breit and.o' Rcutke. 1974; -see also van t oL

Bergen et a‘l\]wd Roman et al, "1965)% From the fore—

Sofng, i1t Would seem likely that th i\rsrcomponent of the

Kototkoff sounds lanlated vy Mecutchecn and I Rushmer, '(1967) %

15 assaciated with sudden, ‘transient wall. mov ments produced
not by the advancing siope of the bloo ity wave as the —

but rather by the diameter

authors tentatively' suggésted

~——pulse wave . ; + ’ "

The second component, ie; the. low amplitude jet noise

‘heard between phases IV and V,. is ‘probably produced a

aifferent mechanism because the amount [of ' displacement of
3 X i % i
the arterial’ wall by the cuff is minimal between p'haseﬂ— v

<. and V.  McCutchéon “and Ruuhmex‘ (1957) suggested’ that/ this

second component_is due to dxaturbances in the blood )as. it




£lows undér the cuff, and indeed Anliker and' Raman. (1966)

~~“~Found that.the mere preserice of! the cuff was responsible for

stage hecause it so destabilized: thé artery that previously

© ., inaudible ‘disturbances were, amplified into the audible

o

range. Thus it is possible that ' the low amplitude jet noise

is produced by ‘the sudden acceleration and deceleration of

i
!

the velocity ‘flow wave as it passes through the destabilized

I N “artery. Rad‘bard and Ssaiki' (1953), 'using. an 'éxperimental

‘model, reccrded the. audible vibrations of the 'sim\ii’hteﬂ
ax‘ten.al w&%ﬂ'ent fluid velocities and cutf pres

stires, .. and -éxplained | these -vibrations - in . terms. of

v -'. " ‘Bernoulli's pringiple: . when either lateral pressure  ‘or

.velocity increases the other must declire: by 'an equivalent

amount.’ To apply this to the actual arterial wall:  when

! : the velocity of blood flow 'increases, lateral ' presstre

Auireases i t_‘hat the arterial wall can be expected to move,

inwm:ds- and when_ velocity | of. _blood £low decxaueu, lateral

pressure increases so that the arterial wall. can be ‘eipected

" to move outwards. This-p a likely explanation of the
wall vibration caused by the sidden accaleratxon and
deceleration of the \velocxty f£1ov vave, and indeed Rodbard
-(1953)  and ARvodbard et al (1957). _while recoraing . the

Korotkoff sounds in huhan subjects, und a direct Telation-

4
L
{

-ship between blood £low’' and the duration and intensity of

the sdcond ¢ nt of the: sourds s, - flow

S .7 the audible natire of the aisturbances in the blood at, this,




to an - arm by . tightening 'a  tourniquet - distal

e 2 7 £ 19

T the

sphygnomancneter cuff.reduced the duration 'and intensity;

and increasing flow by producing a' reactive hyperemia in the

same ‘arm. increased the‘duration and intensity. "Rodbard ‘and

Margolia” (1956) faind 5 Slfect Selstonnis between cardiac
cycle lengths in the 400-600 msec range and \the duration and
ik Gty oF A ARSAE ScifRent of | the Korotkoff sounds.
Using a constant cu’ff'p}essure-of 100 mmHg; they, found t};ar.

__ssven  patients dhiods “lerdtug Spile lenqme' changed
'sponteneously Because of ~atrial fibrillation the duration

and intehaity wers ‘greatest.'yhen ,the previous oyele: lengthn

T werd longest, ‘and least when the pzevsous “gyele langthu were

,shoxces ‘It should. be noted | that the. above: changes in

eurafan ayele, length would be expectéd to ciange blood. tiow, |

apa’ thivs the flndings of Rodbara arid Mazqolia 11956 would
appear’ to  be compabible. with thoge | Of . Rodbard (1953) .and
Rodbard ‘et al (1957).‘ The chinges in' £low LS these three
‘papers- probably mvolved increaaes in bcth\the blood . veloc=
ity vave: and the d:.ameter pulsd wave, and it is unfortunate
‘that neither of these pilse waves was measured in any of the

papers.
. Mo~ ‘summarize:  Korotkoff sounds are: probably caused

. e ¥ - Y: 9 £90
by disturbances in the:blood itielf and by arterial wall
8 A . i e
novenents ‘produced by the \diameter pulse’wave, jhonlemindr
flow' in' the artéry, and |the interrelationship ~-of = the

“velocity f£low wave and lateral pressure. . i




is nuggeated that _m'.e' ﬁut component. of ~the
* Korotkoff ecunds,_ ;that heard between phasea I and w, is
produced By wall movements <caused by t.he diameter pu].ae
wave, .and that.t‘he slope constructed by* Rodbard.a‘.me;hoﬂ at
':hié'.tnge is that of the. diameter pulse wave:rather tham

“that of the pressire pulse wave. This would ‘explain. the

nighly sigmﬂeant correlation between the Ilevel. of mc;—q\'

artészal Bystulx.c— p!esanre and the ' size oﬁ the discrepancy

. bétween. the systolx.c pressure - values ' measured | intra-‘;

artenauy and’ those measured by maéultauon.

1t s  firther suggested that the second camponem of.

‘the Komtkoff sounds, that heard best Batween phase

v‘. is latgely produced. by 'wall movsmentu cdtysed by d-.e
suadén-scceleration and” deceleration. of "he  blood —velouty
wave, and that ‘the slope. conetru-:ted by Rodvard's method at
this stage: is that of fhe blood velocity wave. It was found
ik e mesl psiaante af’ the cuff was responsible for the
audible nature of the diaturbnnces in the blood or a.rterxal'

wall ‘at this stage, because it: go. destapilizea the artery

that prsv:.ously inaudible disturbances were an\ple).ad into

_the audlhle range.
If it is true that the Korotkoff sounds are produeed By

wall movements cauged by, the . diameter puise | wave and the

- velocity flow wave, vax‘;ations in the Korotkoff sounds, can

be expected to’ result from: variatxcns in the -txengt‘h of

thess two waves -Detween. au»lecta and  within the samé . .

5.
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subjects: from time to“time. Within the same subjects marked

. i “ N N
variations in frequencies and' intensities have been found to.

be associated with exercise and cardiovascilar  shock, and

marked yariations in interisity and duration have been found
aftér mgneeuvres expected “to modify blood flow under- the

sphygmomaicmeter 'cuff. Little investigation has been done

“into - the variations -in . frequencies, intensities, and

duration between subjects

even though such research might

yield information useful-to the clihician.
Because the diameter pulse wave is closely related to

the intra-arterial pressure pulse wave it will be assumed in

this thesis that t‘hs slope constructed by Rodpard's lethod

adequately approximates the anacrotic slcpe of the fntra-
arterial. pressure pulse wave.. This asgumption 16" appro~

priate’ to an epidemiokpgical sthay unere nost Of the

_domparisons = are ‘made with  auscultatéry and L not with

intra-arterial pressure measurements.

( : SECTION 2 g : ~

_Basically Rodbard's method provides -two pieces of

information. | The' first ‘of these is. OKD, Which' is a

numerical value for the time elapsing between the, @ ‘wave of

.the electrocardioqraph and the arfival. of the \foot of the

‘arterial. pressure pulse wave at the brachial artery under




) literature wiil ghen be examne\d to see the extent to which .

the cuff. The gecond and. more complex piece of information

is nsFHape of the amacrotic slope of the pressure pulse
wave; which -will be considered in Section 3 .after  the
factors affecting QKD have -been investigated.

QKD is a éx)mpl'ex”time ‘interval. It can be considered
as being made up of two componéncs‘ the. pre-ejection petiod
of the cardiac.cycle, and pulse’ wave tramsmission time, ie,
the time buken for t_he foot o the pressure pulse wave r.oi:)
travel from the ancendmg aorta the bracﬁiaf artery. - An
understanding of the pature of both: of f:jhersev components " is.
esseitial to a proper. understanding of the .nature.of KD,
Pre-ajéction period and pulss wave t%ansmi;sioxi‘ time- will be

considered separately, with particular reference to -the

. factors -affecting them and t}\eir‘usefulness‘as predictors of

cardiovascular Yisease. ‘The changes .in QKD reported in the

the factors which'affect its fwo componénts. also affect QKD,

and the extent to which QKD itself is useful as a predictor

4 v
of ‘cardiovascular disease.

a.’ The factors affacting pré-ejection period
. Pre-ejection period is also a 'composue of two time
intervalsi electromechanical -delay,, - and- isovolumetric .-
contraction time. = Eléctromechanical delay .is the time
elapsing 'bemee‘p the 0 wave of ‘the electrocardio raph and
the .onset éf mechanical contraction.. It includes the ti;ne'
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taken, for thé. ventriculai muscle to be completely dapt;laz—
ized and also the time taken for the myofibrils to stretch
the elastic comporients of the heart up to the point where
pressure begins to rise and the mitral valve closes:

Isovolugetric contraction time is the time taken to- raise

ventricular pressure from ventricular end-diastolic, pressure .

to, aortic diastolic.pressure. 'Most of the changes in pre-
€jection - period are due to changes ‘in ‘isovolumetiié¢ :con-
traction time (Metzger, Chough; Kroetz, and Leénard, 1970;

Martin, Shaver, Thompson, Reddy,’ and  Leonard, 1971;

‘McConahay, - Martin, .and - Cheitlin, - 1972; Spodick,, and

Quarry-Pigott, 1973). As Rodbard's.method does not disfin-
guish - between electromechanical.’ delay and “isgvolumetric
contraction time it' is necessary in this theésis to combine

these two intervals and treat pre-éjection period. as a umit.

An -indication of the duration -of pre-ejection period for' .

groups of normal subjects resting supine. is. provided by

Table 1. ES

1. cardiac contractility
. Cardiac contractility -is the chief factor. affecting
Ppre-ejection’ period.  Any factor which increases’ cardiac
contractilit} decreases pre-¢jection period, and ,vice‘vgzsn
(Tavel, 1978, pp 189-92). This was seen by, among others,
Martin et ‘al’ ;1'971), Talley et al (1971), and uccénahay et
al (1972), 'who used tHe rate of Tise of ventricular pressure
a8 their mesdure bf- cArdiac Gontrhctility.® ..Where cargiac¢

|
;.

i
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Table 1. The duration of pre-ejection period in seven
" groups of normal subjects at rest in the supine

ard  Number of '

‘14

16+

15
16

position.
; . - Pre-ejection- .
\ & 'Tf—'fod_ Stand:
| - Authors Tmsec)
¥ Harris et al, 1967 . "  -105
: Anfai et al, 1968 103
‘Fabian et al, 1972 «° - “100
Shaw et al, 1973 )
Spodick et al, 1973 ' 109 -
Cokkinos et al, 1976 07
Wikstrand et al, 1978 108

‘13

Deviation Subjects

49
‘10
50

10"
26
54

:
|
\
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‘contractility - is altered by factors which' influence or

imitate the . inotropic ‘action ‘of * the sympathetic' nervous

systan, presejection periedr s Ale0 altured, ol eraples
pre-ejection period - decreased 30 msec (P<.001]/ during
exe:cxse\(s;maick et al,” 1973; Van der: Hoeven, Clerens,
Donders; Beneken, and Vonk, 1977), decreased 30 " msec
(P€.001) with the administration of ‘epinephrine (Harris,
Schoenfeld, . and wei;aler, 1967), and ‘increased 10-24,msec
(P<.05). with the administration of the A-blocking drug,

propranolol (Harris' et al; 1967;  Roland, Safar, Lelguem,

. Aboras, Weiss, and’ Milliez, :1977), In addition, vhere

cardiac contractility is altered by factors which influence’

the myccardial metabolism ‘directly,  pre-ejection period is

also .altered. For—example: pre-ejection period was found

to be 25 msec fp<.ool) shorter in hyperthyroid subjects and
40 mgea (P<.005) longer in hypothyroid subjects than, it-was
in. the normal controls (Amidi,” Leon,-DeGroot, . Kroetz, and
Leonard, 1968). ; 5 )
et :
2. Ventricular End—d}aat}olic pressure gnd volume

The relationship - betwgen  pre-ejection ~ period "'amd
ventricular end-diastolic pressure and volume is not as
well’ establibhed -as -that between- pre-ejection pericd and
cardiac contrictility. .Within subjects with cardiac’ disease
a positive correlation may exist' as compared with healthy
subjects where the cerealusion a8 negative. ‘Talley . et al

(1971) found that. within dogs an inverse ‘relationship




26

existed  between. pre-ejection period 'and ventricular end-

diastolic pressure. Similarly Spodick .et al’ (1973) found
pre-ejection 'period -was - 109%16.Z msec in ten healthy

‘human ' 'subjects in the ‘supine position (where end-diastolic

" pressure and volume are maximum) and -127£17.7 . msec in

the  samé subjects in thé upright position (where end-

. diastolic pressure and volume’ are reduced). . The ‘probable

explanation of - this, inverse ' relationship is : that ' pre-

ejection period is ‘léngthened when -end-diastolic pressure

and volume are reduced .becaiise it takes longer for ' the

myofibrils to stretch the elastic.components of. the heart -

when they are under ‘reduced’ temsion. 'Quite the opposite
relaticns'hip‘ was  forind, by Garrard,. Weissler, and Dodge
(1970), who obtained a significaﬂt._po'éitive correlabion
(r.= .56, P<.001) between .pre-ejection period and. ventric-
ular end-diastoli¢ 'vblume in‘a group ef :sixty-eidht pa:ienA
with  a w:‘\d_’l variety of \cardiac conditions. * That the
relationship between pre-ejection pericd and end-diastolic '
pressure and volume in patients with cardiaé disease is
opposite to' that. found -in healthy gubje,&:q is probably due
to the relationship that exists between the degree of heart
failure and both the rate of ventriculdr pressure rise and

end-diastolic ‘volume.

3. - Diastolic pressure

A small’ but significant ‘relationship between pre—

" ejection’ period and aortic diastolic pressure was found in




»
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dogs, by Talley et al (1971) and in comparisons between.nine

hypertensive humpn- subjects ; with diastolic pressures of
'0-135 mmHg by Shaw, Rothbaum, Angell, and ‘shock (1973).
. However, no relationship was xgound in comparisons . between

normotensive human subjects with diastolic’ pressures of less |

thin 90 mmig (Montoye, Willis, Howard, and Keller, 197i;

Shay et al, 1973)

4." 'Heart ne'e " 3 b \

Heart rate has bedn . considersd, té  bé 'an ' imgortent L
factor affecting pre-ejection period, and - it has been
customary in co..;paxxsona bétween individuals to. correct .

* pre-ejection period for difﬁerencen in heart’ rate (Shaw. et i
al,’ 1973; Meng,- Hollander, Liebsen, Teran, Barresi, and |
Lurie, 1975; Ghose, Mitra, and Chhetri, 1976; Cokkinos, ~ ..
Theimonas, Demopoulos, Haralambak, Tsartsalis, and Gaidikas,

1976; .Sykes, Wright, Malins, and Pentecost, 1977). Usually

these corrections are based on' régression equations pub-.

lished by Weissler, Harris,. and Schoenfeld (1968). However.'

1

“Hlthough these authors provided significant (2% 005) tagrea-
sion’ equations for pre-ejection petxod ana’ other systolic
t15ié 'intervals, they. dld not give cprrelation coefficients
and:'so it is @ifficult-to estimate the amount of variation

"explained by heart rate. Weissler was one of three

co-authors ‘of a paper (Garrard et al, 1970) in  which
correlation coefficients as low as r = .31 were- reported to

T be ‘significant (P<.001). Correlations of r = .3 -are
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considered to explain. only .approximately nine: per .cent of

variation, and.therefore it is doubtful if the data: provided
by Weissler ‘et al (1968) ' Justify the corréciion of
pre-ejection.period for heart rate.’ i

An ‘indication “of ‘the ‘degree of correlation of pre-
ejection period and heart rate. in comparisons between

individuals at rest is provided.in.Tablé 2.. It is doubtful

whether these low levels of correlation justify the qprrec-

-tior of pre-ejection period for. differences in heart rate.

L Infuitively, 'pre-ejection. period amd heaft rate are
expected to be’ i:n\{eraely correlated because of the known
inotropic and ch;ro'nucropic_ effacts’ of ' the. sympathetic
nervous sysfem,” which are particularly evident w;:eq' sympa~
thetic‘ function has been: stimulated by. exercise or mimicked
b;( medication. Certainly, in comparisons within the same
individuals Van dér Hoeven et ‘al -(1977) obtained a ‘high
degree of [ A N T, pre-g¢jection pericd
and Hedltt: Pate wheh. dianges dn Heart Late were. pEodnced by

gradually, increasing exercise work loads. However, signifi-

cant, correlation of these two variables measured within the.
same individuals does not justify correction: of preejection
. period for heart rate.in’ comparisons between individuals.at
fest, because, as was pointed out by.Abboud (1979), activa-'

tion of sympathetic efferent activity in resting individuals.

is non-uniform.
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r = 5
.Talley et al (1971) suggested that correlation of pre- i
ejection pericd and heart rate.was due. to adrenergic stimu-
N b labion and ‘that changes in heart rate alone did not' result
‘in changes in pre-ejection periéd. - Harris et al_(1967),
Talley et al .(1971), and Cokkinos et al (1976) all. found

that changes in heart raté produced by administration ‘of

atropine or by atrial' pacing .did not result in changes 'in T

the pre-ejection period -even when heart rate was markedly

altered. 'Therefore it is likely that the level of correla- 2

|

|

4
. : . o
tion of pre-ejection period and heart rate that was found in :
: o v
*1, comparisons between individuals at rest (see Table 2, 'p 29)

{

+ was not caused by changés in heart rate but rather by sympa—

thetic activation above the basal level.. For example, the .

. \
low levels of correlation found by Montoye et al (1971),

Fabian, . Epstein; Coulshed (1972) and Shaw et al (1973)
probably resulted from sympathetic activation triggered, by
the unfamiliar ‘environment of the tests, fasting, ete, while
ithe higher -lével of Gorrelation found by, . Wikstrand,
‘ Berglund, Wilhelmsén, and Wallentin | (1978) in- his Thyper-
Vihithe “di “opponsd "o Wik mormoranedvesaubicts probably
xesulted from the high level of sympathetic activity that is
present in a small. proportion, of 'hypsn:ezxsi.ves.

Because the .levéls of correlation of pre-ejection
period and heart rate.in comparisons between ixﬁivi&uu;s at

rest are low and ‘because heart rate per .se- does not appear

t
o

to affect pre-ejection.period,  this-author is mot convinced




i
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* that the Aautomatic correction oW

heart rate is justified. o
< This ia in contrast ‘to- the automatic .correction of
another systolic time  interval, left vaqcricuxaz"éjecéion_
o time, for differences in heart tate. This correction can be
Justified Because: ¢
1) t'he‘ level .of  correlation :between left v_entricular
ejéction bime and heart rate in comparisons betiWeen individ- .
uals is high (eg, Wikstrand et al [1978] found a.correlation
of T = -.79; P<.001), .and ] :
2) " an explanation”of the underlying mechanism producing
this correlation has been provided by OfRourke (1870)) who

found that, because 'left ventricular ejection  time was'

' affected by the harmonic .cofiposition of the pulse wave (see

_this' thesis"pp 79-82) which in turn was affected -by heart
rate and/or ‘cardiac contractility, changes in heart ‘rate
alone, regardless of cause, are capable of producing changes

in left ventricular ejection time. .

5. Age and disesse ° ;o

“Pre-ejection period has been found to change with age:

It increases markedly . in chil/?ﬂ) to age' fifteen
.. (Spitaels, Arbogast, Fouron, and-Bavignon, 1974); and small

increases Of 4 msec per decade were found in adults up to
age .sixty, ‘after which it was found. to.decrease (Simonson

and’ Nakagawa, 1960; Montoye et al, 1971; -Shaw et al, 1973).°

|




thlrty-exght years.

14

Van der Hoeven ‘et al (1977) found that pre-ejection gerica

was §msec longer for a group of subjects aged forty-one to

!1xty—sxx years than it was for a group aged twenty-one to
PR S syémﬁic time intervals, significant .
correlations have been, found between pre-ejection period and
certain 1nvasx.ve1y measured . indices of cardiac function,.'eg,
cardiac index, ' stroke in'dex. venous pressure', .and total*
peripheral resistance (Weissier' et al, ''1968; Weissler;
Harris, and schoenfeld, 1969; Garrard et al,'1976; Martin et
al, “1971; McDonald and Hobson, -1974; Meng et”al, 1975).:
However the d).scn.nu.natory value. of systo\lic time intervals .
to"detect cardiac impaxrment is poor. because their Sensi-
tivity and specificity are too low (McConahay et al) 1972;
Parker and Just, 19743 Wikstrand et al, 1978).° Tavel (1978,
PP 201-02), while agreeing in the main with the findings  of

these "last  authots, ‘nevex‘theles'sr found- that pre-ejection

periods longar than 120 msec” in comb).nat).on with values - of

0.5 or more for ‘the, Yatio Of pre-ejaciion’parted o left
ventricular . ejection time were  associated with profound

myocardial ' disease and thus: were useéful in assessing the

' value of ‘surgery for patients - with mitral regurgitation.

Benchimol (1977, p'367). attached very little importance to

the measurement .. of systolic -time “intervals, especially

as a noninvasive technique available to

pre-ejection period

the cardiologist. However, he did conclude that the ratio

v
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; : of pre-ejection 'period to  left  ventricular ejection time

appeared ‘to be correlated with the\\deqree 0 which ‘stroke
volume or left ventriculbr function \vas' impaired. -Thus it
would appear that. pre-ejection period alones althoughsit is
prolonged -in profound n.yécaraial dise\§;e, lacks the sensi-
- . - tivity and specificity fequired. to be \\xsefux s a Whresning
measwrément for cardiovascular disease.| . ) .

To summarize: ~ The pre-ejection  period’’comgonent \of
. QKD is affected by cardiac’ contractility} with wiich it is
{ 7 & filoh

inversely correlated. 'Cardiac contractilify may be altered -

indirectly by factors -(such as exercieé and. proprahoiol)

iy which “affect . the:.ipotropic activity 'of the sympathetic

‘nervous e, o airectly by factors. (such as _éh}e thyroid -

‘ hormones) ‘which affect. the myocardial cells, Pre-ejection

| period is- also 'influenced by ‘ventricular end-Aiastolic

oy which may be altered by a’change of body: position or

H by cardiovascular didease. p:g—ejaceim period 'is affected
by aortic diastolic.pressure, as was seen in animal experi-
" ménts and‘in'a small group Of hypertensiVe human subjects.

A _Pre-ejection gez'iod doas ot appear 'to be .affected by

heart rate when cardiac contractility is unchariged, and: the

heart rate in comparisons between resting individuals rfelies

upon. the correlation of the inctropic and .the’ chronotropic

“low' level of .correlation between pre-ejection period and




. profdund ‘myocardial -disease,

‘velocity_and arterial 1;ngth

effects of . the sympathetic nervous o e v 1e°
ati‘mulated above its basal -level. B ¥ ; ;
Pre-ejection petiod lagresses’ mickedly, in children v
to'age fifteen years, and more grad%lly in adul'tu up t5-age-
sixty years, .after which it decreases.
While ‘pretéjection’ period ia correlated wi.t'h invagively’
meagured indices - of - cardiac’ ‘function and is' prolonged ‘in
it lacks the required sensi~
tivity and specificity to be useful as @ hool to sciger{f

popul}t‘ions for cardiovascalar disease. .

The factors n!.!-cting pulse nv. trnnlnillion time

b.

X
Pulte ave transmission time’ depends upon pulu wave

(the aistance ‘travelled: by
the pressiire. pulse from the aortic valves: to the brachial
artery under the cuff). e

wave ‘velocity - . 2 4 4 e B

.Pulse wave velocity can ‘be .estimited by the ‘Moens-

‘Ketf:ewag equation: * ¢ = (ER/2Rp)1/2 where ‘e ‘is -.pulse;

wave. velodity, E.is 'young'a ‘modulus for the artery;:h is’

its wall t‘hickneas. R is’'its 1nternal .radius; and,o is the

density of the blood (Mcnopald. 1974, pp 253-55). ' This

equation ‘indicates the' factors which have the ‘potential to

"mﬂuence pulse wave yeloéity.‘ ‘Young's modulus, the  ratio

of ' the thickneas of the a:terlal wall to th internal

diameter, .and blood dznuity. :
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It is to be noted that neither blood £low velocity nor 5
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1
heart Tate are i? this list. In theory, blood' flow vélocity - . }
should be added to the Moens=Korteweg équation because this |
g equation ‘was desigried.to apply to'a statid fluid only. |
Howeyer, xn fact, mean blood flo'w velocity is ~small

(0.15-0. 25 m/sgc) when compared vith mean pulse wave veloc- .

1ty (4.0- 8.0 m/sec) . and’ so it is yenerally ignored as-d:

‘factor' affectiny ‘pulse ‘wave .velocity (McDonald, 1974,

PP 404-06). 'nea'r: rate, Whigh was not included in- the °
'+ . Moers-Korteweg equation, has besn considered to be a -
e © pgssible factor affecting pulse vave velocity, ‘but it has’
« ¢ ." been.determined. experimentally that it has no influence

' (Anliker, Histand, and Ogden, ‘1968; Bliakim, Sapoznikov, and - *

“Weinnan, 1971); o gt d

Bluod density, althnugh it is represented in the Moens~
° Korteweg equation. can, be/ duregarded as a factor p:oducmg

1oe variation' in pllse “wave! vqlnclty, Because™ it’ remains' o' 7 -

: . constant in vivo. Van Slyke, Phillipé, Dole, Hamilton,
e acchibald, and Plazin (1950) found that for 3 group “of .
| : twenty normal men, . the' mean ;peclnc gravity of whole b}.gnd

and,

‘] ;i [ -was 1.0595%0, 0021 ani! the, range was 1.0568-1. oess

that. even for a group -of Eorcy-sevan hospital patients

* * including : fourteen with Hematoerits of less than 30% (a
condition uaociatéa with low specxﬂc' gravity of the

E blood], the xange of specific.gravity was. 1.0289°1.0640. . If
all the other facturs in the Mo&ns-l(orteweg equétion ‘remain .
conatant, ‘the change in pulse wave velocity, using .the most

ﬁ.% SRR




? velomty tg' be sxgnlficant. t

extreme range of sye;:ific gravity given by Van Slyke et al

(1950) ; would be only 0.15 m/sec . £ T‘hi.s is too small in
B -

S
comparison with the level’ of variation in -pulse wave

Thus; in wivo, Young's mdulns and ‘the «ratio of. tne
thickness of “the an—.snal e to its interhal! alaneter

Al
remain the ‘two factors of the HMoeng-Korteweg equation which

frave the‘ potent: al to mfl&gnce pulse wave veloclty. How-

ever, both these factora are themselyes lnflueﬂced by the

location of the artery,. the age of thé “subject, ‘intrin

arterial pressure,. smooth muecle tone, - and ar\:erial disease. .

Because this thesis 1s _more. concerned with Y_’hks latter ‘set

considéred ‘geriatim.. Where appropriate; reference will be

made’ fo Young's modulus and the ratio of -arterial wall

‘thickness to its internal diameter. - *

Location of ‘the artery - . i
Pulse wave velocity déepends upon the. location of the
artery, over whmh it ds tzaveui{g. One i-eason«for this

mcdulus of the arterial wall ificreases with

is that Young's
aistance from the heart'!(McDonald, 1974, p 277) because of

changes in arterial. composxtxon lie the relative amounts of

elastin, collagen, “and amaoth ‘muscle [McDonald, : 1974, pp

262-2661), and arterial structn:e (ie the propcrcioﬁ of

collagen fibres actually supporting wall stress at a given

of factors, their effect on pulse wave veloclty Will. now e
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premearalICAEE1TaN) IAacEnE PeRESR G TLHe e Val5h-
ity. * depends. upbx; the location of the artery is ‘that the
ratio of the thickndss of the artérial wall to its internal
diameter would appear also to Incréise with ‘distance from
the heart (L‘ea'rcyd and Taylor, '1966). )

As.'is to be expected from the mczease in Young's
modu};s and ‘the ratio of.the uuckness of the arterial wall

to its internal diameter, pulse wave velocity alsc increases,

. Wwith distance from the  ‘heart. This can be seen' in
: : - ; : .
Table 3.

ii. “Age

The-‘subject s - age was found to be the most important
‘factor af‘feccing' pulse wvave velocity in human’ subjects
(Haynes, Ellis,. and Weiss, '1936; Steele; 1937; Simonson and
‘Nakagawa, 1960; Schimmler, 1966; Eliakin et-al, 1971; Deila -
‘Corte, Loc:hi,. Spinelli, and:‘Scarpelli, 19‘79,- ‘Hasegawa and
Rodbard, 1979). Pulse wave veloclty incteases §.28-0.72

m/sec “for each ten 'years of age ber_ween memy and sxxty

yearq, and . 0.8-0.9 m/sec after fifty-five years (Della Corte -
! : B . 5y

et al, 1979).

"This inérease in pulse wave velocity with' age is. caused
"By - ‘the parallel”increase with age of Young's modulys Of the-
arteries; intra-arterial pressure, and the ratio of the,

thickness of the arterial wall to its internal diameter.

_'The most 'important of these is .the increase of Young's,
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pable 3. Pulse-wave velocity values <for several canine’ and
- hutian arteries ‘determined by a variety-of authors.

Authors

alues
McDonald, 1968

Human Values . -
*Learoyd and Taylor; 1966
*Learoyd and Taylor, 1966

De Monchy .and Van_der

- Hoeven, 1976

*Bramwell et.al, 1923
*Learcyd and Taylor, 1966
*Kapal et al, 1951
"Leax‘oyd and, Taylor, 1968

MULTIPLE ARTERIES
Human Values
*Fulton,and Mcswiney, 1930

Arteries Involved

Thoracic: Aorta
Abdominal Aorta.
Carotid

Iliac

Femoral

Tibial .

“Thoracic Aorta
: Abdominal Aorta

Carot:\.d

Carotid to. Brachi‘al )

‘Hickson and MeSwiney, 1925 Carotid to Radxal

*Hemingway et al, 1928

*Hallock, 1934

*Wezlex ‘and’ Boger,: 1936
Woolam-et.al, 1962 -
Ginn et al, 1965

De Monchy and Van der
Hoeven, 1376 . 3

*Bazett and Dryer, 1922

. *Fulton and McSwiney, 1930

Kroeker and Wood; 1955
Simonson and Nakagawa,
1960 . -

*Bazett and Dryer, 1922 & |

*Bazett ‘et al, 1935

- cachovan et: al, 1968

. Eliakim et al, 1971

* De, Morichy and Van der
Hoeven, 1976

Axillary to Radial
Brachial to Radial

Aortic to Femoral

Femoral .to Dorsal-

pedis

"l

Note: Pulse wave values obtained by ‘authors marked with an

. asterisk are. reproduced from a table
McDonald (1974, p 418) and they are not included in -
the list of references accompanying. this thesis.

collated by '
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modulus with age. “sadeg (1967) found that Yo‘ung's modulus
was four times greater in a group of subjects .aged eighty-
five years then it was'in a group aged twenty years. As can
be “seén from the Moens-Korteweg equatiom, ' if all’ other
factors. remain 'constant a four-fold increase in  Young's
modul\ls would double pulse ‘wave “velocity.

The second reason' for the increase’ of ‘pulse . wave

veldcity ‘with age is the increase in. intra‘arterial’ pressure

| . with age. Della’ Corte et. al (1979), using ' multiple
regression analysis, found that the corrélation 'of the
bincrease of pulse wave Vvelocity with the increass".‘v;f age .was
r = .691 (P<.001) while the correlation. of'the ihicrease of

pulse wave velocity with the . increase of intra—arterial

~ °  pressure was' r = .392 (P<.0l). ‘. Pulse wave. -velocity
] i ;
increased 0.59510.037, m/sec .for  each ten yems -of age,
and 0.177%0.059 m/sec for,each 10 muig. 3 AN
!

The third reason for (:he :mcrease of pulse wave veloc-

: ity with age'is the inc}raase with age of the _ratio of the
' thicknéss ‘of the. arterialk wall to ‘its internal  diameter.
Learoyd "and'Taylor (1966) found tflat this ratio, was twice as
great in ‘the arterles ‘of ‘a_group Jof :subjects aged thirty-six
‘to fifty-two years as it was ‘in the ar,x:egiea of a’group. aged
i eleven to twenty years..' As can. be seen f’x"ol:u e Roatee
Kor;:eweg equation, if . all ’ot'he‘r factors . remain constant a

two-£01d - increase of the  ratioof the thickness of -the
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arterial wall to its internal diameter would increase pulse

‘wave velocity by forty percent.

iii. Intra-arterial pressure i o
Pulse . wave veldcity increases with rising intra-
arterial pressure, .because, as was reported by McDonald

{1974, p 268),~rising intra-arterial pressure  produces an

: -
e

increase in Young's modulus.: - However, rising intra-arterial. : .

]

%

L also” & in  the ratio of .the a

‘thickness Of the. arterial wall fo its internal -diameter’ 1
(Learvya and Taylor, 1966; Folkow, 1978a),  which tends to
Grposs e/ incEekse il PHls Tiive.eLGolE; Savied: Y W

increase in Young's modulps. . X |
The - four components ‘of intra-arterial pressure

. (systolic pressure, diastolic pressure, pulse pressure, and

' ¥ mean’ arterial Pressure) have -all’ been tested to determine

their effect upon pulse wave -velocity. Steele (1937) estab-

lished that diastolic preéssure was the only component' of

B

intra-arterial pressure which affected pulse wave velocity.

i ' " In ,canine experiments he altered systolic pressure and

diastolic - pressire ir{depéndénexy by opening arterio-venous
shunts; by clamping the aorta, and finally by cutting the .

tic 'v‘a}ve. By these procedures he showed that within the

55 3 indiyidual - dogs pulse wave velocity was ‘affected by

" alaathiie ” pressure,and not’ by systolic. pressire, -pulse

. pressure, or mean arterial pressure, 'Steele (1937); Kraner,
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P - '
Ogden; .and McPherson (1959); Woolam, - Schnur, Vallbona, and

Hoff (1962) and Hasegawa and Rodbard '(1979) found that,

within human subjects also diastolid . pressure was i;np%;r_ant
in determining pulse wave velocity.

" Many authors,/ however, regard mean arterial pressure as
the aspect of iftra-arterial pressure’which, determines pulse
wave vélocity within .individual-subjects (Cachovan, Linhart,
and Prerovsky, 1968; Brew ond Fitzgerald, 1976; Steptoe,
Smulyan, and Gribbin, 1976; Délla Corte et.al, 1979). This
abparsht: lbrgece b opinlén’ can be reconciled by bearing
in mind that mesn arterial pressure is based largely on
atesesiie Fhdseutes G 4% iy calculated as kg
di'astolic pressure.’plus one third of the pilse pressure,

which itself is currelated with diantolic pressure.

However, when cm\parxucnl are made between individiials

the relationship between diastolic pressure aid pulse wave

velocity is confoundeﬂ. For example, Simonson et al- (1955)

obtained_ a significant cerrelatlon betveen individuals only’

in' their hypertensive group (P<.05) and'mot in their sotuo-

tensive group (see: also Steele, 1937). ~ The confounding of

the relationship between diastolic pressure and pulse ‘wave

velocity is probably. due.to differénces in arterial ‘proper-.

t:.es between individuals. Such differencés were . found ' to
exist with respect to Young's' modulus (Learoyd and _Taylor,

1966) and -the ratio of the thickness Of the arterlal wall to

< its internal dlameter (ch, 1979). For example, the latter

% s

a
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author found that when intra-arterial pressure was: 100 mmHg

the wall thicknéss of the carotid arteries was 45% .larger
and thé internal diameter was 11.5% smaller in.a group  of

ten-veek-old spontaneously hypertensive rats than they were

. in a group of ten—week—old Wistar rats. That Steele (1937)

and Simonson, Koff, Keys, and Minckler (1955) obtained &

correlation between diastolié pressure’ and pulse wave veloc-

ity between individuals in their hypertensive groups and | nét

" between individuals in their normocensive gEoups is probably B

to. be explained by the ‘Fact. that ' the range of \ diastolic

pressure was greater anoig the hypertensives, and  the fact

that, as was -found by Learoyd md Taylor (19;6) and Brew and'-

Fitzgerald (1976), Young's mdulua mcreases exponenuany

as a.fanction' of preuure and - therefore the increase in

pulse wave velpcity for a unit increase in presaure is

greater- in the hypertenuves.

‘iv. Smooth muscle tone .- -

McDonald (1974, .pp 406-07) found that in the’ canine

‘aorta, pulse wave velocity:dincreased- when. smooth muscie

tone was increased by the infusion Of ror&pinephrine, ~and _

intra-arterial pressure was kept constant. . This increase. in
pulse ads yelidey e whst dw o iy wibected | beoateé
\.’oung's modulus of smooth muscle increases with contraction
£rom, 0.0, ayne/em? - to 3.0 X' 108 gye/cm? (McDonald,
1974, p 264), and because the ratio of the “thickness of the
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i ’ B 5 ' e
arterial wall to its internal diameter also increases with
contraction (Folkow, 1978).

The extent of the'change in pulse’ wave velocity which
results from a change in smooth ‘muscle tone can only be

guessed at, because there is.no suitable method of measuring

&mooth muscle tone.” However, some idea of the magnitude of

the change in pulse wave velocity résulting’ from a change in
smooth muscle - tone can perhaps be gained. £rom Krosker and
‘Wood (1955): - The unekpected ~decrease in' human brachi1ds
radial pulse wave veloelty: (from 12.5° n/sec to 11.0 n/sec)
which these .authors..found vhen ' diastolic pressure was

J.ncreased aftax’ exercise, may be attributed to a decxease in

smooth- muscle .tone. The unexpected anrease " (£rom-12.5

m/sec to 14.1 m/sec) which they found when diastolic pres-
sure was »mqr_eased hy only 2 nmHg du_nng ‘a seventy degree
head-up- tilt,. may, be attributed .toan increase in $mooth
muscle ‘tone. Paad 7 )
v. - Disease i

. Pulse wave vexo;ity was found to be a pooi indicator of
vcardmvascular duease (Hayneu et al, 1956- Euakim et a),
1971). While -it was found.to"be :increased in hypertens:.on
(Haynes ‘et al, :1936; Steele, 1937; Simonson et al,.1955:
Cachovan et ‘al, 1968), Steele (1937) _found no’ gifference
after correcting for age .and diastolid .pressiire, and McLeah,

ClaeonJ and Stohqhtcn‘(1§64) and Eliakim et al (1971) found
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no significant” increase. in pulse wave velocity in
hypertensive subjects under sixty yeax;s of age.

Pulse wave velocity was found +to: be ‘consistently
decreased in patients havmg advanced peripheral vascular
disease, ' but no consistent change WBS found ' with. il‘terl—
“osclerosis (simonson et al, 1955; Eliakim et al, 1971, &ven
when calcification was clearly  ssen "iff X-ray ‘pictures

(Haynes et al, 1936).

In view of the lack 'Of -a .consistent relationship
between pulse wave velocity and disease, it is unlikely that

pulse wave velocity will be a usefil screening measurement

_for cardiovascular.disease with. the .possible :exception of

advanced peripheral vascular: disease.

2. ' Arterial length .
‘Arterial length has ‘the potential to be' an important
factor |'where comparisons are . made' between . individuals,

especialiy where significant differences.in body size are

.present:” Although arterial length in c¢hildrén has been’

found to be-highly correlated both with pulse wave -trans-
mission time' (r '= .97: DeMonchy 'and Van der Hoeven; 1976)
andwith QD (1 = .86; éereu, Haupt Johnsonbaugh, and,
Rodbard, 1979), this vuriabla has been ignored as. a_factor
affecting ‘the “‘pulsé wave transmission t\ime \component. of QKD
in’adultel B B
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To summarize: = Brachial pulse wave traismiasion time
‘depends upon: pulse wave velocity and the length of tne
arterial sagment travelled by the pressufe pulse wave.

Pulse wave velocity is-affected most.by changes -in
Young's: modulus and the ratio of :the -thickness . of | the
arterial wall to its internal diameter; which  are both
influenced, “in turn, by location of (;he artery, age Of the
subject, intra‘arterial pressure, smocth muscle tone, and

arterial “disease. ' The effect upon pulse wave ‘velocity. of

the density and the mean velocity of ‘flow, of blood is small”

enough to be ignored, and heart rate has ‘no effect upon .

pulse wavé velocity.

Pulse wave velocity

1) - .increases with distance from the heart and with age,

because Young's modulus and the ratio of . the. 'thickness of
the ‘arterial wall’ to ita internﬁl d&a‘neter incraase with

aistance from the heart and with' ages

2) i with rising in terial diastolic pressire

‘because rising-'diastolic pressure produces an increase  in

" Young's modulus. The increase in pulse wave velocity is

somewhat less thari would be. expected. from the- increase ;in
Young's modulus because rising 'diastolic pressure decreases
the ratio of the' thickness of the. arterial wall .to its

internal diameter. When comparisons are made between

. individuals the' correlation .of pulse wave velocity: -and

24
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diastolic pressure is cpnfounded by the differences whic

1 " i i
exist. betveen individuals wi respect ‘to. Young's modulus
and the ratio of the thilcifiess of the arterial wall to its

internal diameter;

3) i with

in smooth muscle tone
because the contractjon of smooth muscle increasés Young's

modulus. aid. the G0 of ‘the thickness of -the arterial wvall

; to its 1nternal diameter;

4) decreases with advanced peripheral vasculat disease.

“(No connutent change dn’ pifse wave velogity has been found

to be. asaacxated with hy ension. or arterios Tarmis when
pulse ‘wave vex'ocit‘y is first -corrected for -the age'ana

diastolic pressire of the: uubject )

Although significant correlation between brachial pulse wave
transmission time and arterial length has been -found in
comparifons between children, -‘arterial length has’ been’

ignored. as a' factor,influencing, the ‘pulse wave transmission

& . 3
time component of QKD in “comparisons.'betveen adults.

c. " The factors affecting QKD

It is often difficult to identify the factors affecting

QKD in a' given 'experimental. procedufe, because the two

components of QKD, pre-ejection .period and pulse. wave trans-
mission time, can shorten.or lengthen independently,. and

because often. more than one . factor' is involved.  Factors




* affecting’‘these two components, .and the ‘nature of . the

responses, are summarized in Table 4% 5

The difficulty of identifying the factors affecting QKD

in a given.experimental -procedure is exacerbated by the’ fact

¢ jehat infomistion-reiuired for this purpose is ot present iy

mich of the Titeraturs. - In addition to’the- understandable

- abaence nf mm\erical values for mrdi.ac cont:al:ti.lir.y, end-—

diastolic volume, .and" smooth muscie tone . “evei dxaatolic

préssures are. often ouitted, and. in the . earl).er papers - “there

sta lack.of even the most rudiientary statigtical analysis

In spite of all these dxffi‘cuxiies', an 'attempt has been made
t6 identify and evalmte the relative importance :of the

factors most %y to be' responsible. foi thé enange. in QKD "

'repurted in'. the “literature and to qlassxfy t'hevpaEers

accordingly. 5

1. comparisons Vithia e 1ndividual
1 znd-ammnc volune and diastolic pressure

Both end-diastolic volume' and diastolic pressuré are

.probaply important factors in the-changes in QKD. reported

By Rodbard and Margolis (1956). This paper, which is con-

cerneéd with the relationship Between ‘QKD-and .cardiac cycle

length' in- seven pah.ents vhose cardiac  cycles  changed

‘spontaneously " because. of ‘atrial fibrillation, .provides a

good. example of ‘the difficulties encoum.ered in. attempting’

to identify and evaluaté the relative importance of " r_he
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' épmgansons within the individual

. (after assuning ho:izontal o d
Pohi_ti n)’ 3 4 ee »

Incx‘eaued age <15 yaars

" N.B.

1able 4.

Factor Producxng

Factors affecting the two components of QKD (ie

pre-éjection period and pulse wave transmission *

time)  with ‘an indlcatlon of, the size ami ‘direction

of the responises.
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, . Pre-ejection

Period

Pulse Wave' ~
‘Transmission

mgec

[ /ncreased didstolic pressure

" epinephrine)

" Increased !mnot‘h muscle tane .0

- the Change msec

Increased end-diastolic volume

-

xncreased cardiad-contract- . S STEO P,
ility (after axe:cise or K . g

Decreaued Cutdiac contnct-
um, (after propranolol)

ComEariﬂanB between individual

Increased arterial lengt‘h (body
height T

- 30-55 years.

>56 years . .
Hyperthyroidism S « P
‘iypothyroidisn ‘ S ; ;
profound myocardial digesse’; ++

Advanced peripheral. vancular el

disease - ]

symbols' indicate the sizé of .the respons
sections ITa and IIb. Of this
+ <15 msec increase
16-24 msec increase
* . 4+ = >26 msec increase..
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‘factors responsible for the  changes in QKD x‘upox‘ted in the

" literature. ' The authors found that ko whs ‘Telated to the

length of  the preceding caraiac cyéle, being lohigest (240

muec) for the shortest cycles that allowed measurement Gf

-QKD, 'and - shortest (140 - mséc)’ for the longest cycles.

Ung , although diastolic pressure 'is known to

v.t\luctuar.e markedly in 'atnal f'u?rnlation.’ the 20 mmHg

fluctuations presented in Graphs for only four. of the seven
patients were ‘the only measurements of changes in diastolic

pressure . available in the p'aper. Consequently, ' it is

diffiCult. to evaluate, for example, ‘the relative importance

. of dLaatolic pressure and end-diastolic -volume as factors

causing the increase in QKD as cardiac cycle length
Aecreases. (In atrial fibrillation diustolic praasura and
end—diautclxc Volume are both  reduced where r:ardiac cycle
lengﬂ:x is shozt). Using infomat{on Bupplied by Steele
(1937), Steptoe et.al  (1976), i Hasegawa an I;odbard

(1979), it is posaibl.s to estimate that a 20 mmig £luctua~

tion in diastolic ‘pressure produces a change in pulse wave
oH v X .

velocity of 1-2 m/‘.ec and thus a change of 10-20 msec in the
pulse wave transmission time component of QKD: This 10-20

msec interval will affect.the length of the ensuing QKD. -To.

. obtain the amount of fluctuation in the pre-ejection period

component.. of QK . which ruults from. a fluctxiatlon’ in

" end-diastolic volume it ‘is negessary to éorrect QKD for the

dlaatolic pressure pzevauan at ‘the time the QKD was
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determined. This is impossible from the data presénted in
the paper because no diastglic’ pressure measurements were
given for the oxn'va}ue's provided. However, the 1uéiq msec
change ‘in pulse wave transmission . time ca1cula£aq by the
pzes_gn:'auchc'r £rom. the 20 mmHg #luctuatjons: in diastolic
p:ess;urg kpresenrted n the graphs are small compared to the
10b. msec Fluctuation in. GKD. reported -in~ the paper, which

I T »
would suggest -that in .atrial fibrillatidn changes in the

pre-ejection . period due to £l iohs  in.
end-diastolic volume have a much greater inflience on QKD

than do the chanqeu in. the ; pulgs wave transmission tine

coxﬂponent' Que o the 20, mmHg fluctuations ‘in diastolic
)\nother =xpe:imental mﬂpl where end-diastolic’ volume

may be the chief factor Cokponainte How EHe dasge Th TS fe

one’ in ‘which the subject is tilted frqm a supine to a stand-

ing position. End-dia%;m’uc volume is-normally maximum ‘when

_the 1ndxvx.dual is resting supine and reduced when he’ is

resting in the upright position.: Kroeker and Wood (1955)°

ufed the R wave of the electracardioqrap‘h record for their

reference ‘point; and so their values are smal).er “than QKD by

‘an amount equal to the QR imterval. They obtaifed RKD

values of 147 msec for subjects. in the supine.position and
165 msec -after tilting them to a-70 degree head-up position.

A’ change. in pulse wave transmission time can be eliminated
, } 0

“as. a factor responsible for the change 'in RKD, because the
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Suthors simultaneously measured pulse vave transmission time

*groi the aorta to the brachial artery with intra-arterial |

catheters and found that it deéreased’ by only.2 msec (which
is' clearly too small to be siqnificant). Thus ‘theincrease,

on tilting, of 18 msec in RKD. was most probably due to an

increase in ‘the pze—eje

decrease in end-diastolic vomme, Unfortunately, no statiss

tical analysis wds presented 'bryvthe ‘authors, and:sb this ‘18

msec change may not be sighificant. However, a similar
increaae on tilting was :'ound by MEyahara and: Rodbard
(1951). ‘and Haseqawa End\ !\odbard (1979). Miyahara- and
Rodbard (1961) found t'hat QKD was 201 msec for subjects in

the supine position and 230 msec after tilting them 5 a 75

degree head-up ‘position..: Again, this 29 mees incréase in

QKD was most probably due tb a decrease in end-diastolic

volure and ‘its effect upon the pre-ejection period component -

of QKD.  Support for this theory is to be found in the

£ollowing:

1) . When an anti-gravity G-suit was inflated prior to ‘the

tilt, there was no increase in QKD with tilting. This ia to

be expected because - the decrease .in en&—diastolic volume
resyiting from thé normal redistribution of blood away’, from
the heart would be prevented by "the positive pressure of the

sult upon: the abdomen and legs.: (When the aii. pressure in

the G-suit was lowered to atmospheric levels, .QKD. again:

increased. ) " 5

1un‘per:.ud component caused by t\mﬂ
1
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. : g 2
2) patients with. previous . of. present congestive heart
failure did not show-the expected, increase in QKD on tilt-
ing. Again this is to be expected because such patients,

having chronically high 'vendus pressure ‘and - increased

- end-diastoiic volume, may be ‘unable to show the expected
'decrease  in-end-diastolic volume and the resulting increase

in QKD.. Changes. in ‘diastolic pressure and smooth muscle

‘tone can’both be eliminated, as -factors responsible for the
29. mséc increase: in QKD .on tilting shown .by ' the —normal
subjects, because -both would Be expected -to cause; if ‘any=

thing, a’ decredse in QKD on tilting.  Hasegawa and ‘Rodbard

(1979)" obtained, a 16 msec (P<.05) incréase.in'QKD when their.

subjects. were tilted to a 90 degree’ head-up position.
Agdin, . end-diastolicfvolume would appear to be the .most

likely factor- responsible for the increase in QKD, because

the 6.4 mmHg (P<.05) increase in diastolic pressure on tilt- *

ing reported by the authors would be expected to ‘cause a

decrease, and not an increase; in.QKD.

ii. Cardiac contractility

Although end-diastolic volume was probably the most

important factor in the changes in QKD in the atrial

f£ibrillation and posb’ral studies, it is unlikely to be

important in theé folloWing studies wheré all .the measure- -

ments - were. made in. the supine. position .at physiological

heart 'rates.. This is because end-diastolic volume is

5
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maximun i the ' supine position, and diastolic, filling time
Has an adéquate reserve at physiologléal heart rates.
Changes in cardiac céntractility and hen¢e pre-ejection
period can be produced by changes in the level of activity
£ the sympathetic - nérvous ‘system supplying ' the left
entricle.  The latter changes are produced by" changing the
amount. of physina)ﬁ‘xercue'or by administering drugs which

mimic - or block the action of the  sympathetic:  nervous

" system.:

Rodbard et al-(1957) found that QKD, measured supine,

had been reduced by 30 mge‘?: after. two minutes of vigorous
‘hopping, and wassemli and Rcdba:d (1963) found t‘nat QKD had
been reduced by 60 msec after the standard Masters two—step
exercise. Inagaki, Wassermil; and Rodbard’ (1976) found that

the. mean QKD of sixteen subjecr.s resung supine ‘was 205

+ e A e immediately after four minutes -of “treadmill

walking' at 4 km/hr- on ‘a 10% incline, the mean QKD, again
measured 'in ‘the supine position, had been reduced by 60
msec. . These reductions in .QKD. were probably due  to an

increase -in cardiac contractility. (and hence a .decrease in

&

the p ion period of QKD)' known to oceur
with exercise. ® it is unlikely that reductions in QKD were
due to a change in Rt,he pulse wave -transmission time compo-
nent of QKD Dedatiae SEOOLH MiLeLe EoHE, WAS~LECBANLY " Fedused
during the périod Of -high systolic pressure immediately
following the exercise, and Rodbard et al (1957) and Inagaki

e

;
!
z




et al (1976) reported that the changes in diastolic pressuré

were "minima.

A reduction in' QKD is also produced by drugs which

mimic . an increase. in sympathetic ' nervous. stimulation.

Rodbard et ‘al (1957) found that "0.03 ‘mg of epinephrine '

injected intravenously reduced 6105 by 40 meec. As . it would
seem from ttieix graph R epinephrine had no' effect .on
diastolic pressure (which is indeed what one would expect),

the ‘shortening.of QKD was most Likely ‘due to ‘an increase iin

‘cardiac contractility. : Unfortunateély, the results of this

experiment .lack the support of statistical analysis. The
same can be said of the paper by Henderson, Rodbard, and
Morse (1972), who ‘found that an ‘injection of 1 mg of the

beta-blocker propranolol promptly prolonged QKD -from 220

: msec to 250 msec, and that an additional 1 mg.of propranolol

prolonged QKD still further to 270 msec. ‘Keller and Rodbard

(1971) found. that 40 mg of propranolol, administered orally

' prolonged their QKD control , value (21248 msec) . by

31%5 msec . (P<. 171) in twenty young adults. The dec:ease
in QKD in response to epinephrine was most probably - due to
its known positive inotropic effect, and the increase in QKD
1n x‘esponse to px‘optanclol, a nega'ti.ve inotropic ' agent,

supports, this conclusion: ® i
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Changes - in ‘cardiac contractility and hence pre-ejection

period can aleo be produced by administering drugs’which
affect the myocardial cells directly. Greco, Brereton, and

»
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David 'Rodbard '(1976) found ‘that in eighty-nine subjects QKD

had been increased. by 13-24 msec -£wo to, three weeks after

S the infusion of  adriamycin, which depresses ‘myocardial

v function and which, -ddministered in excess, can eventually

|
|
|
| cause oyert heart failure. It is likely that at least a
]' proportion “of this increase  in QKD resulted from the
| decreased cardiac contractility, ‘and hence . the ‘increased
i pre-ejection period;, which is expected to 'result from. the
\ myocardial * toxicity 8. 'adrismyein. (This theory .is
supported by the fact that one of ‘the ‘patients, 'who: died as

a result’ of . severe congestive heart 'failuré,. showed at.’ i

. J autopsy marked fragmentation .and’ edera of the ' myocardium, T
and also disruption of thé mitochondria and myofibrils, all
of \whidh: nave been associated with adriamycin toxicity. )
fowever) as the- authors gave no diastolic pressures and did
{ not. wefer to the effects of adriamycin toxicity upoh smooth”
i muscle tone, it is impossible to rule out a change in pulse
H wave transmission time as a factor in ‘the mczeaséd QKD
b values reported Py the authors.
/ _The thyroid hormones are known to proﬂ.uce an 1nczea¢;e
in cardiac -contractility and hence a decrpase in the pre=
; " . ejection period componeht of QKD by directly affecting the
) myocardiun (Amidi et al, 1968; Parisi, Hamilton, Thomas, and
! ) Mazzagerri, 1974). Rodbard and Kramer: (1966), in a clinical’
‘study ©of foir hypothyroid patients; found an unusually long . | #

mean QKD value of: 270 msec. 'After three or more months of
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thyroid medication, the mean, QKD fell to 200 msec, which.is
within the normal ‘range. o addition to -an. increase in

cardiac . co lity, it - aiastolic : and

changes. in smooth muscle tone and’ arterial: structure' may

have nn—“ih ted to this reduction of these four factors

it s possible to estimate the can‘t:ibuf.iom of only

diastolic pressure;  and then only ‘in the case of the two

patients for whom diastolic pressures were given. In_ both

it “increased by approximately 20 mmHg and: such an increase’

can be expected to shorten the pulse wave transmission time
component of QKD by <20 méec. . Since QKD:was reduced byjllO
msec 'in these two patients, the difference between these - two
figures (i 90 msec) is the!change in QKD estimated .to have

been, produced by, increased cardiac contractility and changes

in smopth. musclé tone.and arterial structure. ' Increased.

éardiac contractility can be seen to have been :at work from

the ‘steeper  arterial slopes which Ffollowéd the thyroid
medication; and,  intuitively, .cardiac, contractility would
seem to have been the most important factor-in the reduction
o% QKD reported by fhese, authors.  Young;- Van Herle, and
Rodbaza (1976) similarly found unusually long QKD values
(>260 msec) in three hyputhyrmd patients, ‘ahd an unusually
Fhort mean QKD value (137%15.6 msec) in ten hyperthyroid
patients. 'With treatment, these QKD values returned to the

normal range:. Again the major factor contributing to these

changes in QKD 'is most likely to have been cardiac

contractility.
’ &Y




i4i. Electromechanical delay

In ‘the exper).ments discussed thus far' in this sub-

section (pp. 46- -56),. " chianges in the ~duration. Of _ the

electromechanical delay portion® of pre-ejection, pe)iod'

probably did not gontribute to ‘the changes’in QKD. The,same

capnot be said for  experiments where: QKD values were,

obtained .in the presence of left' bundle-branch block or

epicardial pacing of thé.heart, .Libanoff and Rodbard (1967)

found that when left bundle“branch .block was present, QKD

+ was increased by 90 msec, 60 meéec, and B0 msec respectively

in three; patients with arteriosclerosis 'and coronary heart

disease;- and ‘by 50 meec and 60 msec respectively in’ two .

patients with subaortic miscular stenosis. ~Thess increases
in:QKD wereé probably due to the fact' that when the wave of

depolarization .travels over unspecialized cardiac fibres: as

a result of left bundle-branch block its velocity is much’

slower than if it had travelled the normal route’along the

bundlg of his and the Purkinje network. " (An additional but

weaker factor which may contribute G the' prolongation of

QKD 'in the presence’ of left bundle-branch block is that

“cardiac contractility may be reduced .by the less efficient

synchronization of the myocardial fibres which results when

the wave  of ‘depolarization does not travel the normal

route.) Hasegawa and Rodbard (1976) found that when

epicardial pacemakers were used to .pace the hearts ' of

sixteeq patients with third degree, atrioventricular  block,

|
1
|
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“done by‘c0111t1n§ the findings of various researchers in

this. field. Their values for normal, subjects resting supine

are 'given in. Table 5,.which . alsc includés the age of the
2 .
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QKR was_ increased by 94 msec. That the time from the Q wave
of the electrocardiograph to the first heart ‘sound was Jalso

increased by 90 msec indicates that the. increase in QKD with

an epicardial o In the electromechanical
delay portion, of, the pre-ejection period. Because the wave
of depolarization produced - an epicardial pacemaker also
travels over unapeéialized cardiac  fibres, these. results '

¢ the conclusion that the in éxn found in the

preaance of left: bnndle-hranch hlock s “aise "ie to. ‘an

pre-ejection period.

|
|
incredse in ‘the “slectromechanicaldslay portion of the ;
i

Comparisons between individuals

‘Where comparisons dre made between individuals . the

number of factors capable of influencing QKD. is increased.

In addition to the. fdctors  already reviewed “in. the
immediately preceding aubuecticn, age, arterial lenqth‘and
structure), and the preaence or:absence of cardiovascular and//
hormonal” disease "should be! taken into’ account. .- However,:
with the exception of age:and disease, these -factors _have’ |
been neglected. ’ .

To evaluate abnormal QKD values, it is essential first

to establish the normal range Of this variable, which can be

¥
i
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subjects where available, as age has an important infliuence
on QKD. As can be seen, ‘mean QKD values ranged from 195-214

imsec with standard deviations of 8-24 msec: 3

i. Age . <

Murata'.et’ al (1976) found .age . to be a significant

‘factor affecting QKD, as can be .seen. in Table 6. -U!ing
- the GKD values obtained” from ‘the males and females aged

twenty to ‘twenty-nine years as their basu of compaxison. :

they - found the QKD Values to- be significantly ~shorter
(P<.01) for the males ‘and females aged six to  nineteen
years, for the males.aged fifty to seventy-nine years, and

for ‘the females aged sixty to seventy=nine years. With the

exception of the group aged. fifty to fifty-nine years, théy

found no significant difference in QKD values obtained from

males and females.. The shortening. of QKD in the males after

‘age fifty.years .and tHe females after age sixq, was most’

probably due to a redugtion in pulse wave transnission time
caused by an'incréase in puleé wave velockty with age, (this

thesis pp‘ 37-39) whereas the shortening Of QKD in both males

and ‘females below age .twenty was most probably due to a

reduction in pulse wave' transmission time caused by .shorter

height and hence- shorter arteérial -Tength. - A reduction in

pre-ejection -period may also have contributed to .this

shortenlng Gf QKD (see this dissertation, Bp 31-32).




Table 6.

»
S

R RN
>
©

in the_ supine position,
al (1976)
Maies

QKD ' Number of
(msec) -~ Subjects
171£10 5
19618 19
221%14 48
211314 19
209%14 11
wzim 10

¥ 193320 s T
10564

Aty ol

The duration of QKD in males and females at rest-
classified into. eight-
groups according to -age, -compiled from Murata-.et -

Females
‘QKD . * Numbef of
(msec Subjects
161110 5
186116 13
214317 23
209310 13
213%20 11
20827 - 10
191414 6
17914 1




Bereu et'al {1979) found that the.signifidant correia-
tidn' (r'= .83) between QKD and_age in-sixty-three children

aged seven months to. eighteen years, was probably ‘dué .to the

a . . 1 :
correlation between QKD and height, (r.= '.86) ‘and DeMorichy
and Van der Hoeven (1_975) found ‘that while pulse wave veloc-
/ities changed very little with age in children; pulse vave

transmisslon time was. highl.y correlated with helght.

id. Beart rate ) 8 i, OB

Heart rate has been 1nvaatigated a5 a fac:az afﬁactinq

“axp in both:c¢hildren and adults.

in'/a group of sixty-three’ normal childfen aged seven -

months 't6- eighteen years,. Bersu -et'al ' (1979) ‘found  that
while “QKD' was 'highly: correldted - with both heart. rate

(x = -.73) 'and height (r =:.86) when' thése ‘two -factora were

tested singly, QKD was correlated only with height wtien “the
two fam-.ozs were analysed together by multiple régresaion;
and was not. correlated with .heart raté when: it (QKD) ‘was-

first corrected ‘for height. . GKD.and. Height ‘were strongly

Gorrelated (r = .86) because height' (and arterial length)
and. hence' the pulse.wave tranhmission time componént of QKD

.increase as children grow older, Whereas QKD and hert. rate

were. strongly correlated :(r .73) 'solely ben:ause of t‘he

strong ' correlation (x -.99) ‘existing between ‘heart -rate

and height. . From thaee fl.r&ings it would appear that, in - -




children the correlation of QKD -and heart rate is merely

coincidental,

In s group of ‘normal adult subjects aged nineteen to

fany year!, Da Costa, 'Da Silva,. Ranc‘hatd. ‘and Da Costa |

,(1973) found,che . correlation vof‘u!cl]_ and heart rate was.

£ = -.48 (P<.003) for their forty female subjects  aged

twenty to -forty-nine years, but that -thére was no signif:

cant, correlation of QKD and heart rate for their forty male -

" subjects in the same age range. . Similar lgvels of correla-,

tion Dbetween QKD ‘and heart rate were 'found 'by Murata,

Yoshitake, - Baba, Suga, . Yamane, and Shigiya (1976):°

‘e -.454 (P<. 01) fof their fo:tyvseven females. aged twenty.
co forty-nine years, and r = =-.239 (P<. 05) “for meu
sevanty-éig‘ht males in the_same age range. ’l'hs pilse wave
transl\uasn)n time component of OI(D is not . affected by heart
" rate (this “thesis, wp 30-31). . Therefore, those levels of.
“correlation betwasn UKD dnd heart' rate" Found by Da’ conta et
al (1973) and Murata et al (1976) dépend solely upon the
correlation of the pre-ejestion pen.od compongnt of QKD ‘apd
heurt' fate, and this® cozt‘elation itseif depends | upon the
level of actxvity of - the sympathetic nervous. system, which
: affects both cardiac ‘cm_xcra_ctxliyty (and - hence t.he vprev_—‘
eje’ct'iun period component of QD) and heart rate.. Thus in
adnlts too"u—. would, appear that the correlation of ko' and
‘heart ra’te is. uoincident.al. Th!.s conclusion is . ‘supported by

the ‘fact that where the level. of -activity of the’ sympnthetic

7




y Rodbard, 1976).
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nervous system was not affected and the heart rate was
‘
changed solely by the use of artificial pacemakers, there

was no correlation between QKD and heart rate (Hasegawa ‘and

141, Disease

s Both thyroid and, cardiovascular  disease 'have been’

investigated ‘as'factors affecting QKD. .
\
Rodbard, Fujita, and. odbara (1967). compared chirty—
seven hyperthyroui and ten hypothyroid patients thh a

control group of eighty éuthyroid subjects. The mean QKD'

. for the control group was 210.6 msec, but unfortunately two

_different values were given for the standazd deviation: 12

msec.’in the table, and 17 mséc in the teX ] The Bmaller of
these was used by the authors to calculate their 95% confi-
dence limits (186 msec and 235 msec). . All thirty-seven of

the hyperthyroid patients, nine 'of the ten' hypothyroid

EP and oneé of the eighty euthyroid subjécts were
outside these limits. However, if, to err on the safe side,
the 17 ‘meec. standard devidtion given in the text -is used,
the 95% confiderice limits would be 177 msec and 245 'msec.
Between thizty-one and thxrty—sx.x of the thirty-seven 11yper—

t'hyroid patients, nine of the ten hypothyroid patients, and

none of the euthyroid subjects
w.ider 95% * \:onfidence l.imxtu.

cnnhdence lhmi.ta are capable

would have ‘been outside these .

Whether or not ‘these wider.
of universal application ‘can

|
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be tested to a limu:ed extent bf applymg then to the data

presented ‘in other papers. ' When this is done, it is found

that all * twenty-three ~of the. hyp\rthyzma patients of

Fujita, Yoshikawa, Ito, Suzuki, and Rodbatd (1967), and nll

ten 'of the hyperthyroid patients of Young et al.:(1976) were

‘below .177-msec. ~‘Very few hypothyrpid patients -have' been

tested, but ‘three of the four f(wypothyroid patients of
Rodbard and Kramer (1966) .and all’ three of the hypothyroid
patients of Young et al' (1976) weré’ above 245 msec. . Theére
is thus somé gvidence. to suggest that QKD values have a high
sensitivity .and specificity in detecting thyroid digease.
However, the experimentdl data may. be misieading because’no
;l;arginal dases were included, ‘and age ‘was not considered as
a confoundihg factor. In. addition, false positi\}es could
sapuits’” bropesbie or hypertensive individuals could- be

picked up below the ‘confidence imits, and individuals with

myocardial disease or peripheral vascular disease could be'

picked up'above the confidence-limits.” Information from a,

completely: rardomized ‘sample of a population - is ‘essential

befare developing this method further as an instrument to.

screen population gtoups for thyroid'disease.

There are theoretical grounds for regarding QKD as a
potential “séreening tool in.a very limited ‘mluger of dardio-
vascular dxsease states:  the pre-ejection period component

of QKD 1engthens in profound 'myocardial’ - disease  (this

thesis, p 33), and - ‘the - pulse - wave ‘transmission - time
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component of QKD lengthens in advanced peripheral vascular

‘disedse (this thesbs, pp 43-44). However, in -both disease

states age can be'a confounding factor. This is because

Ppulse vave transmission time shortens up to sixty years of

age,” and both it.'and pre-ejection perioa shorten.after, this

age.”  ‘(Another 'possible confoundjng factor in peripheral
vescular . disease q)ight be excessive. sympathetic ntmulatwn
of  the heart, which would ~also shorten - pre-ejection
peitod,) . By .\ ’
Miyahara and 'Rodbard (1951) Found a méan ‘GHD value' of
198 msec .in eight patients with current. congeat:ve heart
failure of a History of.congestive heact faxlure- (N
stan;!’ard deviation was given, but f.he range was 14'6“ msec’ to
236 msec.) ‘]m'&?ard and Libanoff (1965) found- inean QKD

values 'of '200¥10 msec  in six ' patients with - mitral

F «
-regqurgitation, ' 180¥30 . msec. in  six- patients’ with

subaortic muscular  stendsis, vzeutao msec . . in - five

patients with mild aoitic—valve' stenosis, . and 28030

. mséc in five patients with moderats. 'to severe aortic-valve

stenosis. Libzmo/f and - Rodbatd (1967) ' reporfed mgan QKD
values of ‘162t msec_.for. Eight panengs/:nh arteri-
osclerosis and - GCordmify heart diseasel 190%21°msec in
seven patients with subaortic miscular ' gtenosis, and’ 243

Tsec in three patients with nqucardxopathy. The short QKD

values in'the group with art

aleease could have been due primarily to, their advahded age

1oscleruain and coronary heart.

\

%
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)

(the mean age was sixty-eight years): However, as the

authors were mainly concerned with . the effect of left
* .

s & 3 -
bundle~branch block, they did  not consider. the effect of

8ging on QKD. ' Hasegawa and Rodbard (1976) found' a mean QKD
value . of ' 206855, msec . in - mixteen patients requiring

pacemaker 1mp1antac,mn. A by

Because 'a’ high proportion of _these - ‘cardiovascular .

patients had axp values, ‘within ths, 177 msec to 1245 msec
confidence limits used above, QKD:values would seem to lack
the seneinuty required igor screening. population groups fcr
cardiovascular disease, especially when it is remembered
that if the QKD -values had been corrected sor age the
proportion of patients Eauing wit‘.hin the ccnhdence limits
would ‘probably have been even higher. .

(Although QKD haa these  demonstrable deficunces i‘n
Gomparisons between lndividuals, it does. have certaln
potential clinical uees Lin comparisons withxn individuals:
to measure cardiac contract:tl).ty or, curdxac diatx:eea in a

patient during anesthesia [Henderson et .al, 1972: Jackson,

‘1974; Rodbard, 1975] thyroid.medication [Rodbard and.Kramer,
. v

1966; Young et. al, 19761, beta-blocker medication [Keller

and Rodbard, -1971] and adriamycin medication [Greco ‘et al,

19761.) Nl . By

52 . st i . -
-+ To. summarize; .The changes in Qb reported ‘in the

literature are, compatible with the changes reported to oceur

S N
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in the .two ‘components of QKD under similar experimental

conditions. 'y

In comparisons within the individual,’ QKD ‘shortens as

‘cardiac contractility increases and hence decreases the pre-

ejection period component Of QKD, lengthens as end-diastolic

volume decreases and hence ircreases thé pre-ejection period.
component ©of QKD, 'and  shortens as diastolic pressure
incresses and hence decreases the pulse vave transmigsion
‘time’ component of QKD.

In comparisons- between individuals .QKD inbreaaes as
children grow in height, mainly jbecause the palse wave:
transmission time component incresses as artérial length
,incresses, and to'a lesser extent bacause the pre-ejection
period conponent increases in length as ‘children grow/uldex.
QKD ‘decreases with age after fifty years in males and after
sixty years in females because of a corresponding -decrease

in both components. of QKD. fhac‘-om is correlated with

heart ‘rateé }is p:obabxy cnlncldental in both children and

adults: in children -the correlation relies upon’ the very

o

high level of correlation between heart raté and.arterial

" length that exists 'in children of ‘different ages, and in

adults the. correlation relies upon ‘the level of ‘activity of

‘the sympathetic nervous system, which is :a factor' common to-

both. heart ‘raté and Cdardiac contractility (and hence the
2 i x

pre-ejection period component of QKD). -, C e
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Marked differencee in QKD are found when bot‘h ‘hypex'-
thyroid and 'hyg hyroid patients are.compared with euthyroid

subjects, but rked - differenceés are not found when

_individuals with cardiovascular disease. are compared wien?

hY

normal “individuals.  (Unfortunately ngne of these - studies
used ‘age related controls). . QKD eem. to have the
pocencial 6 be used ad a, tcel to(‘ screen populationu for

thy!‘o:ld disease but not for cardlovascular dxaeuse. It

_would also seem’ to have the .potential for clinical use

within individuals: = to monitor the 'cardiac re!ponse to

aneuthena and to adriamyci.n or beta-blocker n\edxcatlon, and

to monitor.. the response of  thyroid patients’-to their

treatment .

* 'SECTION 3

' fhe amjerotic slope of the, brachial artery pressure ‘pulse
K press

whve

Fhe gecond of the twp piece? of inforn\atio;x provided by
Rodbard's ‘method is the anacrotic slope Of the -brachial
artery ptessur:a pulse wave, .The ana‘cr‘otic‘ (from Greek ana
up, krotos striking) slope is the name given to -the ‘initial
portion of the pressure pulse wave, ie the portion where the

arterial pressure rises from diastolic pressure (the point’

at which QKD is obtained) to systolic preesure (the point at

«\' which QKS is obtained).
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No universal mathematical formula was found to quantify

the shape of the anacrotic slope and thus make possible a

airect’ investigation of the factors affecting it. However;
visual examination of 'the anacrotic slope provided by
Rodbard's method suggested that for convenience it could be
divided into two portions: an initial, linear portion and a
later, nonlinear portion.. For the initidl, linear porticn
the folloving hypothesis was set ups That cavdlng Gntxacs
‘tility- is a mjor factor affebting . the. gtadient "of - the
initial, linear portion of the anacrotic ‘slope. A litera-
ture search was carried out to check on this hypothesis, and
data were found supponiné it. ' This' material -is  presented
in subsedtion a. ; ’

To determine the  factors affecting' the nonlinear
portion a more indirect route had ;:o be used. Mathematical

fornulae have.been ¥ged to describe the entire brachial

“artery pressure pulse wave (O'Rourke-and Taylor, 1967). -

Therefore it was decided- to identify, and to determine the
mechianisns Of, the ‘factors affecting ‘the shape of the I
nonlinear portion of the 'brachial artery pressure pulse
wave, ~and  then to make the .hypothesis' that Eiase’ uane
factors affect &he shape of the nonlinear portion of the

anacrotic slope and in the same way. However, it was found

that in efeBot te 1o had to be to include

_the duration of the éntire anacrotic slope, because the.only

méasurements available in the  literature which' related: to

s

|
1
i
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the shape of the nonlinear portion of 'the anacrotit‘:\ slope
‘were measurements Of the duration of the ‘entire’ anacrotic

slope. This material .is presented in subsection:b. |

a., Cardiac contractility as 'a' major factor affecting
the ..gradient of the 'ipitial, linear portion Of. the
anm:.rut.ic slope
1f it is true that cardiac cbnr.r\ctility is a major

factor  affedting . the 'gradient of -the initial, | linear

portion of the  anacrotic slope “then it is essential that

1) -the initial  rate of pressure rise in the ascending

aortd should be found to be directly related to cardiac’

contractility, and

2) ;hE' initial rate of'pressurev rise . in “the. brachial
artery should be.iound to be directly related to that ‘in the
ascendmg sorta. '

i When considering the. first ofSthese two conditxons, it
Tis ‘impq:tanc to remembei that it  is. the qature of the
.cardiac contraction to:accelerate.the blood ‘very rapidly’ to

a maximum velocity and momentum early in. the car

) < .
ejection period. After this maximum has ' been reached,

aystolic “flow™ continues because of.the momentun alréady
-given. to’ the blood, and not because ,of further cardiacéon:
traction (Noble, 1968). Rushmex‘ (1964) lxkened‘ ventricular
. ejection t5 striking a piston- with a mallet as opposed to
Aqueezihg an; orange. The powsr o 8xpel the-blood 4.

‘way is stored. up by the elastic and resistiveielements of
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‘the ventricle  during the isovolumetric contraction period

(Hunter,  ‘Janicki, Weber, "and Noordergraaf, 1979), and ‘the

rate of pressure rise in the ventricle during this. period

has frequently been used as a measure of cardiac contrac-

‘tility. (eg, 'Martin et- al, 1971; Talley .et al, 1971,

‘McConahay etQ;L‘ 1972). Because the rate of pressure rise
i

in the ventricle during ‘the.isovolumetric contraction period
has been found to be of use as a measure of cardiac contrac-

tility and because George, Taylor, and Ramsay (1967) . found

thiat ~the rate of - pressure rise in ' the ascending aorta '

immedlately after the opening of the aortic jvalves bore &

congtant and direct relationship 'to - the rate of .pressure

rise.in. the ventricle during the immediately preceding

' isovolumetric contraction period, it would appear that the

initial rate of pressure rise in the ascending aorta is
directly related to cardiac contractility. g
The ‘relationship between the initial raté of pressure

rise in the brachial artery and that in the ascending aorta

is complicated by the fact ‘that - the arterial pressure wave

Changes in . shape s it travels towards. the periphery

(Kroeker and Wood, -1955; -McDonald, 1974, p 332)." ‘Although

some change in shape is caused by nonlinear properties of .
the arteries; particularly the fact that peripheral arteries"

dre less distensible than't.he aorta, .'thé most” important

factor is the presence cf reflected waves (Taylor, 1966).

However, ~because, of the time J.t‘takeﬁ reflected waves . to
s : /

5
§
i
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travel to the peripheral reflecting sites and back to the
point of measurement, they do’ not alter the initial; lidear
portion. of the anacrotic ‘slope. | McDonald (1968) superx-
imposed ‘arterial pressure pulse waves measured at ‘various
locations ‘5 cm apart, and found that the’ fifst 60-80% of the
avacrokic, siopd was not ‘changed by Grmninianion’atony The
arteries,. alt};ough‘the shape of the remaining portion was
noticeably. altered and 'systolic' pressure ‘was increased.

This would seem to indicate that the initial rate of pres—

sure increase (gradient) in ‘the brachial ‘artery, is directly .

related to that in the ascending ‘aorta. g 5 Ry

Consequently, because the initial raté of pressure ike

in the ascending aorta has been found to be directly related

to cardiac contractility, and because the initial rate of
pressure ‘rise in the brachial artery has been found .to be
Girectly relited to that in the ascending sorta, the hypo—
thesis "that cardiac contractility 'is a major factor,affect—
ing ‘the gradient of the initial, 'linear. poftion of. the
anadrotic Elope™ woild appear o.be., justified ]

To test this hypothesis' further it remains’ to be seen

whether the factors affecting cardiac comtractility (ie age,

. : 5
exercise, drugs, ‘and- disease) .correspondingly affect the

gradient of the. initial, linear portién of ‘the anacrotic .

slope. A e .

' . : o R




1 Age

Hancock and - Abelmann  (1957) measured intra-arterial

pressure directly in’ two groups. each consisting of twenty

subJects: . they found that the gradient of the initial,
linear portion of the ' anacrotic slope’ was 850t430
mniig/sec. in, the ‘group aged twenty to mx:ty—geve;. yeats, and
930£600 mmig/sec in' ' the ' Group sded - thirty-eight to
eighty-four years. From these valueu_éherg would appear to

be no -significant change in’ the gradient of the ‘initial,

linear portion of the ‘anacrotic -slope ‘with age, although’

cardiac contractility is expected to 'decrease gradually with

“age. It is’ likely that the decrtase in gradient expected -to

result from the anticipated decrease in cardiac. contract-
ility with age was confounded by the increase in gradient
expected to .result from the  anticipated 'ifcreasé in pulse
wave velocity with age. (0'Routke [1976] observed. that  both

cardiac, contractility and pulse wave velocity directly

affect the gradient and that therefore an increase in pulse

‘wave velocity will increase the gradient.) - .

e

ii. Exercise

" Inagaki. et -al (1976), using Rodbard's method, ' found

that - the . gradient ‘was. 590%220 - mmHg/sec in. sixteen .

subjects ‘aged eighteen to sixty-one years resting -in the

_supine’ position; ind- that' ‘this increased to, 1298%378




rinig/sec after four minutes of walking on a treadmill at ‘4.0

4
km/h .on a 10% grade.

This increase in gradient with eXercise. is what one

would ‘anticipate because

‘exercise. In this experiment ~“the ' relationship “between

gradlent and. cardiac ility .was not n by
pufse’ wave velocity because dlastolic pressure was found  to
hale rema\med cons'tant; and’ age -was ot 2 factor in these

comparisona wi.t'hin the individual.

{4, Disesse

Hancock and Abelnann (1957), in a“stydy of the brachial
artery pulse form in five different’ cardiovascular disease
groups, found that the group with sortic insufficiency (and

‘hence markedly increased cardiac ‘contractility) had a

gradient: faf steeper than that /of- the healthy age-related

control  group: 2350%1490- mypig/sec ' as - compared, with -

gsoigqé\'mmg/sec. ‘fhe gradient Of the group with mitral
ihsufficlency (ind" hende,” sgain, indrassed dhriiag eontgace
tility) was 1410%1153. mug/sec. - Hasegawa and Rodbard
(1876) “found . that - the gradient was ' reduced from 680%490
mmiig/sec to 530%230 muHg/dec  following pacem'a‘x'er stimu-

lation .Of the heart: here ‘cardiac contraculny is expected

“to be ' reluced because of 'the’ less efficient elactrlga],

conduction of, the ectopic pucema‘ker stimulun. Fron graphs
of the 'anacrotic slope preseg&ed by, Rudbard and. Kramer

f- the ‘known inotropic. -effects of




i cont:actilx.ty changeﬂ.

_having ‘moderate aorti

(1966) it Ganebe seen that the gradient was clearly greater
in hypothyroid patients ' following treatment with thyroid

extract, which ¢ cardlac : tility. Al.t.hough

all the' above changes Bty qrmiient vere rot significant they
; S

newe:thexeu were in  thedifecticn in’ ‘vhich cardiac

Hancock. and Abelmann (1957) fcund that. the gradient was'

reduced ' from the 930t600 mmHig/sec for  the’ neaitny’ ‘age

_related, control group to 6561293 gmHg/sec in the grotp

stenosis .and  to 501%170 mmilg/sec
in the group having severe ‘aortic stenosis. In' aortic
stenosis this reductibn in the gradieht does not necessarily

indicate ) a reduction'of cardiac. contractility, because the .

‘ relationship between gradient and cardiac &ostractility -is

confounded where cardiac emptying is obstructed by aortic:

. stemnosis: even where cardiac Eontractllity is anteased w

force' blood past the. damaged valves ' the gradient of, t‘he
indtial portion ‘bf the  anacrogdc slope is in the ‘low to

B i
hormal pange. - - " 5 o

\To: sumarizé: The ‘dafa, availabie 'in the literature
woul\i seem; to ‘ support the hypotheue “that canhao contrac- ¥

txlity 15 a, majnr factor. atlacting the. gradxent of the

initial, llnaar portion of the anac:qtic Elope. Howaver,”

the relationship between cardiac, contractility and qrarlienn

.ond ‘be copfounded /By changes in pulse wave vslocxty and




cardxovascular ‘aisgase.’ meaﬁ that the qradxent

in).tx.al, unaaz poruun of the‘anacrotic Blope

1ac‘ks [ ne sensitivity "and rspecxfxcity requ xed

T o L :.nn.;al, xlinear " portion ‘of the

- y
- % \ ¢ :
* The ‘fuctozs nffacting c‘hp shape of thc rmlning.
nonlinear: portion.of the m-czgnc sloj ope

= Becaube mathemat cal equatlons derived by ‘Fonr}er

S R entire brachial Pressure pulse wave il ‘temms of .its hamom.c

energy, it was rvihclded tor- 1nvestigate fhe. factors “affecting

- 'chs entire pressure puls " wave -in’ order t6 determine ' the

‘¢ 2. mhe 'factoiw  affecting . the, shaps’ of the, entire ‘mom-

. wave

oL " . From a' stud‘y by - McDopald (1968)_o£ the prggsure pulse

arteries it can be seen t'hat the gradxent of ‘the 1n1txal,

LA _unear pcrtion of the pteasure pulse wave did not alter from }

actors ' affectxng ‘the. nonlinear . pertion of 'the "anacrotic

linear porti of t_ha,b:achial. artery. pressure pulse -

- wave as (it travelled along 5. cem séctions of'. the - major

,analyais «h'avs béen used. ko, desdribe; the shape”o Fthe .




Harmonic yattern produced by the heart's co
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“'section to section although “the

Shape | of, fhe Tremaining

Portion 'altered moticéably. ' Like Taylor (1966), McDonal
;;t‘fibhpeii this  ciarige in shapé ‘Primarily to waves reflected
from. the periphery.: a reflected éreasure wave éoinhines with
¥ha L Andtaene. wavd e produce a, higher pressure. hen a
refiected *wave - atrlves ClDSE to the peak of | the" 1ncxdent

“wave xt increases aystollc pressuze, “ama when a :eﬂeeced

: wave atrives after t‘he peak of the’ inciﬁent wave has passed,

it does not 1n;réase..syst011c preasure ‘but. produces a’

séconda:y peak in the dlastoito portion of " the azcena;

. pressuze pulse vave.

ors affecung ave ‘reflection and hence the entire

rionlinear: poxtlon of “the pr¢ssure pulse ‘vave, were - 1nvesu~r

gated by among othérs O'Rourke (1976, 1971,

976), o Rourke -

"and raylor' (1966, 1967); o' Rourke 'Blazek, Mprreels; and’

" Kiovetz ' (1968):  0'Rourke ‘and Cartmily . (197); 'Avolie, .

G'Rourke, - Mang, Bason,’ and Gow (1976); dnd. 0'Rourke ' and

Alvolio (1980). ' 'These factors - were . found to® be’ l&ft
ventricular . ejection  time, ‘pulse . wave , velocity,. and .

" peripheral . resistance:

becduse  the amount of wave ‘reEléction ’ depends upon ‘the .

mcunn, pulse

wave velocity because the, time taken for the press.uxe wave

“to' travel to. and ‘fromvthe. reflecting’ sites depends’ ipon

pulsé wave velocity; and peripheral'resistance because the

’ieft‘ ventnculu ejection - time .




proporcxon of t'he 1ncide'nt ‘wave | that is reflected depe
'+ upon periphéral resiftance. | " - " I"
T'k\e eff;ct of x) left” ventrxcular ejection zt,:une, i‘i)
s - pulse wave }ilacxty, and. ii1) anghe:al resistance on. wave
- reflectxon aid t’hus the shape Of - the eqtue nonlinear
“portion. of the brac’hial artery pregsire pulse .v{ave will now

w5 P stud).ed in getail,

’Left{ ventrioular e;ecuon _tim- ) X

5 n
el Rourke 11970) fuund that m a group. of thlrty-two

oy card).ovqscular patxents‘ aqed twenty—one tov sixty-fojr

o I —.‘ years \tbe amo\xnt oi a:npl fxcatxo of brachial

piilse pressute

. L. dud o ave reflection as not x‘elaced to ‘the 'gge,’ mean

s s e “blood: pressure, caxd ac &mtput, mmke volume, oy per],p'hetal

reslstance Of “the subject, but was’ ccrrelateﬂ mwu:h L left

s Mentrxcula ;ect'on time (as measurerl frcm the begmmng of

“-the, upstroke "of “the ortic pressure wave ito the fifst nadir
of ‘the mclsura).f The cﬂrrelatinn fm— ne ‘eftire group-was

£ =:=.53 (p< 01); na £or jone ‘of ‘the pamenks ((with atrial:

e fxbr].llar.).on) was r

qrrélation depended . upon ’ the fact that the ' amount of
glification of brachial pulge press'ure yms  dapendant’ upon
e “moduli .of * the -harmonics -occurring  in the ascending
time. He. compared the harmonic moduli’ of -the

3 A ) s
pressure waves of ‘the ascending -aorta ‘with those Of. the

.8 (p< 001): . He suzfqes:ed that’ t'hxs

‘ which, ih turn, ‘were dependent upon left ventricular - .
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‘bracuial and femoral arteries a}{c{found that  the - harmonics
undergoing peak ampnfmatmn were Aifferent in’ the two

arteries. .. In -the brachial artery, peak amplificatlon
K \ PRt

_occurred in, the 45 cps harmonics while in the femoral
artery .peak -amplification. occurréd in. the 1.5-3.5° cps
hanonics . . fle' foind that’ these experimental results matched
the theoretical valuds caléulated £rom - ‘the Supsaancs Sikves

of the twp arteries’ and the ‘difference between brachial and

feroral arteries was ‘ane o the, different lengths and pulse .

wave veloc:.t).es of. these o arterinl Pativays s AHith

* reference to ‘the hrac’hml arte:y‘. this means that where more
Of the energy of the acrtic pressure wave is in:the range- of
4~5 cps, - amplification will' be greater than where: less: of

the harmonic energy is in “this _range.

In' support of ‘his “nypozhesx.s that the harmonic moduli

contained in the, aortic \p:‘:isure vave were depamient -upon
e S N b

‘me he ~

. left ventricular ejection

1) reported. ekperimental . results ‘from a 'BSc © thesis

(Morris, 1965) which® showed that modili of ' the harmonics. of

greater than 2 cps were ifcreased when left ventricular:
ejectinn tine was decreased and- were decreased vhen left
ventrxcular e;ecuon tirie vas ‘increased;

- 2). presen:ed ‘experimental evidence which showed that the

moduli Of the 'harmonics above 2 cps -and especxally 3 cps -

‘Wwere far .less in the subgroup of ‘thirteen patienta with

" mogerdte  to ' severe aortic stenosis as compared with the




* stenosis.. This reductxon in l'\e mduli of 'the 'harmcnics

-.increase’ in the'Nigher frequency harmonic moduli of - ‘the . :

“aortie- pressure waves .,

G

xemaining nxneteen patlenta who . did nét  have sorzic

above 2 ‘cpsiand 3 cps resulted in less brachial, puue pre:

sure/. amplification ‘in_ “the . aortic.. stendsis subgroup: <. © .

©10%8s .as  compared with - 23%20% ‘in ' the  patients with-

out -aortic stemosis, . Left ventricilar .ejection time was

337440 mééc . in- “the  .aortic. stengsis . patiénts - and -

.2751100 rnsec in | the ‘patients ~without ' adortic ' stenogis.

(Mason, Cohen, spann, Demaria,' aby=',~ and Miller' [1978]

aortic stenosis. ]

©3) " reported an extume case of 'hig‘h brac‘hlal pulae pres- ek

“sure amprmmatmn (150%) in'a Elety-£ive year-01d /man who

was in shock. Here the ‘hxg’h amplification’ was due to the

- short. left .ventricular egecnan ‘time, and ' the. Aesbaiated

lncrease in the moduu of the 3-4 cps hamomcs. (Brachlal
b1sod pressure was” only 85/55 itg in this patient at ‘ther .
time:) © f | ) E ;o N i

4) :pe-evaluatéd” the results whlch Ykroeker and Wood (1955)

obt_alned dunng ptolnnqad exp{r\at).on and t.‘hose that Royell,
&

Brengelmant, Blackmon, Bruce; 'and, Murray (1968)" obtained ' - {
during exercise; and was again able to- explain the increased

amplification of brachial: pulse pressure ds: being . due to an' =




Left veqt_r:tcnla‘r Sjection time has, been found 'to be
highly corrélated with heart rate ‘aid. cardiac contractility
(Fabian. etwal, 19727 * McConahay et’al, 1972; 6podick and
Qlargy-Pigott, 19737 spitaels et 'al, 1974 Van der Werf,
Piesiens <Kesteloot, and De céést, 19755 van der\goeven . et
a1y 1977)L 1t ~can thus.be adbumed that because the smount
OF anplification of brachiai pulse pressure’ was found, o' be
orrelated with leff ~véniricular  ejection. . time, this
amplificatioh is alsp: correlated with heart rate and cardiac

conitractility.

4. pulu vave valoeity

The time taken for ‘the ‘pressure Vave to travel -ffom the

: point of messuxenent to a peripheral - reflecting site and
back dgain depends upon the length and pulse vave velocity

‘of t'he sectmn of artery traversed. unuke mst arteries,
Which have one mean reflect:\.ng site; the ascendx.ng acrta ‘has -

two, the cephal).c “nd tne Saudal, the positions’of which are

cardi ated’ from the ascending aorta's -impedance modulus.

The “distance bétisen’ the ascending aorta and ‘the mean G

stance

ce_p;halic'v ‘reflécting. site represents the' mean ‘a
ipetween the agcending aorta and all'the reflecting dites of
the uppet body, . while. the distance ‘between the ascending
sorta and the sadih, shudal .xzefleciing site represents the
néan: diatancs between' the ascending acrta am ali the

reflecting sites of the lower body.

i SO
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cephalic and caudal reilecting sithh - .are at dxﬁferent

distances f£rom the nscending sorta (Q‘Rom‘ke and  Taylo:

1967); for humans, these diatancus were, found to be ‘in a

[ ratio of 1:1.5 (0'Rourke  and uvoxm, 1980) ., The mean

cephahc reflecting site was Eound o be eqmvnent o “a
polnt either towaids “the: distal -end’ of the wpper arm or An
the ‘angle of the  jaw; and ‘the mears caudal: refleching site

was found to:be equivalent toa point cLo_se,tq ~th:’r‘h:.fur<;a~

tion of the sorta (Mills et &l, 19703 Alvolio- &t aly 197
: i :

and O'Rourke and Alvolio, 1980-).‘ The. c‘eph'axic reflected

wave thus weturns earlier than the caudal - reflectéd wive to

the/ ascendn—.g aorta,

Wheit o Fetiected ‘waveretuzns jat a tine c'msa to- the

systolic peak of . the 1~ncxdem~. wave; the syngonc peak is

1ncrea¥ed and pulse pressure. is amplif).ed. 1f-it returns

afiér. the. syatolic peak.‘has passed|and pressure is £al1ing,

the reflected wade produces’ a ' secondary peak in the

_alastolic portion’of the pressure wave but pulse ‘pressure is

not -amplified. . “As. pilse wave ve‘locity xncraases, the
cephalic and the caudal reflected. waves  return: atlias “and]
closer together. Fon the brac}ual artery, this means that

when pulse wave velocl.ty is low (hs in'a young namor.ens;ve

adult) the cephdlic reflected wvave increases the systolic
peak and the candal reflected wave produces a marked peak in

the ‘diastolic portion ‘of the pressure: vave (see ﬁ.gure =i

=

se of the heart's eccentric position, the" mean’

I
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“graph 'a).’  When pulse wave velocity is intermediate. the

cephalic reflected wave again increases the systolic peak °

and ‘the caudal. reflected vave produces & less .marked peak

earlier in ‘the diastolic portion of the pressure wave (see
figure 3, graph B). When pulse wivé velocity is High' (as in

an eldely hypertensive adult) both the - cephalic and Lhe

caudal, reflecca&‘ . waves arrive .in’ txme m increase the
systolic. peak and there 'is' o discernable” ‘peak . in the
diastolic portion of. the pressure wave (see-figure 3,.graph
&). . The explanatx.on»).n the pavagzapy abové . is based on

idformation providéed by O'Rourké (1971).. .
5 B x N

“iii." Peripheral resistance

Peripheral resistdnce is known to affect wave reflec~

tion “and hente the' shape of the. arterisl:.pressure pilse
wave. panphezal Tesistance .is in oturn affected by ' blood

viscosity, the structure of the miérovasculature, and swift-

w“

acting vasoactivg substances. . The effect of peripheral

" resistance  upon wave reflection. ‘has been demonstrated

‘experimentally only whefe peripheral resistance has. been
modifi'ed ,py swlft—act).ng vasoactive “substances. .

Using data obtained ‘from canine feworal arteriea.

0'Rourke 'and Tayloxr (1966) xnvestigated the effect.of ‘vaso-

active redication vpon wavé. reflection’and calculated that

under control ‘conditions the reflection coefficient _(the
el N J aiot s : s

1




. comparatively slow pulse wave velocity
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Figure 3, A diagram to illustrate the hanges in the

shape of the biadhial‘artefy pracasza” puloaisve
which result from changes in.pulse wave velogcity. The
‘arrows indicate the ‘time of arrival of the cephalic

(1) and the caudal (II) reflected waves. . The shaded
area indicates the incident pressuré wave. . ,
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pigportion of |t

‘pcunale that.\their- control value of 0.8 was' unduly mgh

!

. becauge of ‘the |stress o anelthesxa and expeerantal manipu-

‘latior, and: ‘that under 'hrys:.nlugical conditlons the refLec—- i

tion cceﬁficient is- 1€ss than 0 .8%) " 'The authors f_ounﬂ that

variations’ m vasémotor tone nl’tered he xe€ Lsctfon ode

ci‘en’n : intta-arterial in]ection or acstyleholine d creased

Cthe raflection coefflcient tovards, zerg; dnd intra- rte-rxal

injection cf norepmephrme mcreaaea the raflec:mn meffi—

cient towarda uni.\'.y. Thus iticans be séen that the d rease .

in peup enl :esxstance‘ caused b the: acetylchal:u(&
et " 4

aecreased wave’ tef],ection, while  the . 1ncrease in

|

resistance caused oY - the’ norepxnephrine \anreased wayh

reflectlon. s ] %

From the -effects of cChanges!in parxphetal xgsistance of

thé shapes_ of “the: femoral préssure. pulse wave' recorded by

" Rourke ‘and Faylor, (1966) ‘it would appear that the sécond-,-

ary. (or casdal).peak in the’ diastolic. porticn’ of- the:

brachial pressure pulse. wave “increases’'in ~a‘r‘n§11mde whei

_periphieral . resistance ‘ increases,. and ,’ decréasey | when': -

peripheral zesxstance decreases. .’ The systalxc (or cephal'c)

‘peak, on the other’ hand, "is not 1n§1uenced by’ penphe:ah

resiatance (o Rourke, 1970) These _observations are.

s_upported 'by data obtained Dy Freis, Heath, ‘Lucksinger; and |

snell (1966) if what they called the ‘sarly systolic ‘and late

systolic peaks were; 'as seems most likely, ‘thé cephalit and




“systolic’peak. | ‘This is'what weuld

telative s

o the helght

the. mlerovascuxhture. especxally th resintance artericles.

Preis et al.(1966) clasulfied e1ght;

fnur gtoups according jvco_ ige, " and-, £ound t‘hat Aas‘ age:

1ncreaned

telatxve £o ithat of the early systoll_c peak until in.the

qmup aged forty to Eorty- ine yea:s t‘he two penks vere

‘height

almgst equal i

‘years the -late systouc peak; vas higher than the ‘early"’

be, e-xpected. hecau!e it

“:: 18 *nown that althongh -:arax.ac output decreases , per: heral

and in the agé graup over forty-nine .




r‘en"stance xncreaues with _age - “(Amery; Wiea, Bulg:n:t,

ot e e conway, Faqxrd iy .and neybmucx,,lam- De: Leeuw, xho.,'

o Fal e, vrkenhager, and Westex 197a~ Lakatta,. 1979).‘. Why

penpheral resistance, 1ncreasel wit‘h ge. is; not clear, But,

‘is prebably the

sesuit of chm;es ‘in the | micro~

knmm f hclw thege factcrs va!y " with age becagse ~sunpl,e

ava:.lable from stuﬂx.es ot hypertensa.on 'in * poth_ - human

anL\que!son (1975) desctibed t.wo -

. subjects and puze-bred x'ats.

Fomaw, “Hallback;

t_ es “of c‘nange Athe mscrova/sculamre found . to occur in

‘xespon;e to,a tise < in atterla],r pressure . The first o£ these - y
was ,rap:.d but :evernble hypenropmc media gx:’cwt'h in cha_ % oy

aie;x\ﬁce arterxclsl - This" was followed by & slower but’

cf 1ntm‘cel1ular ‘confiective  ‘tissud e

ﬁ'espécialiy"«cﬂ;.aggxi). wmch strengthe éd the" wall. maeé'

‘utru-:tu;al ‘changes: raxsed peripheral reaiur_ance evén at

maximun v Acdxlatinn, “‘and’ the athors hypnthesized xhat.

th,zse ; a].on 2

were responsi‘ble “for, ncreased Pet:,pheral

_.rpu).stance z Hulvany, ‘Hansen’, . an

* the same ' cenclusdon. fiom ", their uwestigatxcm g

‘Raikjaer (197&) -cameito

£ * the.

hypertenaive’ Tat

“vessels of spd 1 Vihen,




§ a 45% greater

£y th

S

resistance veuels ere " measurnd at constanz;présawra,. thn;"e'

of spom:anaoualy hype:: naive’ rats “had Va"){;l smaller Lunen

diameter andr 49% thicket’ medla‘xayer (Pc.01) than those of

w“mz-xyov.o ?omotensive -rats. .- The spcntaneously. ‘hyper—

tensive rats had four layers of smoot:h muscle celln instead

of three and’ the;e would Tave. beex;, able tn contzact’ againat

tructural - |changes, ;'

had essential hyper ion. . marelin gen;  Neilson,

ind Tx:ap enser (1978) £ound rsauc alsténsibid ity og the -

‘resistance. vessels “in. the sxeletal musules of 'hypsrtEniive R

human snh:ects as colnpax‘ed vu.t‘h those of nomntensive nib— 3

3 jecta. 3 Prewltt and’ Doiell, (1975), int ‘comparative study of :

. spnntaneOusly 'nypertensive rateana’ Wxstar—Kyoto rioro~ ¢

t-_ neive rats. found that e increased. artaxinl presaur of

hi Former . was, not. auociated wn:h ‘an’ i cteased cax‘diac

l.ndex but rather th'h an. mcreaaed vasod:.lated pezxphaxal,

reusr_ancs,’ »mh Sndbabmad whih ags: bdn four to ‘fourteen.’

" wels in: both atrama.

Wistaf~Kyoto '~ rats, from 0.19 '0,47.

the’ spontaneously hypertensive rats.

ﬁrc\lgL_O.lE to 0 36 mﬂg‘min'kglm‘_l-_ i
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' evidence to suggest ‘that increased peripheral resistance can -

20

- .y i
The aithors concluded thal because the . vessels were

maximally dilated,. the differgnces in peripheral resistance

were: due to différentes -in the stfuctuié of the micro-
vasculature bétween the strains, and betweeh different age
3 g

groups within ‘the strains.

in addi.ti.on to -the evidence linking changes in e
peripheral resutance with changes in the "internal diameter .

and, wall propertids of.resistance arterioles, there is ‘some

alséibe produced by ‘a réductioh in the nunber 'of the resis- .
tahce’ arterioles, -Hutchingdl and Darnell (1974) found - that

the number of small arterioles was reduced by almost 508 in

the cremaster muscle of younq epcntanecusly hypenensive
rats. Henrich,,Hertel, and ‘Assmann (1978) obtained similar. .

Fesults “erom’ - fhe " resenteric vessele, of pontapévusly r

hypertenslva x.'ats with established hypertension. '@ - - - R, LR

penp‘neral resistance Pisahande” waed ‘reflection) is -. ]
also yx’ofcundl»y influenced by blood viscosity: ' peripheral N

.i’esiatahcé has “been found " to 'increase directly with an-

:.ncrease in’ blodd viscosity whedt vlscosity was meaaured at a .

low shear 'rite’ (Dintentass, 1976, PP 29, 186-87) ... -Blood

* viscosity at a Tow shear rate depanda primarily upon the

eryt‘hrccytes: « ‘the’ ’nematccrit, the degree of "aggregation,

and, the’ propertles Of ‘the eryt'hrm:yte membrane and. internal

contents . (Dintenfass, 1976, . pp 16-22).  All -these fal:to::s.’
are ‘particularly important as blood flows .through .the




¥

microvasculature.

measured-at a low shear rate remains comstant from youth to
014 age,
of current or approaching disease " (Dintenfass, '1976; p 4) %
Accordlng to Dlntenfass ‘blood wigcosity Tedsufed at ‘a. low
‘ghear "rate. is increased by, hypoxxa (p 15), Vlowereq blooa

temperature: (p 94), ‘.the release = of: ’‘catecholamines .

(p.235-37), elevated blood cholesterol. levels  (p 93), the

presence_of ‘infections  (p°28); diabetes  (p 133),  a high

hematocrit (p'249), soking (p'248), ‘and by ‘chronic over-

indulgence. in alcghol (p 252). . It is peﬂ;ap's-signiﬁcam

that

nost  of -these (factors: are also Jniown risk factors in

‘cardiovascular disease. The factors producing an increase

in blood-.viscosity measured. at-a low shear rate may play.a

‘causative role in'the development Of cardicvascular’ disease, <

either by reducing 'tissue perfusion in -the marginal areas

supplied by arteries, or through the hypertensive and flow-

related effects “of. the . increased reflectmn coefficient -

resistance. g « §

2.

part,

expected' - to result from | the ﬁ)ncreased peripheral

Lok

, i P

The ' factors affecting the shape and duration of "the

anacrotic slope: pulse wave velocity, left ventricular

#jection time and peripheral resistance

Because: ‘that vhich affects the whole also’ aifects the
it can De hypothesizeéd that pulse wave velocity,

In healthy individuals blood viscosity

and any’significant. change' can .be taken as a &ign = .

i
1
i

i i)
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left: ventricular ejection time, 'and peripheral resistance

also ' ‘affect the .shape "of .the nonlinear porfion, of - the.

unacrétic slope ‘through the. same mechanisms by which, they

affect - the" shape* of the -entire mml:.nsar brachial artery

pressure ‘pulse wave. However; it was found that in effect

this hypothesis had to be sxpandad to .include the duration

of the encire anacratic slope, because the only measuremem:s

‘aviu.lable in t'he literature which related ‘to: the’ shape of

,the nonlinear’ poruon of the “anagrotic uope were  measure-

,ments of "the duration of the, dhive anacrotic’ slope. ' The

is as is’ : "Pulse wave -velocity,

‘left ventricular - ejection. time; and peripheral resistance

affect ‘the' shape and hence 'the 'duration’ of the: entire

anacrotic -slope ‘through the same.. mechanibms by which they

affect: the shape of the nonlinear portion of the brachial

artéry pressure pulse wave

Two: points 'should:be remembered with respect to his

hypothesis ~ ;
1) Although the hypothesis speaks of "tHe duration of the
entire ‘anacrotic siope",this measurement primarily re1a£es

to t:he shape: of ).t!’ nonlinear. poztien because the' return of

ref_lected waves, ch determines the duration of the enure

anacrqtie’ alipe,. dbfedtaonly lts nonlinenr portion“k
2) - Rodbard's' method provides -a. simple noninvasive deter=

mination of the duration f the  anacrotic: slope, and  this

present . thesis is. concerned’ witn,' an . eviluation . of
. 3 ~ ;
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cardiovascular data obtained by Rodbard's method with. a view

o' determining from 'i:he:nvthe vdlue. of Rodbard's method in
epidemiological ‘research. 2,8

Vatious aspects Of.the hypothesis will now be examined
in dar.aa.l hecause oE fhie complesity of he " subject:

The duration of the entire anacrotic slope is the time

taken for arterial pressure to rise from its lowest level

- (diastolic: pressure), to -its highest level [(systolic pres-

sure)t . If the above expanded hypothesis is true, this

duration  is determined by whether ‘it. is. the.- cephalic

reflected wave, the caudal reflected wave, or a Gombination’

of .the two that produces the. highest“pressure. When the
cephalic refylect‘ed wave produces’ the hi'ghest pressufe, -the
duration of ‘the anacrotic slope is close to the ézrival time
of the Cephalic mﬂ'eeted wave (sed figure 4a), vhich ‘is
determinéd by pulse wave velodity, and the distance ‘to 'the

cep'haliC‘ reflecting 'site 'from the point of measurement.

[When the caudal reflected wave produces the highest  pres-

sure, the duration of the ama¢rotic slope will bé.closé to
the ‘arrival time Of the . caudal reflected wave (see “figure
4b), :which _is' determined by pulse wave velocity, and the

distance to. thé€ caudal reflectmg sltee‘rom the pm.m-. of

_maaurement. When ' the - ceyhalxc and. the  daudal reflectéd

waves " cofibine. to produce the highest’ pressure, the durauon
of ‘the anaczauc slope lies somewhere between the a:rival

times “of “the cephanc and caudal reflected waves (see ﬁgure
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‘c. . The cephalic ‘and caudal reflected waves combining to
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Figure 4. A diagram to illustrate How the time of
arrival of the reflected waves affects the duration of
the anacrotic,slope (D). . The arrows- indicate the time
of.arrival of the cephalic (I) and;the caudal (I1)
reflected waves. -
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.aistance to 'tﬁeir respective reflecting sites: .

" J

4c), Which are determined by, pulse. wave: velocity and 'the -

Indsmuch ‘as the cephalic' reflecting site 'is closer “to

the pcint cf measurement than is the caudal reflecting site,'
the duration of; the" anacrotid” slope will always be shorter ,

when, the Tighest pressure is produced by. the cephalu:, as

opposed . to ' the caudal,_xjeﬁlected wave.. -The cephalic
reflected ‘wive returns-.to 'the point of .measurement 70-110
mse¢ afte the foot of thé pressure pulse wave.when it has

travelled at 4« 7-7 5 m/aec to and from the cephalic reflect-

ing sxte, whereaa the daudal reflected wave returnsiito ‘the

point of measure;qe_nt 1102200 m/sec after twe oot Gf the

“pressure pulse wave when it:has travelled’ 'at 4.5-8.0"m/sec

to and from the caudal. reflecting site (¢alculations based

on values presented by McDonald [1974;, p.4181 and’ Mills et

al [19701)»

This méans that

1). if the:duration of the ‘anacrotic slope.is 70-110; msec

the cephalic'. reflected- wave is producing. the -highest
pressure; 2 )
2) . if the duration.of the. 'anacrotic’ slope is 110-200 msec

the caudal’ reflected wave is

and ) v o

3) .if the duration of -the anacrotic slope’is 90-120 msec

both the cephalic and the caudal reflected waves may be com- *

bining to produce “the highést presssure.

roducing- the highest pressure; .

i

ki
)
i
|




alyays be détérmined for ‘certain which of the reflected

9

It is’ obvious from the Gverlap of values that it. camnot -

Wqves or - combinations of waves. is ‘responsible  for the high-

est pressure where anly the anacrotic: slope ‘is available: -

The! ‘tHEds, EAcEGEH, which, by affecting 'the reflected
waves, affect''the shape Wnd duratioh of. theé anacrotic slope
are pulse wave velocil:.;(," left ;aengi—icular ejection time and
_peripheral resistance. ey =
'1)  changes in_ pulse wave veloci:y (aue to changes in the
cond;.tmn ‘of the an_e:ies and leve]. uf dxast_ouc pressure).
by . changing the arrival fimes of the cephialic and-caudal

reflected waves, ‘change, the' shipd .and hence fhe duration of

the anacrotic slope; -

2) changes in left .ventricular ejection time (due to:

changes in heart rat& and the strength of the cardiac con- .

traction), . by ~changing -the strength ' of.  the <cephalic
S 3 h r;
reflected wave, change the shape and hence the duration of

the’ anacrotic slope; . . o

3V changes in’ peripheral resistance (due to changes in the
‘microvasculature, blood viscosxty, vasoactive n\edlcatipns),

' by changing the strefigth of the caudal reflected ‘wave, may

changé - the shape and hence the -duration 'of. .the anadrotic

slope.

; | ” [ i e .
It ‘must De remembered, however,  that - these ' three

fagtors do not affect -the anacrotic slope in :.eolauon but.

in cofcebt..: Thus,. £5¢ example, when pulse. wave velocity u

‘
ORI e, T L S



T oon
low, &’ moderate degrée of peripheral resistance may act
togetheér " with ‘a long .ventricular e]ection time’' (and. its

4 . associated weak cephal).c reflecte&’wave) to ‘cause the caudal

pedk to be higher than the cepha}.ic peak and thus Tengthen”

the duration of the anacrouc slope. ‘On’ e other hand with

cephalic wave) a much higher degree of peripheral Iesxstance 4
. ! is'req'(xired ‘to cause 'the. caudal peak " to be higher than"the
“Géphalic’. peak -‘and thus ' lengthen  the ' duratign of the
Vvan,acro‘tic slope. ' : e
Thus far an examination has been conducted into ‘the .
effect of pulse -wave ‘velocity, left ventricular ejection
1 B N time, and- peripheral reslstance on the shape and 'hence the
e Quration of ‘the anacrotic slopé. - 'To test the hyguthesia
that these factors, which affect the entire brachial artery
preséure pulse wave, affect.also the shape and: duration 'of |
the ang’c‘z‘n(’iic slope and in the same way, it remains.to be
seen  whether  various changes in the " auration of the
% " anacrotic slépe reported finiEel. Titeratush: iwithaat sal
adequate explanation “of " their underlying “cause can be
explained 'in' terms of ‘the hypothesized effect of these three .

factors on 'thé duration of thé anacrotic slope.

i. - Age . 1 i S, ¥
‘When, intra-arterial pressure was measured directly the
. Guration -of ‘the anacrotic slope was {ffound to ‘increase

a short Ventricular:ejection’ time, (and its asscclated strong

|
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Significantly with-the age of the subject: ' it was 94%31

, msec in a ‘gfoup of twenty subjects aged twenty to thirty-
seven years. as' compared with 129%40 msec for a group of

" twenty ‘subjects ~ agéi thirty-eight . to' eighty-four years

I
L
i

£

(Hancock and’ Abelmann; 1957);. it was' 91%¥20 msec for'‘a

group of sixteen men aged ‘sixteen . td twenq}-axght‘years as

fifty ‘to. seventy- five: years .(bontas® ana Cottas, 1962); and

it was ‘80%31 msec’ for thirteen subjects up .to ten yeats

f age, 120%33 ‘msec “for thirty-nine subjects .aged ten to

subjects’ aged forty to seventy

1ine years, (McLean et al,

1964) N ‘!‘hls increase in the duratlon of the anacrotic slope

“ultn aqe reported hy “the authors without “an explanatzon of

: ‘the underlying wmechaninm o bb explained in terms- of the
. 't ; present” hypothesis ' as . follows: -  Peripheral resistance
: increases with age (Amery et ‘al, 1978; De Leeuw et al, 1978;
! Lakatta, 1979), -and- an increase in peripheral ‘resistance
increases the strength of the caulal reflectéd wave.' When

i the: caudal reflected wave becomes strong enough to' produce

. ) . :
increases, to 110-200 msec - from 70-110 msec, -which is the
duration “when thé cephalic reflected 'wave produces’ .the

highest pressure(this.thesis, pp 93-95).. It is reascnable

.. .. to assume that the duration of the anacrotic slope increases’

_ compared with 135224 nsec for a, group of ‘ten men aged

thirty-rine - years, " and 160#45 mséc for  ‘fifty-seven

the highest pressure, the durdtion of the anacrotic slope”

in this why only 'in those. individuals.in whom peripheral -




resistance is high eno
to form theé highest péak, and that. it is the tesultxng‘long
durations of the anécrotic slope of these individuals which
increase the means and standard .deviations of: the qroups as

age increases. U ;
; . ; |
When arterial pressure . was - measured ‘indirectly by-

Rodbard's method (Murata et.al, 1976) the 'd‘nratio'n 6f -the

anacrotic’ slope’ vas again found to 1ncrease with age of the

‘subject (see Table 7). Using the same nne of :euaons,ng as.

in the previous | paragraph,

explained’ in’ terms of the hypothesis. - It /should be/ pointed

out that it is likely that the presence of the inflated cuff

eliminates ‘the brachial reflected wave for  that a’m, with

the result ‘that the anacrotic slope provided by,/ Rodbard's

method' represents only the . sum’of the ineident/wave, the

cephali¢ wave from the head .and the other -arin, and thé .

caudal reflected wave. - (This  absence  of part of . the
cephalic reflected wave when arterial’ pressure is measuxed
by Fodbard's: method' may accoumnt to some ‘extent  for the’ vay

in  which = this'  rettod - connsten:;y underestimates ™,
intra-arterial “systolic pressure [this thesis, pp 6-81)
ii. Heart rate - :

A Althoug‘h no mgmncan: relationship: betwaen G€ sex "of -

the subjecta and the mean duration of 'the ' anacxotm s1epe'

g e &

to cause t'he caudal reflected v’wave

these' increases  can again be.. :




Table 7. -The duration of the anacrouc slcpe in' sinles Jana

) \ .. females ;at rest' in the supine position, classified
dnto eight groups according to age compiled from.
o R ‘Murata et.al (1976). sl e o I s
. Males - ., " !’ Females
QKS-QKD  Number of - QKS=QKD -+, Number of
fmsec Subjact.s 7 msec) . . Subjecta
o724’ - 5 7.0 Ldotiz. o5 ek
& 8417 . 190 . 0. g3ta0
- 98%14 48 ¥ 104317~
107417 19::: 110314 7 %
. 104%17 11 < 119%28
127432 10 © 13525 7
12336 A 7 '1‘54123

=
o
2
[
8
)

1524327 © ¢ 13

Using he. duration of thé anacrotic slope nf the. groups aged..
twenty. to twenty-nine years as ‘their' basis of .comparison,
Murata et al -(1976) found, that -the: duration was  signifi-

years of age. . The difference in duration betweer males and
-+ femalés was not axgnxfxcant. -

oS

cantly longer (P<:0l) in both males, and females over fifty '
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Murdta ‘et.al, 1976), Di.Costa et al (1973), using, Rodbard's

method, ;8id: f£ind 3 significant correlation ' (r'=.-.43,

P<.005). between the- duration of the anacrotic slope and

+ rate in meir'éroup_of‘forty .men but not in- their

group ‘of furty women. .Because of .the shortness of the

i " duration Jinvolyed (99*25 mseé) ‘it does mot seem likely

- that t:'hx.s correlation can be explained,‘in terms of ‘the.

hypothesis.v The most " —prahahle axpl.anatlon is It‘hat

aﬂrenezgxc ntimulntxon of the heart in a proportion of the

mue aubjects vias hig‘h eneu h to, cause. both a faster heart

: rateand.a fastet rise: (ang hen_ce an.earlier peak) in the

jgnigicant relations;up “Fotioen  tne .

'acrocic slope‘and “heart  rate in “their

ncnesn ‘et 5 .(igé-n'

putiantl x:lasa i fied

Tias been found (McLean et al, 1964; Da Costa et .al, 1973; ™




Freis ‘et ‘al (1966), using a’carotid volume recorder; found

that: the dupdtion of the anacrotic slope was essentially the-

same in fatientg with dtherdsclerotic complications: as -it

was'in normal gubjects of the same age. However; one Of ‘the "

findinés reported by McLean et.al (1964) calls +for comment.
'l'ha authors subdivxded ths patlents with llu.tral stenosis and

aortic. stenesis mtc those vntho\:t,-anﬂ those  with, ‘a

shoblder i ene anasrotfe Totoger, (] shoulder 'is a

- .

d_uia&iqn

bend in the crotic slope.)
5F the shscroris slope 1ncraased frcm'llu msee . (mitral.

snencsis') and 130 mséc (dortic “stenosis) for patisnts. with-

olt a shoulder in the anacrotic slope’ to. 190 msec umr.h

COndlthns) for pat).ents wu—.h a’ shoulder ’in - the anacrcuc

slope. This .inciddse ~in’ the duration - of the- anacrotic”

slope,ix'e;Q\r'ted by the a“ut?mrs. without ‘an explanation. of “the
underlyl.ng mechanism, San be explained in 'terms -of = the
hypothesis if the patients with-a shoulder’ in the ‘hnabrotiy

ope also had’ iheir peripheral resldtanse. 5o Hilh: that ‘the
caudal. reflected’ wave' produced the highen_préssure. and “if

also had a pulse wave velocity so.low that this caudal

reflectad wave returned 190 mséc after the foot of the pres-

'auxe wave:  1It'is slgnihcant, therefore, " that abnormally.’

high' peripheral resistance ana abnormally’ 16w diastolic

- pressure (with vhich is associated low pulse’wave velocity)

are’. botn characteristic -of a.dvanced mitral' .and ‘aortic

stenosis.




. or aortie stenoais. However, ince. ‘the duratgun of Ttne.

70" stmmarizes e E;ictors affecting the shap’e of 'the

szxgated.

entire brachial artery pressure. pulse wave were 1v

and were determlned w be' pulse. wave: velocxty, lete ventnc—

ular ejection’ time, and penpherax resistance. xt waa then

'hypothesxzed hat these’ same @ctotg'also AFEadt. e shape“

1. .the - same: way. o

and duration of ‘the anacrot ¢ ‘slope: and
The implications ~of" this ‘wers

suppcrt for the hypothesxs carie frum the £i ndmg mat u

could be used m explain the incredse m thg,,duxacien nf the 2

anacrotic slope wn:h ag%- nd the ‘presence. of: 'd’ a'mumer in

the ‘anacrotic slope o a ‘proportion "of ,pauenu with mitzal

anacrotic. slope-, was st " found to’ vary -significantly. wgth-

‘caraiovascular P \:.v. would seem that this measurement

will not prove a usefuﬂ tool with whlch to Bcreen popula-

ions™' for cardicvascular disease. . It may, however, provide.

an indication of,tpe iprogress ‘of age-related 'changes in-the
peripheral -resistance and. possibly the pulse wave velocity °

'af-‘individua’l'sub’j’ecu. No' prospective. studies designed to

;nvestxgate t'he relationlhlp between the. durati.on of the:

anagrotic slop and subsequent cardioyascular heauh 'nave

been repurted.




The rélationship ‘between  'the anacrotic ' uope of - the
brachial artery pressure p\llna wavé and. blood flow. . -

) . Although premsure . can’be fai more . easily measured,

blood flow  (volume, .velocity, duration, and denmauen)'
-is’ the more important factor in Garaiovasinlat - hepith.

Corisequently, if. the gradient of the mn—.u‘i Hinear portion

and/or the duration of sha Seadgoric slope of ‘the. brachial

artery, presaure 'pulse wave can be shown to ptuv:.da informa®

tion, on .one ‘or more of the aapec!’.n of blood flow in addit.l.on
4

. to ‘the “factors affecting blood pressure, the valqe of

‘Rodbard's method .will have been enhanced. -:The possible
. ¢ -relationship between’ the initial, linear portion and the

duratxon of the anacrotic slope and blood flow w:.ll now be

consideréd - separately.

Pirst thére will be 'an evaluation of i

8 t'he i icial, iinear portion of the anacrotic slope ‘of ‘the
prezsurs pulse vaupaze- “an’ index of the -power, available to
dxive /blood t‘h:cug‘h the resistance. artericles. Secondly,

inaamuch as both the blood -velocity wave:and the pressure. |

pulse wave are atrangly influenced by peripheral resistance

and pulse wave velocx.ty, an “investigation will be made into

the -po\qu.bi’lxty of estimating the shape Of, the velogity flow

f wave frop: information on. peripheral resistance iand pulse

‘wave.velocity ~provided: by the  anacrotic . slope ' of- the s

bz"achia‘l,hartery pressure pulse wave.
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a. The initial, linear: portion of .the -anacrotic slope
and blood flow . ¢ 4 ‘
_Because pulsatile flow is a more’efficient method. bf

driving . blood through -the Tesistance arterioles than' is

nonpilsatile 'flow, the’ ic: slope’ of the re’ pulse

wave, vhich is provided .only by the pulsucus flow system
wlt‘h its fluctuations in- pressure, may prove & useful index
of. the ' power ava).lable 6 drive blooa (thmough the resistance

artenoles «

Both pulsatile’and nanpqlsat).le £low eygtons; have ‘been
extensively .inveskigatea in connectl.an with cardiac by—pass.

" surgery. Althnugh some* studies found no signlficant dlffel‘—

ences between the . 'two - systems, the overwhelming weight .of

.eVidence indicates . the overall metabolic and” hemodynamic

superiority  of pulsatile = £low. - (Wilkens, Regelson, ~and

Hoffmeister, 1962; Trinkle, Helton, Wood, and Bryant, 1969;

Shepard and - Kirklin, '196

and . Gott, 1969; Taylor, Bain, 'Maxted, Hutton, McNab, and-

Cavés, ''1978; . Taylor, 1979). When Sanderson, wughc, and’

sSims (1972) used 'a pump capable of giving pulsa préssures of

25290, mmig in 90—150 msec, they did not find the coliapsed

capillaries. which ‘they. had found & after nonpulsatile

perfusicn, and they also noted a reductxcn in ischemic: cell
changes. The regions of "the" brain most affacted by these
{achemic cell changes were in the .cerebial _cortex. and
‘cerebellar Purkinje cells,’especially in the boundary -areas

Jacobs, Klopp, ' Seamone, Topaz,

|




{
i
i
1
i

S

§ ) i 106

of major cerebral arteries. - It ‘was suggested by- Dunn,’

Kirsh;

pulsatile flow emhanGes ‘interstitial diffusion by oscillaf-

ing all fluid boundaries.and-by ensuring the patency of* the .

end -arterioles which tend to collapse  diring ‘ronpulsatile
perfus.\.on. >

quantitative stidies of 'the  optimum pressure pilsé

Tequired for adequats tissue flow incardiac bypass surgery

‘TaVe been reportéd, but' when'normal arterial presstre, pulse

_waves and flow velocity waves are compared . (McDonald, 1974, -

P 119) .it “can.be' seen. that both rise rapidly ‘to. peak in

early systolé, and that i o e reached at the point

at which the ahacrotic lope. of ‘the ' pressure: pulse .wave

ceases- to be’ linear. . 'After thﬂa point flow .declineés

"'although pressure may continue to increase. 'The importance . "

for, adequate tissue. flow .of. this ‘early sharp increasé - in

pressure was' borne ot BY the observation of xiainu (19%66)

that' auring cardiac ‘by-pess’ surdéry maintesagoe of ‘asteep

Igradient of the brewsird pulse wave repulted’in inormal blood

TpH values whereas slurring of the gradient resulted 'in lower.

pH values. = Jacobs. et al (1969) and Sanderson et al (1972)

both; emphasized that the ‘gradient of the :.n).txal, linear

“portion of ‘the adacrotic . slops, of the ‘pressure pulse wave
was the rmost- important. .factor to. be duplicated when

Producing pulsatile flow .in.cardiac by-pass surgery.’

.Harness, ‘Carroll, Straker, and Sloan . (1974) that
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It is. reasonable to assume from general principles that

there is' an optimum.range of gradients fdr the -initial,

linear portion Of the amacrotic slope of the pressure pulse

that is"most.efficient for maintaining adequate tissue flow.'

It is possible that low gradients may be. inadequate for;
tissue flow and require circulatory  modifications:.which

reduce eirculatory’ reserve capacity, while high gradients

may be too efficient and reqnx:e cuculamry mogifications

_to prevent excessive, tissue flow.

From these' cardiac . by-pass. studies, . it would, appear

’paas‘nue ‘that ‘the gradient of the initial, linear portion of

-the anacrotic- slope JE' the pressure pulse wave ‘can be .used
as an mdex bt the'.power available: tor-drive. bloed paat the

‘resistance arterioles.

b. The . shape of . the ' anacrotic nap‘e' ‘and . ‘blood
. flow. A e - QO .

As with. the’ pressure pulse’wave. a' praportion of, the

always added to the incident ‘pressure wave, a reflected flow

_wave_ Feduces the"incidenz £low wave in the sime artery while

plee. However, ‘nlike a reflected pressure wave, which i

“tending. to l.ncreusa flow in the vascular Junctions (Mills et &

:al, 1970 0 Roux‘ks and’ Alvolioy 1980) . ’l'h15 nearis

a pressure wavs reflected from the hind-linbs:
increases pressure’ in the arteries Of the ‘hind-limbs; the

forelimbs, . the  head and;'the  heart, a -flow wave ' reflected.
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from the’ same 1o.:amm reduces. flow in the arteries of: the i
IS
hind-1inmbs; but indreases. f£lov in the arteries of ‘the

forelimbs;. "the head.and perhaps' the heart (Mills et .al,.

wofdy, e R VR :

o'Fourke and Taylor (1966). demonstrated modification o

the - incident ‘flow wave by reflection. . When they produced i i

e pbray vasodnauon and’ hence reduced peripheral ‘resis~’

tance by injecting acety!.chol:.ne ints the feroral artery,

the' mean, blood px-essure in AHis artery fell from. 107 mmHg to

94 mrl!ﬂg becay

‘sire” wave -was reduced. | Mean £16v; however, mczeusea from

the positive effect o the reflected pres- . f .
!

1.08 cc/aec to 6.93 cc/sec because t‘he negatxve effect ‘ot
tha_seElagtind eiod ave- wes Blses feduced.  These findings:of
o' xogxxe and - Taylor (1965)‘arg supported by results obu;ain,sq
by . Lee, Ca;tiflc. and Héﬂdeél (19703, ' Rittenhouse ‘and LS ey
¢ .. Strandness (1971); ‘and Ritteimouse, ‘Maivper; - Burr, and
i xa;‘mes_ (1976). . These .authors 'ekplained . ‘their 'x'gauus i

t take

-: .. terms of changes in periphieral resistance’ but aid

~the further step of ‘associating thia,wich wave\teflection

' Bedanse: wave réfléctio /in  the  femorsl arteries ia .

16 fqr‘pvart‘. Of ‘the; stiength of the caudal reflected 1

p:easu!‘e vave-seen in'the b:acmax artery, .the effect of the o

pttein of’ £low in, the

A T s cnudal reflected  £lov wave pon) :th
il brachioccph-&lic artery was 1nvest1gaced. * {there’ was little

_im thé literatire for. the. brac‘hxal artery itself,  and thé




brachiocei»hauc artery, like the brachial ajcee:y. exhibits
the flow and- pressure patterns’ seen in. the npper body )

O'Rourke and. Alyolio (1980), using c‘heu own data and

* those - published by Mills et al (1970), described in:detail

the changés in. the. flow wave of ‘the brachiocephalic artery
which. ‘were  produced by cephalic and caudal reflected- flow
waves:  the - cephalic' reflected flow , wave deceleratéd the
velogity'and 'shortened the: durauon of  flow in" early

systole,’ whereas the. uaudal reflected flow wave ‘accelerated

the velocity and le_ngthened the duration of forward flow. in

return to. the point ot

- labelled- these

late ,$ystole. ' As<with reflected pressuré waves, the time

taken £0r these cephalic. and caudal reflected flow waves to .

“in ‘the brachi hali

artery and hence also the “velocity and auration of £low; was..

dffected By pulse wave velocity: . when pulse wave vel\,g;,ty
was ‘slow Doth ‘these feflected waves returned .comparatively

late and ‘the maximum velocity and duratioh of ‘flow were high

| {see figure 5a); when pulse vave velocity was ‘intérmediate

both thése reflected flow Waves retufned at an-ihtermediate

time ‘and ‘the maximum velocity and duration ‘OF £low were

Lntermediate (see ﬂgure Sb)y when pulse wave velocity was

comparatively fast ot these reflected \flow. waves “returried

’cpmpa(tatl.v!ly early anﬂ the maxlmum velcclty an auration of

£loi - weke 1ol (s e figure 5c¢); . Mills et Al (1970)° haa

of flaw waves as Types 111, 1_1,‘
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' Figure 5. ‘A diagram to Lllustrate .the- changes in the brachial
artery blood velocity wave which result from chanqes in
pulse” wave velocity. The-arrows indicate the ti
‘arrival of the cephalic (I)-and the caudal (II) reilected
waves.. The stippled area indicates- the incident blood .’
veloc:.ty wave.
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and I respectively.’  Type III is typically found in. young, '

normotensivé adults and Type I' in elderly, hypertensive

adules, T : o

From the foregoing it ‘can.be ‘seen v_t'hat the velocity

flow ‘wave s, . like " the pressuré .pulse wave, strongly

influenced by wave rgflection, which is in -turn strongly

influenced’ By peripheral resistance. and pulle wave velocity .

" 1t7is thus possmle to estimate the shape: of - the velocity

flow wave' by. eutimatinq peripheral: «reulstance and pulse, vave

velobity, from  the: entire. brachial artery pressure pulse

wavel.  However, peripheral resistance ahd pulse wave veloc—

Aty can be .estimated from the dnacrotic ‘51656 alone only- in’

‘those subjects whose peri 1 resist has i sed to

ot Blood: flow, vas investigated,

tHe stage “‘that it" pushes the caudal  reflected’ wave high

enough/to- form part of the anacrotic slope. - (The:cephalic

wave, 'it.-is ‘to_ e remembered, is probably reduded by the

présence of the infiated cuff - this 'thesis,~p 99.) hus

the . ar.acrouc s1opé provided by Rodbard's’ memoa' is of

limited usefulness in. e!timating t’he shape of the veloc
Flow wave. 07

1o aumrizé: “The possibility of wsing ' the anacrotic

vave’ " provided by

slope of - the brachial ‘prespurs pulse

Roabiad's ‘metlioh 84 ap; isdes oE one’ or more-of the anpects

* vould appear. that. the

gradient GOf the initial, Iinear’ ‘portion ‘of ‘thé anacrotic
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slope ‘can be-used as ‘am ‘index of the power available to
drive blood past ‘the resistance arterioles, but that .the
duration of. the anacrotic slope gemérally provides insuffi~

cient . inf on 1 ist and pulse wave

velocity fo make possible an estimation of the shape of the

Velocity flow wave.




CHAPTER II

. METHODS
W

The aim of this thesis, a5 was -stated in the Introduce

" tion (p 3), was'to test the hypothesis that fRodbard's method

is ‘iseful' in .dardiovaséula . epidemiology. ~, The miterials
were records obtained in 1969-70 in GBteborg, -Sweden, by Df
3 G Fodor. e ; \

The selection. of the subjects,’ the collection of: the
recozéa, and ‘the procedures used to read and analyse these

récords’ will now be described.

a. | Selection of thg.lllbjecn .
The ,‘records ' for three groups ' of subjects’ .were

selected for the purposes of this thesis. . -

1. The main group ¥

In 1969-7Q-as’ part’ of a -fully randomized. preventive

study. (Wilhelmsen et al, 1972) ‘1423 of - the. 1882 -men
/8 A

selected at ‘random £ron all men living in GBteborg and ‘born

1915-16 " responded: to an invitation “to a screening examina-

tion at which height, 'veight, -cholesterol, - blood pressure,

‘"ECG. and- some - interview - responses . (were) - recorded"

'(Wimumaé{n, T4bblin, ‘and Werkd, 1972).. This examination

was performed " after -a Grorkmg day between 4:30 PM' and ~7:00-

e

pM" (wu},emsen,_ Berqlund, Further,




. ventivp study are to be f‘una 1n Be: 'lund, wuhemsen,

Werko (1974); B_ex‘glum_'],‘hnﬂer!sp rand W,\__lha'lmssn (1976);

. " Berglund, . Wilhelmseri, Sannersted ahsson, Angerdson

,siver:"sson,: Wedal, ; and wikstrand (1975)7 Betglund ;

and Berglund. (1979).%

155 mer alsn 'haﬂ' %

oF" those sc:eenea,

ing of a dié.

"replication for.factor anal;‘r‘si

2Y—ints two uneq\ml ’

group ‘was \a'gcereamea. Twent

cardiovascular: causes or ]

= myocardial infarction. or stroke. The ire_cord\ of ‘thie group

of ;subjects (designated the C‘subg’raup vere cumpared With o

i valpe. (Information' as to my w—rn a1 infarctio s

i b and strokes. were obtained -from 'the ‘City = of ‘GSteborg's




epmemmlugy

:the
carried out lﬂ th].! thesis.

for

e retords’ of thi.B gr6

*factor ana!.ysls \and _thie covananca

e e

"anawau‘

0 .'be




_the factér “analysis and the covariance

The younger ‘ group
The younger group. consisted of . X g

L

cardxovascula:‘ disease and _fx‘mn whom Dr - J. G Fodor took
records: for control purpdse‘s in s'éce‘no:q. and
2) nine subjécts born 1927 69 whc lxkewise had no history

of lcardiovascular disease and “from_ whom the present author

" took records'in 1978in .St dohn' 8

This younger group was used to provm réplication for

Garried/out 'in this! thésis.-. ‘The. §t John's su\:qroup was
adged’ to tne adtevorg subgroup to provide: a mumber ' large

enough to be dealt with satdstactorily” by the ‘factor' and

covar iance anaxysxs ’!'he ‘were ‘Added "tc only

dfter a theck had been made -to. verify that there were no

differences in me-mans of ‘the variables  due to'the iristru-

ments used in, Gdteborg and in_ s: Jo‘hn 8. T‘he only signifi- '

cant difference (p<.05) was_for QKD,’ the ‘mean Of which was

20 msec shorter in' St J'aim's. Alt_hnug‘h this aifference -

could be due to xnstrumental fact.ors, ‘it 715 more likely that

it was due o the larger numher of subjects younger . than.,

twénty - who were . in the St John s . subgroup (r.'tus t‘hesxe,

P E0): (A table of the means and scandard deviatidhs SF the:

variables OF .tne. GBteborg and’ St Jnhn s subjects is pmvmed

Y in Appendxx Aip 259.) g e ki

jten . subjects “born 1924-55 who had no' - history of .

analysis: to be




Tdentification numbers

For the' sake ' of = confidentiality, uenciucation‘

nunbers were ausigned to each of the 190 subjects who ‘were

included in the’ stuay: Tha variables extracted . from “the’

records fof the:three groups are provided in’Appendic

c and D, (Pp zso_ss)- =

B Collection of the tecords

1. ,xn-ement-" ; N i

kS -xnuatahozg R ,' Sl ;
‘Dr J e Podor used ia 4-channel . Mingograph ~(zwx~ :4‘.

Elem—schonander) '

IIVof the er

Cnannel! 1 ‘of the’ machine re oxded J.ea.d

whnile chann 1's

by a mmxop'nane (zMT: 25 B) and panssd thxough, respectxvely, =

100 cps./ 50 cps, and’ 25 cps fu.r.eu (EH’I‘ ‘510" c)‘

ii.. Tn St John's i 2

i A* 3 channel élect iograp (1514c,

_Hewlett-Packard) was used.! . Chanhel ‘2 .of. the machxna

3 ‘recorded feda- 11 of ‘the. el. _while'.channels 1

and 3 recotded the, Korotkoff sounds after t'hey had been -
picked . up.by u‘vnylc:nphone (210504) “'and" passed’ through,

respectively, 100 cps: and, 50-cps filters (1514C).




24 oncudu:a-
In voth Gotehotg and st John's all the subjects rested

in the supiné position’ for at least.ten minutes’ before the

el fogram,’ £ 3 preséure, and Korotkoff

.sounds were :econtf. Dunng this tune the standard leads

of the electrocardiograph ‘were. applied & tha usuax way:

the sphygmomanometer cage’ 'was “positioned according to . the

gecormendationa " of the "J\mencan 5 Haan: “association

(Ku-)cendall, Burton, Epatein, afia Freis. 1967) ofr either the’:

| Fight or left arm; and a micrzp‘hane was poaitl.onad and rtaped

‘Lightly in pldce overthe brachial artery inmediately ‘distal *

to the sphygmomanometer cuff: (Care was taKen to see’ that

the microphone did not'press into the skin. )

’l'he sp‘hygmbmanomater cuff ‘was 1nflated fanually ‘€ a’

pressure 30240 muH§ above the anticibated level -of eystolic

pressure, and.the paper was set iq_motior‘.. The"spnygmmi\ano—
e v E )

- Meter:cuff was- then deflated,: and the standardization push-
.‘button of. .the electrocardi‘ogéaph recorde? was depressed at
,10 mmBg intervals,’ yn_h two - depressmns tade at the ‘100 mm.Hq

level The deflatmn was done’ manuauy in Gotgborg, but in.:

st Jorm s it was-regulated by a pressure release\ alve to

give ‘a deflation fate of 2-3 mmHg/sec.  (This pressure
reledse: valve did not provide a completely linedr pressure
drop but it did. standardize the*pressurd records and - make

them easier’ to read:) - Each récording was stopsed w Fow

seconds ‘after the last &f the Korotkoff deflections had beer

)




unique toRodbard's method,

19,

observed. - One récord was made for-each of the Goteborg

subjects, andl - four- records were made ‘for each”of the St

Johri*s subjects.'. i) o
of ially useful variables .fram . the

records - g : LR N
"Eleven’ variablées were. extracted. - from -the ‘fecords

because they were jidged to be important 'in describing the
Sivan”of ‘thasd varifblen vere

and if at ;‘C‘aﬁat one of them was .

anacrotic slope (Table.8).

found ‘to be useful in cardiovascular ‘progpdsis, the value of
Rodbard's method ‘as d tool. in. cardiovascular epidemiology
the .time

would nave’ been eetablinhed. A twelfth vaziame;

- elapsing’ between the onset of the QRS “complex and the 'onset,’

of the T vave of the EKG- (af), ‘was added to, aid the’

discriniinating pey}er of Jactor analysis.
- - N
1. oK time Lntervlll
I vThE LQK txme 1nterval .\B the tlme elapslng between /the.

appearance of .£he Q wave of ‘the qlect:ocardingaph record'

<and the beginning Of | the

100 cpe’ filter l:'hannel.

appeazanee Of. the-Q wave

Koxotkof £ snund defleet)un on r_'he

= T8 réference point used for the

was the polnt at ‘which the sharp,

upsweep of the uns complex beganﬁ' ('l'hxs po}.m: ‘was “chosen

because it was ‘the ‘most consxsten(’, and easily seen indicator '
of the  wave on'ail the records .and thus ‘mirinized ohserver -
error. )

T'he paper used was a,tandard: é16ctrocardiograph

e
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Table 8. 'Variables extracted from the records.

SP
Dp .

)23

ot

RR

LT

NT ~

NP

NA

A % B L st
Variables not unique to Rodbard's method
systolic pressure
diastolic. pressure

pulse pressure e

time from onset of .ORS cumlax untxl onset .of E' wave
of electrocardiogram 4

" cardiac cycle lenqthv

ariables uhique to Rodbard's method .

[ ‘time - from ‘onset of QRS. complex .of electrccardiogtum‘_

until arrival of ‘foot of pte!nu!‘e wavé at btac‘hl.ul

cuff )

gradient of ini’:ial}t rmear, partion ‘of t‘he‘ana’cz'ocic
3 = 7 - 2

duration:of initial, linear portion of the anacrotic’,

slope
duration of dnacrotic slope

duration’ of the nonunear portion of the nnacrotic
slope - : E

amount- of nonlinear’ pressure increase

area measurement felated to - the’ nonlinear portion of
the anacrotic slope’




ER
|
i
q

paper - with dark':lines at cenr.;uneter intervals - aRd ll.g'hter
unas “at millimeter mcervau.' Because paper. speed Jwas.

sténdaxdxzed at’.50- mm/sac, L cm of paper represented 200

msec. Q‘K time. u-n:ervals were determned to the nearest 10

msec. - 55 e} -

phygipomanc cuff . ]

cuff - pres was’ determined ‘at the

points on the record at which each of "the Korotkoff souna

déflections began. ‘The start of -ihe double ‘calibration was'

ised to- locate .the 100  mitiig «cuff ‘pressure Ievel. ana’the -

start of the single caubzaﬁons was-'uséd ta locate pressure

levels abcve and below -this level: 'rhe interval. between the

calibration. deflécticns, was then measured Jand bd:.vmed

.into ‘ten equal portions’ to deternu.ne to (:he neareﬁt 1 mmﬂg

/the pressqre in t)le cuff when eac‘h of ‘t‘he Kerotkoff aound

deflectxons began.‘ e w5 S L T

Syutolic prese ure and dintelic pta-lute * A\

The pzessures in the cuﬁi when the flrst and_ last

Korotkoff sound def]_ecnons began yere systcnc pressure
and dxastolxc pzesaure respectively, T (was ‘razs to héve a
problem 1dentifying the flrst Kctotkoff ‘sound deflection

(and henca syatclic p;essure). Howevé alrthough the 135:,

: Korotkoff . sound deﬁlection (an@ hence ‘afastolic pressure)
was. easily detected 'in’ most sibjects; it-was ‘aifficult to

determine in. some,: particularly ‘the youngest. .~ If.tHese:




LT the cuff when each ‘of t:he "Korotkoff aeuna ﬂeﬂections i, ‘l

) Eubjects Korct)mfi aound ;ieﬂect.iona were seen o continue
even when cuff preesuzes had’ fallen\ to unreallstically lnw‘

1eve;Ls, eg’ 20 uunx-lg. .For these subje:ts diastolic prsssure s

was, judged to be the preuure in. the cuff when the am,h.tude

dimnxnhad to a lvu.nor

“of! ‘the Kotutkoff sound deflect.{.on‘

nudge Of the-pen and no fuzthez, reduction in- thie: QK tlme

}.nterval Occurted- Pt

mmdmtm:mtamll - Tl e

After sysf.ol;.c and’ diastolic pressuze haa been deter-'

}nzned the - time . mtezvals -for. each o£ tnéde pressure!

“were, gs.ven the customary deaignauons ‘of: QKS and 'QKD respec- :

o uvely )

The guengnt ‘of the uuthx, hnur.‘éonxm _o‘fi the
77" anacrotic slope ; : = i

fhe QK tire, intervals ‘aid t‘he pressure prevailing in s ¥

began were plotted on qraph paper: 'nie x—axxg was’ uged fc{
S ad _the QK. time: intarvnls (:cale 1 oni/20- msec), and t‘he‘y-ax_xg - [
was. used f?r cuﬁg proasurea (acale. ‘1 -em/5 ni.mg) " Then the e

5 ‘eurve wmch was judged by eye'as - best f).tt'ng the nonunear - J

. portiéniof t.he & e 1upa was hahi in (figure’ 6)/

<. Allthe pomr_s her_ween 1h= base’6F thik hand—drawn line and.. . 5

axaa:o', < pressure . (as determned p'131) ‘were “then sn(‘.ared o s 2 B

(Texas \Instrumentsx

into ‘a calculator-grihter coiibination




(mmHg)

cuff,

. 120]

R
| eyscor E:essuze
140p.

.'123

(QKD)

_.-"_._._ B M L

"

'(NA) ‘area measuremenc,
 related-to, thi
“nonlinear port;mn of
- the;anacrotic -slope

o e Nonlinea: portion of the
1€ ey d anacrotic slope estimated
by'eye to-provide the best.

f£it, and hand-drawn -

tial,"linéar
i portion of the anacrotic: slope !

- calculated by regressxoh.analysis
'di‘ast‘uliu,,pressure.' S, ¥

300 - ~ - agg R
Q-Knrotkcff sie interval . {msec)” i .
Figuze 6 Graph to illustrate How the maven
Rodbard, variables. vere determined from the -
“anacrotic slope.

b: duratlon of the ahscrotic slop e

QK tlme\elapslng between the Q. wave of the
iogram-and t 'sounds

sz.g-naumg systolic-and dia tolic pressure |

NT:"duration of nonlinear -portion ; -

LT: duration:of initial, linéar portion

N ngnlxnear prassure increase .-




‘ anacrotic .slope, the gradiént pf this line, and the correla
tion ‘coefficient. ‘Only “ten percent. ‘of ' theiiines ha

;certelatlcm t:oeff)cients below ©

‘ing dlasholx

% dabetmlned By, ‘subtracting QKD from QK5< oo 3

* iprovided the bést fit for the initial, linear.portion of the

b st
783, “and ‘in the majority

of theae Lnstances this. was’ judqed by’ the ‘author:to be due,

to the error that resulted féam the dxff:culty in detemxn—

préssure whe_re the gradient was steep. ‘How-

ever, %5, Seduse subjective bias, ro adjustment-6f diastolic

préssure’ was.made and the“original vilues-were allowed to . -

napd. g W €8 g

6, The'"dufation’ of ~the.-initial,

linear. portion of the
_amacrotic slope r s 2

| The. duratlon Of the initial, Tinear portion of ma

anacrotic slope was detem).ned by subt':antinq QKD - £rom. the

‘point at which the line calculated to provxde the best nt

for this portion of theé ahacrotic alops érossed .the " ‘hand-

drawn ‘line of the nonlinear pon:xon of the anacrotl.c ulcpe—

(figure’e; p 123).

The dgi-.-uim o'f the ana rotic -1ope

The duration of the' . entixe anacxouc sxope"was

‘Nonlisear” tins, ‘noulinear pressyre, nonlinear area

Nnnlmear time ‘was determined’ by subtracung £from QKS

'the point. of time at wHich | the exsemu n of ‘the line




anacrotie slcpe (figure 6, p 123).

extension of the'1line calculated for.the initial,  lipear

calculated ‘for the initial, linear portion of the anacrotic

slope .crossed the  systolic. pressure level (figure 6, p

123).. . Tt *

Ncnlmeaz pressure was detem:.ned by snbttacting from

systolic pressure tie pressure at\whx.ch the line cnlculated

. for 'the initial, lxnear portion ‘of the anacrotic “slope

crossed ine hand-drawn llne of the nonlinear portion of the’

Nonlinsar: area was_ deternined by measur:.ng with -a

pl‘énllm,eter (397-132, Nu(nonics Corp) thé area bounded by the’

‘portion of the anacrotic slope, the hand- d.rawn line of the

ronlinear .portion,’ and t‘he line .marking systolxc pre!sux‘e

(see_ shadéd’area in figire 6, p '123). The mean Of three

measurements was recorded as nonlinear area. -

The. above three variables were measiired to quanugy the

vrmnlx.near pozt.mn of the anacrotic slope‘ rogt ‘

. .The QT time xm’.erval was me Lige elapsxng between the

onset of the ORS complax ‘and the beglnninq of r_he T wave':

of the elect:rocammgraph record.”

ments was. recorded as’ QT. QT was determinsd to provide .a '

"Heutral cardxovascular “variable- tc al.d t‘he dxscrnninat).ng

power of, factor analyluu.

. The méan of five measure— )




vy T E2 ahculd “be. noted that QT as’ measured in’ f_h).s thesxa

‘t'he, itté onwv

Assoclatian (Wilson, Ko‘ssman; rnuxch ‘Goldbexger, Graybiel, -

repolanzauon tie, which' 1t daes not include’.

E ~be fnn.hen noted that' the QT n\easurement ised in this thesis

would appea r' to provxde a more accurate mdmanon of - syip:

. t‘hetic nervous- ayateln activn.‘ than. the standatd o’r measure—-

e ment because ventricular xepolarization tim lengthana in N

response o ‘increases in sympacheuc nervuus system acr.xv:.ty K

at Mgh- "levels (Yancwitz 3 1966) Whereas the stundard ar.

¥
meauurement minus’ ventricular repolaz‘i:ation time ‘(e tne Qr

measursd in. this thqn.u) ahoptem m résponse to mcrea-en

in symp,athetc‘,nervous system ctivity = at: most levels

(’Sjnstzan'd,‘ 1'960)-. In. other wards, the 'l’.wO'parts Of ‘the

standakd u'r ‘meaguremént chet mes "move .in opposite  direc-
> DO eddhe - with a ;:hange in fthe (. level nf sympa:het_\.c nervous
syatem activity. ' ihe unsati.s{ac:ory natire of t‘he standard

QT meadurement., can i:e

Sr_ern and EBisenberg ~(1969), Abudskov (1976), ana name and’

Pu:kern:Ag (1577

. T 10.° caraiac cycledenqt;h BT

Cardiac cycle lengk‘h was. det_ermu\edrby dxv:l.dl.ng 20 000

msec by “the number of ‘R waveu nccur ing during a 20 “sec

Btrip of rqea:avx‘ PR S 2 P, 10

is shorter ‘than che tandard or > t rec oY

graphy of the ‘American ,Heart,

“ischt, and’ Johnston} ,195,) Ry amounte equal to ventrlcular.

t shduld 4

1 een‘ in" the -consucunq results . ct s




d " to. determine

- statistical . programs _us d
ariables extracted . ' .

*. tial usefulness of the

ALL statxst;calr analyses “were- 'carriéd. .out, using ’

aescribved

‘prograns in .The * Bipmedical ' Data: b

Manual (1979), xheu idy-made . p S Vwere prep by

the Health Splences compuung' Facility cf the Uhivarsity of
T, Culeornia 1Loa An'gslas),. . The . follovung prbgtams Gere T . i

N Tl T

used

BMDP4H fadtor. amalysis® . ¢ 1 °

mmpan . linear ccrtqlatzon e w® 8
- BMDP1Y "+ analysj,s of . vananca and covariance e
< BMDP1F . analysie f fnq cy tables i ¥ “'
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" usefulness_in-cazdiovascular epidemislogy:

4 % CHAPTER IIT

MECHANISMS AFFECTING, um\iamcsqns '

m ) EPL.  OF, THE

xx'rnc"sn’r FROM.THE RECORDS

{Aninvéstigation of me'literacuze that was useéful in

establxa}u.ng a theoretical unaerstanamg of the physio-

logical meghaniidns -affecting the vaxiables uni.quely provided

by Rodbdrd's method -has been carried cut in Chapter I. In.

section 1 of this chapter 'factor analysis will be’ used: to
‘detemina um interrelationships between these variables in

an at tempt to deduce wmchwof -the physiulugical mechaniisms

act,ua-!.*y ai{ect then. TTn aectxon 2:dnalysis’ of covaridnce !

will:'be used to check” the g:onps of subjects ' studied for

‘aif c ’in the -4

Yationships of ‘these Rodbard vari-
abl.es 1n an attampt ta detetmins whlch of. Lhem I\Ave the

pctanf_lal to l.dentify ehanges’ due ‘to cardiovascular disease.

or the agim; p:ecesa. The purpose of this_ t,wo—‘fold investi=
‘gation ‘ia'to enable attention to be focussed: ip - Chapter IV

on - ‘those FRodbard , variables which.-.exhibit potential




Pactor analysis of the variables

70- 88% of the variance (Table 9)

TG determine the interrelationships between the Rodbard

variables® extracted from the records, fifst 'the simpler
varimax’oréhogonal Factor analysis option and then the more,

|
‘complex. quatimin ublique faceor analysis‘ option. of - The §
|

. Bicmedical Data’ pzoceaaing Manual (1979) ‘vere’ employed. .

a. . Varimax orﬂ.\oqonnl factor snalyuis

extracted- Ezom t‘he récords was carned out usin

4
H

BNDBUM program’ for ‘each of ' the su,gmups

of, subjects
previougly déscribed (this thésis, .pp 1 3-16)'
The ‘same four significant’factors ‘were extracted for

each group: and accounted for 67- 74\ of “the variance- These:,

factors were ranked. by, the progtam ‘aceording to thé percents:

-age ~of:" the  total var;aticn‘that they explamed. This BN

.ranking defered slxg‘htly in the six groups, but for ‘ease of

1dant‘1fxcat1c\n ‘e Eactors'have been Labened 1-4 accard).ng

to their’ ranking in the main‘group. a fxfth factor vas

‘the pun -MI group and it, too, 'is mcluded n. the dxsﬂussion Fhe

wh:mh fouows. In all, r.hese five . factors’ acccunted fez »

W
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'The - factors ‘were identified from . the. factor. loading,

.pattern produced by the program. (A factor loading pattern; :

“ 18y is provided by factor analysis, after rotation, in the form '

provided in Appendxx E (pp 266 71)

Squaring the factor 16ading. pattern provl o5 an' egti-.

i E mate of the percentage of vanar.mn of :the: vanablas that is

uxplamed by eac’h of t.he factore-

In t‘his thens-thxe was’

b A done lonly for vax').a‘blea having a factor loadi g of 4500 oz'

A 7 ol edita s (e elaiire .500 was anucnruy chosen”

8 the rase

‘point becauua (it 1ndi.:ates that: at - least. twenty- five

percent of’ ‘the ‘virtation: 6f the varidbles is explained by

u.e _factor.). The'percentige of varlat:\.on Lof the Variablaes g Ly e

that was explainéd by each of the factors" xs.g).ven in

Appendix F (pp 272-77)% S SR l

The; ‘presented. i

detail.o 5

i.- Factorl., . .-

sxé:.ained a sig fxcant percem‘.aqa of, ma variat h . of

systolic

es x pulse

.initial, llneax P :txun of - the anacrotic s qpe.

The factot loading pattern ‘was sg.milar in’ the main greup “and :.

the two random'subgroups:- -However, QKD was absent in the
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Figure 7.... Histograms showing the factor loading of

factor.1 for the sik groups analysed. (The fa
" ‘loading provides the correlatian between the ctorg;

‘and- the, varxables )




by post—MI gropp (sP: -.586,; PP:" .588,

ycu;xget .grotp, and its' factor loading Was weak in the C'sub-

.~ group - (-.509) -and the post—MI group

412) . The factor

"loading ‘of systolic loraipure s wosk 1n ‘the  peunger group

(+483) ana the post—MI group (.476). Additional. variables

were prese‘nt :m factor: 1 in ‘the'C subgroup (NP- ".650; Nas

.618) and the post-MI group (Qri .7as)

ii.  Pactor 2 .

The basic factor loading patten of. factbr 2 (figure 8)

,explained a significant, percentage “of t‘he vanauun of the

four variables chosen by the author ito quantxfy the flon-
Linear portin 6f tné anacrotic’sloper - the duration of tne
_entire anacrotic . slope, -the duration- of 'the nunlmear

portion. of the anacrotic a1épa,’ the " amount” of nonlinear

pressute increase; and the area measurement related to the:

nonlmear portion of /the anacrotic slope- thmr 2. was:

s wﬁsily Ldentlfxeﬂ :.n all the groups. ‘Howeva:, the factor
\

loading was - weak fur the amo\mt ‘of - nonlinear ., pressure
: incr;ase in ‘the * random A subgroup (.492) ami 1n the' C sub—

% gr-uup_(.39}9).»and for the area measurement relatdd fo the

nonlinear portion of the anacrotic slope in” the C subgroup .’

(.444).  Factors 2 and 4 were not separated By the analysis

.in the youngergrodp, ‘ahd xdditicnal varisbles: were presene
‘in Eactoz 2 in the.C subgroup (RR' ~716, . QKD: .575), and the
516).
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'_Lu. Pactor! oliigg® ¥ 2 g alt L e

" subgrolp (¢

’l'he basic factox 'Loading’ pattern of. factor 3 (fxqure 9)

g explamed a uqnifmant percentage” of the variation ,of

- diaatclic,;‘amuu;e and a smllgr. Bok; sighificant percentage.
of the variation -of systolic Ap\ress;pi;s. The factor Ivading
g 350 S

" pattern was’ similar in. the main group, the two random sub-—

gm‘x‘pa,'ana the: post-MI group. Hawéver 'iu the é subgroup

the £actor. 1eaamg of ‘systolic pressure was weak (& 361), ana’

eactors ¥ anid 5 were. not separated by the! analyus. < Addi-

£ onal vanames (vierd present ‘in, factor "3 fn. the- younger
group (D: .619, NT: .615), the post-HI group’ (RR~ —.757) and

t:he randor ‘A subgroip (RR: -4519) A

“dv.  FPactori4 - i > - 5 3 :

The" basic, factor loadmg pattern of factor 4 (flgure !

10, p 137) explained a‘slgu'flcant percentage of -the

Variatich of the diration'of ife initlal, iihedr porfion GF

the anacrotie Blope in’all groups.’ However, factors 2 and 4

were not’ separated by ; the “analysis in the younger group.
Additional vanables from factor 2 we:e present in factar 4

in . the maz.nr group (NP: "-.500), the random A. su’bgrcu

(NB: =.687, NA: -.496), and ‘the C subgroup: (iips -.539%

NA: -.510).. An additional factor 1 variable was present in,
factor. 4 of - thé random B subgroup” (G+ ~.501) .and the C

). ¢




factor loa

Figure 9,  Histograms,showing' the .factor. loading of
factor 3 for the six groups analysed. (The factor .
loading. provides. the correlation between the factors .

and:the variables:)
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1
2

VYL Faeter's .y i, Ut o
‘rhe baeu: factcr 1aadmg patnern of Eactor 5 (figure

LY axplained a’ sigrui,\can't percentage of the ‘variation of .

QT and a smuer but significant percentage of tha variation

of cardiac cycle length, - ‘e factor 1aading pattern was

similar in the' main aréups. 'thé randon’B subgroup, t‘he ¢ sub-
‘group,: and the . younger group: - Hawever, factor.3 was absent

in the random A subgroup and the post-MI group, dnd cardiac

cycle lengt.h wau weak (431) in the ¢ suhgzoup. 'rhe
arialysis did riot séparate ‘factors ‘3 and 5/in"the C subgroup.

QKD | was present ‘as an adaicmnal varuble (v aa Kin factor ' 5

iR the younger group-

"% Dincussion, D e ST

That the facwrs extxacted by r.he preeent analysis are

genuine’ factors and are pot the resilt of random chance is

demonst¥ated by the fclluwing.
1_) t'he same\four or fxve ‘factors were extracted m each of

the six groups -of suhjects.

. 2) “the factors explained a mgh percentage of the, total'

varlntlbn of “the variables in ali six .groups: '84% in the
main, greu.p, 79% in the randbm A Bung‘oupA 84% xn tha tandom

B subqroup, 81& in the ¢ subgroup, ea: ‘in the post-MI group;
ana 868 in the youwnger group.: - T

""" Inasmuch'as these factora are qenuine factors it’ cm\,

ccncluded that ‘the im.errelatxunampa exisung betwean the ® -

=
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i . varfables linked by, the factors are genuine-and are -caused

mechanisms causing the interrelatidnships bétween' the vari-

“ables and hence actually effecting’ the varizbles therselves
i be' deduced from 'a theoretical knowledge Of fhe
variables." ; Ed L
i “Thess . mechandishia will how be cons idered - factor. by

factor

i, Pactor'l - .t S
I'naemich as the factor loading pau:'e:n of factor’ 1
. (fn;ure 7, ‘P 132) brought together the 'four variables

_systolic pressur Cpilde pressure, the . g:ad:_em_ of the

-J,nxf.l,al, linear. portion oE the anacrotxc 's1lope. and DKD the

present author dediced  that the p'hynulog:.nal nechanisms’

inﬂivxdu’al vnril'bles were, cardiac contract)llty " and pulae

wave, velucity

This deduction was made on ‘the grounds. that

both mechan).sms are known. to affect . all fDux‘ Varl.ables.

systolic. pressu

McDOna1d, 1974, B 264), - aid_the gradient of c‘he initial;

‘and QKD (pp ‘53-55) "imversely.. 'The

3 relative m\por\:ance ui these “two:physiclogical mechanisms on

“the four factor 1. variables cannot be qientified because. no

yindependent measurementu of catdxac dontractility or puue

v S borli s = ¢

By common - physiological  mechanisis, **-The. physiclogical '

’causing this\im:errela&xonshlp and nence affecting :he,

.- pilse pressure (0" Rourke. ‘1970, 1971- ¢

linear ' portiod of -‘the ’anacrotic . slope’ (this thesis,
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wavé velocity‘ were available for the subijects: - However, thé
iouwing reasoning sugg_ﬁ»ted that. cardiac conuacuuty was
the strcnger physiclogical mechaniam affeccing the factor 1
variables:’ !

1) palse wave veloclty indréanes with dge, ‘and the younger

gxoup, whic'h encompassed by far the widest age, range (torty

~yaazs), can; Lhus be- assuried to have contained the widest

range of pulse wave veloc.n:y. Pulse wave. velocity detex-~

mirnes to a 1arge extent ‘pulse wave txansm.&ssion tin\e, whxch"

in’ turn. accqunts for, approxXimately * fifty. petcent of QKD -

(ﬂus thesis, pp 24, 59): ’l‘herefore, if pulse wave velocity

/wera the more’ mpoxtam-_ underlying p'hysiological mechaniam

affecting the factor 'L: variabled, an would have mgh

factor léading in factor.l in.the younger group. - However,

15 in ‘factor 1

QKD Tiad ‘. fact a  factor loading of only

‘dn this ‘group.

2); Slw\xlatly.. pulse wave velociby is  reduced  in the

presence of advanced peripheral vasculax disease w‘lule it is

increased. in advanced hypertansxnn (tnis thesis, pp 41-42),
and therefore the C subgrenp and; the. post-MI group can thus

be 2gsumed to have contained. a wider xange of pulse wave’

velocity than  the - main _group. Therefore, if pulse wave

velocity were the moée important physiclogical - mschanimn

,’ufecr.ing £actor 1, QKD would have 5 mqher ‘factor 1oaamg

in factor 1 in.these two groups ‘than in .the main group.

However, OKD #adin fact factor loadinds of oAly: -:509 -and

; s L
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142

'.,~-412 respectively in -factor 1 in' these two . groups as

opposed to a factor loading of -.819 in-the main group.
It is to be noted that pulse wave velocity apd cardiac

{ctility ‘are inde physiological  mechanisms:

Therefore, pulse  wave velocity ‘can. act” to ct;rifoug' the -

o
relationship between ‘cardiac:contractility ‘and the fdttor 'l

variables, ‘especially QKD,. a variable: unique to -Rodbard's

' method: The implications of this will be discussed ‘later ’in
" . *

“this thesis. (pp 19293, 242).

Peripheral resistance, - the” physiological. - mechanism "
- ‘uhderlying . factor, 3, can be assumed -to < have ~affected

" dyhtolic pressure, -ore of the foir factor 1 variables,

\ . A . .

Decause systolic pressure is presént’ in both factor 1 and

factor.3. ‘This assumption is -supported by the following

line of reasoning!. Peripheral resistarce increases with agé
h i :

(this thesis,. p$'88) .and .also.to compensite: for cardiac

dysfunction.” The younger group,” which encompassed by far
. . omp ;

. fhe widest age range (forty years), and thé ‘post-MI'group,.

which epcompassed a wide range of cardiac-dysfunction, ‘can

thus be -assimed to have contained a ‘wider rarige ‘of periph-

eral fesistance than ‘any of the other groups. Therefore, if,

peripheral -resistance  were .an important . physiological’
R : ologid

mechanism  affecting . systolic: pressure, ' systolic  pressure

would have a low factor lcading in factor 1 in the younger .

group and the 'post-MI group. This was indeed the case: the

factor loading ‘in factor 1 of'systolic pressure was .483 .in

ey




i o L © a3

the ‘younger group-and :.476 in the post-MI grolip, whereas: it

vas '.686 in the main grop and .903‘in theC subgtoup- B

- FR should t‘hul be - n ed jhat peripheral reslstahce can

hip between -cardiac

act to the “re

p'hys:.ologxcul mechan\ams .

factor '1 ‘variables). The J pl).cat).ons .of (:'his wiu .be '

TR Factor 2. 3 S S Lt

+ e ifactor luadx.nq pattern ".of  fadtor : 2 (figure .8,

p--134) brought togethet the four' vurlablen the' duration

of: the enti_re anacrotic slope the..duration of ‘the: nim inear.

‘portion of the ‘anacrotic slope,.” the amount of nonl‘lnear

pressure increase, and “the araa measurement related to the

‘nonlinear _portion of the: anaérotic ‘slope:  Thiswis only to
be expected as the aut‘hor had chosen these fwur variables to
quantify the nonlinear portion of the anacxntic slope in the .
.first place (this thesis, p 125), and ' thus “no. Further.
_ understanding of the .;ihysiomgxcsx mecnamsnis ‘aff‘ecting the g i
S o shape of “the, noniinear ‘portion of -the anacrot it slope Vas . -

. ', revealed by thxs anuyslb
5 ; ¢ - b 7 - n in N




S A1 Factor 3. e e o

Inasmuch ‘& “the ‘factor l'da Lng pau.ern of factor 3 '

(flgure '9," p' 136) brought - tuget‘her the “two): variables} .

~systolic pressure and disstolic! pressure,” the: present author
_deduced that the Physiological mecharisn causing this inter—
relatxona‘hlp and hence ‘affecting’ t'he individual variables

LR was per:pheral resistance. 'I"his deducuon was made -'on the @

grounds that peciphéral - resistance is known to affect: botn

vanablas.« Indeed, . where. ehidian ‘output is nong\nt. o

perxp'hex‘al resistance car be estimated . from ‘tha weigm:ed

7 avesags of dmtouc pressure’ plus. sya!;olit;_pijaspre (1é

] Al )
mean arterial pressute). (N

The a'educeio‘n"is&@er supported By the existence; of

physiologically. plausiblereasos for the, 1nelusxon by

Py factor malyns “of a) additional’. factor 2 variables in

fattor s in the, younger group, and b)- additional, factor 5

L1

Nariables

in ‘factor 3 _m the post-MI . group:-aid the .C

- Gagtedn, e e 1o I

a) - The 'younqe{g’roup:v It was deternined theotetically n

Chapter 1 that the increase .in two,of the four factor 2

variables, ‘the. duration of ‘the ‘entire anacrot).c ‘slope- énd

_the duration "of “+thé. nonlinear portian of the anacrotic .

M . slopei vas affeuted by peripheral reslstance (this theuis,
K pp d8-94)." That.. these’ two. factor 2 'variables which. are
affect:ed by per

éral rasistance _were -'added 'by. factor-

ana!.ya_isv to’ factor 3.in ‘the younger group, the aroup. assuned




e it N SR A e
L to have the widest. range of ‘penpheral reslstancu (this

thesis, B 142), lends factual (support to ‘the t:heoty that
7

perlpheral resisr.ance is” €ne physiological mechanism causmq

the ).nt:errelatwns 1p ’etween, and hence actuau.y affacting,v

i

i

|

I

il

E, " the factor 3 var:Lables- " (That'-the ‘same  two ' fagtor 2
i € jvariables were, not addea by ractor’ anajsis €0 faftor Yin
b the post-MI grotp, ‘a group, also assimed to have a wide Tange -
E of per).phernl reustance (t)us eheus, p 142), is’ perhaps to’

be ‘explained By the presenca in thisgroup uf €he. reduced’

ardiac output asscciutea wi h sevexe cardxac ﬂysfunctx.on )

7 F:
LA - b) . The post:—nl group and the: C.gubgroups . Because of 'tne

severe! dardiac dynfuncuon present in the ‘post group the -~

level of sympaﬂ\etic nervous systen activity cin“be assumed

" “to be higherHh this | group ‘than in’the other gtou%s. smi.—
larly, because of the 'wide ranga of ‘cardiac dysfunctmn
present | in ‘the ¢ subg!oup the "1evel “of sympa:hem.c .nexrvous

system activity ‘can. be,assumed to be’ higher . in this- group

‘than in any of the lother gxougé ‘except ‘the post—MI ‘group,

Sympathetic nervous ‘dystem’activity, ‘Which 'affects periph-
eral resistancs, which in turn 'affee‘ts the factor '3’ vari:-

‘ables, -systolic pressure ‘and aiastolic pressure, dxzently

affecta the Eactor 5 van.ables. cardiac qyk:le 1eng't1\ and QT

;(t-.ms t:hesis, P u7 48). " Because of the :omparit).vely high

,1evels of sympathetl.c ngrvous. s: stem activity uuumad to be

>present in _oup and the © ‘subgroup’ it i& not:
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surpriging that, the one - factor 5 variable, cardiac cycle

l.enqt.‘h, A @aded by factor analysis to factor. 3 in _the

Ppost-MI group and the othér factor 5 variable, QT, was added

to factor. 3 in the .C subgroup. *(The absence of QT in the
poBst-MI group- n{ay pe‘rhapsr be explained as having been due to
the cardiac damaga present . in this group, -and the ‘ydeak‘neas
{-416) _of éaratac cycle length ‘in the € subgroup may perhaps
be explained as: having been due''to ‘the high levels of
drterial pressure-in 18 GEiihe 25 members.of this, group.)
Finaily, it should be noted [that' the presence of ' t‘he
factor 5 variable cardiac cycle 1 ngth in” factor 3 in. the

random A subgroup ‘wag most. 'probably “an artifact of . the

| factor analysis. Factor 5 aid nov]' explain.sufficient. vari-

ation of the data to be extracted |in ‘the random A .subgroup,

and this’ left a smalll proportion -of the variation of .the

- ; s g W
factor |5 variables spread out over ‘the remaining four

factors.. Apparently just ehough variation of the factor 5.

variable, cardiac’cycle length, was added to the. insignifi-
saiit VAELat1on ROERAYIY presants in facter 3 in a1l groups to
raise’ the factor loading. of cardisc cycle length in the
random A subgroup to 619, ie above the Tavel ireduired: for

significance (.500).

iv. . Pactor 4

Inasmuch ‘as ‘the |factor ‘loading pattern of = factor %

' (figure' 10, .p '137)| ‘consistently contained - only oné
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signifioanc variable, the duration of-the initial,’ ‘linear

poruon ©of the anncrotic slope, the ‘presenc author was

unable /t/o deduce. the physiological mechanisms affecting this

variable: ’}'he variable  had .been expected to be inversely

related to the gradient of - the 'initial, linear portion of

the anacrotic slope because of the interrelationship between

the uorrespendxng cax‘diac var).ubles, pre-ejection period:and

caraiac, contractility. - Howéver;® this -inversé relationship

reachied- the level. required for .significance only® in the

random B ‘subgroup. (G+. '~.501) ‘and the C Subgroup (G: -.531).

Therefore it ‘was».concluded that othex, stronger - physio-

“logical mechamsms affect the . Eactor” 4 variable,.. . the

_ duration of the x.n.ltial, “linear: portion: of the anacrotle,

slope.  Because af the uncettslqty of . the npature” of the

‘relationship between tne four factor. 2 variahles né attempt
“Will be ‘made to expldin t‘he inclusion 'by iactur ‘analysis. of
Faétor 2 vartables - ‘in’ factor . 4 'in four of = the. six

groupe.

Ve Pnctoz 5 &=
Inasmuch as. the  factor loudxng pattern of factor .5
(£igure 11, p _139) brought together the' two variables, ar

and cardiac cycle length, in the ‘main group, ‘the’ random B

' subgroup’ and the’ younger group, the, present ‘author deduced

that the' physiological mechahism causing this interrelation-—

..ship -and hence affecting 'the variables was the' lévél of

x
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activity of the sympathetic nervous system‘ This, deduction X B

‘was' made ‘on the grounds- that -the Tevel ‘of tivity of the

sympathet:xc nervous . system affects Qr " (Sj strand, 1960

ril e A S
Yanowitz, . Preston, and 'Abildskov, '1966i = Schwartz and

Malliani, 1975) and cardiac cycle length.

Factdr, 5 was | not! extracted by ‘the .analysis in the

random A’ subgroup pL'ubahly becausa: Tactor s di.d not explai.n

a sufficiently- large tage' of the total variation and
not. becaiise there was no relationsnip between QT and cardiac’
N\ygle igngth. *. Evidence iA support of the presence ‘of :such ‘a
relationship, is the'closé similarity of the factor loading
pattern in the main group ‘and in. the Fandom. B’ subgroup

(fs .915. and. .907\ \ Fespectively: ' RR: 586 ' and " .60l .
éespecuvexy). L . : g L’ i
Factox 5 was not extracted/bx the anulys:.s .in . the

post-MI grous becauze, “most, yto‘bably as a result: of. the _

no :alauons\up ‘bacwsen “the /two factcr 5 vanables, QrT, ahd

ca:diac cycle length. - QT &as in _fact assigned by t‘he

anu'lynns to Eactor 1 (uhex:e cax‘diac ccncrac 1li.ty waa oon-"
cluded. to' ‘be the major~ phys:nlog:.:al mechamm)., while
cardiac éyéle length was in fact assigned by the .;nalysis to
factor 3 (where ps:ipher:al resistance was -concluded to bev

the physiological mechanism) o

Factors 3 and 5:were mot: separated by the ‘analysis in

the C subgroup,’ probably becau!e of ‘the, interrelatxonship
. @ Eo

severe cardiac dysfunction present in th;a group, t‘here was K




_‘between: s’ympar.hetic nervous® system activity and pex‘ipheral

. Tesistange, and’ the low ‘factor .loading ‘of : cardiac cycl.e

Iength (-.431), ‘which.was most. probably “the result of the

this group: .
The presence’ of QKD as an: add1t10nul variable in factor
5 5 Of the younger group may ‘{ndicate that the level of: sipan

f
5
:
1
i
i
i
|
i
E * :‘-hxgh levels of arterial pressure in 18 of the 25 members .of
i
'_ thetic nervcua system activity, affectad qxn mcre stzongly in

_this group than in-the other’groups.

Quatimin obligue factor Lanalysis

The quatimin’ oblique’ factor -analysis optx.on of _The

‘determine by comparing the-quatimin on'u'é.;ue .fagtors with'the

Tt al fa‘c‘r.ou' hether the more campl'ex ‘method

-of :otation proviﬂed by the quatlmin oblique Eact‘or analya s

—opdon was | reduired .for t‘he adequate  examination - of t_he

obuque factors was examined to see 1f it. contributed to an

unde:scanamg of - the' physiological mechaniems affgcting ‘the

i Vvarlablea. Subgroups’ A’ and B (t)le z‘andcmly selected halves
of r_he min ‘group) were m\t used in this analysis because n—_
L was felt’ that :he main oup and’ the otffer three groups

| provided sufﬁicxent replication. v .

Frsa " whie 'na signifidant diffaren‘s hepueen t‘he

. factors »extzaeced by the two’ methods of rotation,., (see

Bidmedical Data Pracesslng Maniudl | (1979): was employed o,

data. - The extent. of the’ cortelaiion betweeh' the qnatlm).n 4




" ‘to be..linked by f.hg factor analysis; but ‘which

‘Appendix. ‘G, 'pp 278-81), and (the  levels of correlation
_ betwéen' the quatimin obliqué factors were not;'significant
(sée Appendix H, p 282). ~ This indicated that the’ simpler

varimax  orthogonal factor analysis option was adequate to

. describe. the. interrelationships between the - Rodbard

‘variables:

SECTION-2 | . B
B :

Anulyai of. covariance

matical pzncedqre to determine wmch of “the -variables

were interrelated. These i.nterrelatxonahxps (in the «form of

© the factcr loading patterns) were then usea to deduce ‘the
‘natuge of the underlyxng physlologxcal mechanismu. _In this

ﬂ,sec\:ion 'the vnrxables 11nknd by ‘factor anal.ysia were taken

L two at a time and the regrension Tines for the “main group,

the' €' subgroup; t‘he _post-MI ‘group, * ana Cha younget dreip
were  plotted .. (usxng BMDP6D) ' and. ex.smined ‘for sigm.ficant

guze'z'ancé. (4eing 'BUDPLV). . One member ‘of ‘edch. pair . of

vanablas was treéated. as. thé.-independent vax'iahle although

both were' in fact dependent ‘upon the: phyaielogxcal mecha-

nishs common -to. the purcxcula;,factor. (This. pzccadum was

tepeated ioe Ehrenpairs “of vatiahles Which wvere not ‘found

In the previous "sebtion factor analysia used mathe—;




discussed in Chepter x [pp. 8 140242, 63631, were, regarded
a5 i related by sevarhl adtiores)

‘The ‘search for diff in the reg: ion. lines. of

the' four ‘groups was carried out to select the variables with

the pctential to be useful in. cardiovascular epidemiolagy.

‘(see Appemiu I, p 283 for the mean and standard davxatlons

of the variables for the four groups.)

&,  Results -

" Variables 1inked by’ factor n.xy-u

i. Plctor T
- ‘When pulse pressure was plutted as a ‘function of. t'ne

gradient -of the -initial, limear port;en "SF the Tanadrotic

" slope nio significant: aifferences were found in either the’

slope or the height of ‘the regression lines of 'the four

. groups of .subjects.’ (£igure ‘12, ' p152), . The regression’

coefficient ‘vas significant’ (b = 0,055, 'P<;0001); and’ the

correlation coefficients were high for ‘all  four ‘groups:’

r = .779 for thé main group, r = :648 for the C 'subgroup,

.r = .759 ¥or 'the post-MI'group, and.r = .842 for the younger'

o group (table 10, p 153).

When systolic pressure-was plotted as. a function of
pulse pressure (figure 13, p 154). the regression line of the
younger group was significantly lower than the regression

1lines of - the: other- three groups (P<.0001).  No significant

‘differences.were found in the slopes of the regressior lires

i
1
!
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. gtadiem: of 'thie Unit1dl, Mirsar :porkion of
L ths anacrotic slope (mmﬂq/sec)
F'iqure 12 *craph of Sulse pressure as'a Eunction of. the

gradient of the initial, linear portion of the anacrotic

slope.

No s).gnif].cant differences were found between éha line

“="13.

of the main group:and thé linés of the other. gre
' The pooled regression coefficient.was significintly
aifferent fron zero. (P<€.0001)y s

oups .
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systolic pressure

130

110

Ly 40 = Ty

“pulse préssure * (mnHg)

Figure 13, ' Graph of Bystnl).c pre‘&nze as’a. function of
“pulse’ pressure.

Thé regression liné of ‘the main. group, was significantly
higher: than. the lines of the younger group (P<.0001) -
and thepost-MI group (P¢.03).

The -pooled regression coeffi
aifferent from zero (P€.0001); s, .. -='15."

!




i

‘slope (ngura 14, p.157) ‘the regréssion. liné of the. younger~

7 of the four groups: . The.regression coefficient was ‘signifi-

cant (b ='1.044, $:0001); and the correlation coefficients

© were Wigh for three of the four ‘groups: r = .Bl6. for the

main ‘group, r -
post-MI 'gmup, and lower (r = '.538) .for the younger group
(table11; p 156).

‘When systolic pressure’ was. plotted as a-function of ‘the

'graﬂienr_ of \the inltial, Linear portion of the .anacrotic

group was significantly lower than the regression lires of

the other three groups.(P<.0001). . No ‘significant differ-

155

.844 for the C-subgroup; r = .835 for the,

ences were. found in'the slopes of the regréssion lines of

the four groups. The régression coefficiént was ‘significant

(b =70:059, P<.0001), :The correlation 'coeffici'en&:s for. all
four groups were not’ as. high as they were 'in the previous

two 1nCerrelationshlps r = 4657 for -the main _group,

v =T !or the.c subgroup, r = 599 'for the post-MI group,

and 'z =350 for the youngex, group (rable 12, p 158):

When systolic pra!sure was plotted -as a-function: of KD
(flgure 15;"p 159), the regreaslon line of the ymmger group

was ‘slgnificintly lower. than the regression lines of the

‘main group a}m ‘the C subgroup (P<;0001). To a lesser extent

€he. regression line of the post-MI group was also signifi-
cantly lower than the Fegression lines of the main group
and the .C aubqtoup (P<.01). -Nolsignificant ﬁiifetencga were

£ound.'in the slopes of the regression: lies of 'the four

groups. -, The. - regression: coefficxant was aignificant
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systolic préssure

(mmHg)

400 600 800

gradient of ‘the ‘irltial; linear po:t].an of
th %
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Figure 14, Gtaph'of systolic pressure as a fantion
_"of the gradient of the initial,.linear portion of
the “anacrotic slope.

The regression line:of the. younger groip was
significantly lowe¥ than the line of the main
group (P<. 0001). .
. The pooled regression coefficient was.significantly
V. different from zero (B¢.00011.s,

9.

- X

=t




“Table 12.

Group.
Main group

¢ subgroup

Post-MI group

Younger_grotp -

| Younger: group
subjects-aged

Meantstandard

~ deviation
156426 .
154%23

SETECTY

120811

120% 8
uz*u

Where y'is systouu pressure (mmHg) ¢ : .
U n the gradient -of t‘he m;ual. lxnear pottxm of ‘the anacrotic slope (mm.ﬁg/ﬁec)

 The relationshlp between t'hz grad)_en(: ui the xnxtlal
anacrotic uope and, systolx.c pressure for the four groups.,

e
Y. =:0.0597% + 113

y.=0:064'x + 112

¥'=10.029x +

- deviation

Y e
0.0E_Z'X 9T

¢

Stanaasa %
Correlation
Coefficient

about_the
line

19.3°
§ 17.4

19.2)

10.6 -

_pooled
T 6.7

6.7

linear' portion ‘Gf the




‘Figure 1'5.

‘(ngmaq) o

systolic pressure.

o
~
=3

" 200 230

" (mseg)’

1 ’G:apn'of ‘sys'toli‘: pressure as é*functi‘on“of

“ The regresaion line of the main grou s iquicantly
higher than the 1linés of ‘the ‘younger qroup (P£.50001)
‘the 'post-MI group. (B¢.01). .
The'pooied regression coefficient was Exgn:.fieantly
aifferent £rom zero- (P<.0001):s - = 33." : e

“There waS. no.sighlficant difference betwsen' the
zegzession coetficients f ithe four groups,




main g:eup, T = -.390 for the-C subqroup, r=

E group ‘(table 14, p 163).

Y [
’ e
i
1

(b= -0.438, P<. 0001)1 e corfelation coefficients for all

&:.r_ groups were ].ob{x r. = ~.445 for ‘the 'main group,
£ Sioash dor wns 6 inprens r = -.444 for the post-MI-
group, a_mi x = -\103 for the y(;ungér gfol:\p (table 13,
p 161). 1 N '

When, QKD was plotted "% sunskion of. hs gradient of
the 1!111:151, Linear | portxcm of -the anacrotic slope no

Eignxficanf_ differences were iuund in. eithér the slope or

_the ,'he:ujht of the regression ].Lnes bf the. four groups

(figure 16, p 162). :The regression coetficient was slgnifx—

cant. (b = =0. 047. P<. 0001) The correlat}on caefflclents

were low for-three of the four groupsi -f'= ~.552 for the

517 for t'he

Post-MI grqup;- and non-exis‘teqt (r = -.009) for the' younger

It was, notéd ‘that when systolic pxesam—s was plotted as’
a - function " of pulse, pressuge, - or the gradient’, of  the
_1ﬁ1é1a1;-11nea'£ portion of the anacrotic slope, or ‘KD, the
regzéssion lines' of the younger group Qe}e siqnificantly
lower than the regressxon lmas of the ot}:er three gtoupu.

In an atten\pt to eiplain this: difference, the relatiohship

i ‘netween systolie pressure and ihe “gradient of "the iaitial,

linenr portion of ‘the anaﬁ:reuc slope was chcsen for - further -

inveatiqation. ('L‘he :elatiommp between syutolic pressure

and’ 1) ‘pulse’} p:esnute and 2) -QKD: were’ not, chosen’ because in

<‘the, first ‘instance systélic pressure is_one, of the' compo-

'nents hed fo caleuldte pulse pressure, ‘and in the . second

P
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imsec)

QKD

200 younger' .

400

600 !

_—r q:adxent oE the

initial, linear portlon of
nacrot: g

slope *(mmHg/sec)

No Signxflcunt dxfferences were folmd betwéen. the

different fzoln zero (P<.0001); sy e

regression lines of the four 'groups
The pooled ‘regréssion coefficient was slqniflcantl







: 1nscancé _the ©

" function of the’ grndient of the initial, Lineat portion of 1

: graph ‘of systolts’ pressurs as &' function of he gradient ' of-
~'me inkial. linear poxtion aﬁ the ahacrs

£ dane first for' the en(‘.ixe oungex‘ qxoup (w‘hers -agde

. c B Co 164

Telation coefficients. were ‘law,)  .'The *

yesriger group was subdivided mmfef Tee subgroups according

to ag L Te, regression, ll.ne oi systolic presaurg ‘a8 alt Ve el e

the anacx&tu: slope af Tthe. ten sub)ects aged twenty<one to. .

wa‘s sxgnificantly )u.gher % than }-.he'

forty. year

the' c‘hanqes in age,’ the tvo ,variables which are affectad by
perip‘heral résistance (diastollc px’essure and the Guratxdn J

of .the entire anacrctxc slope) were each Bupex‘imposed on the ¥

varied mrkedly) a-nd then. for the ot‘her thra

age vanar.mn was ‘minu\al). ‘Buth variablea affecf_ed by\

(fiqure lﬂa-d,




“systolic presgare- (mnHg),.

®O0 - 800

o gradiént of the initial, linear portion ot
i - .the ariacx'otic slope' - (mmHg/s: sec); g
'Fiqure 17. . Graph.of systolic pressure as. a function of
“the gradient of the initial, linear portion of the
anacronc alope shuwing the, effect of age. |
The, FegreSsion’ line of the’ group aged 21-40 years was:
significantly higher than the'line .of the group aged
9-20 'years (P<.03)"and ‘significanitly lower than the
e’of the group aged. 55-56 years, i.e..the main ¢
group (B¢ .0001) .
The pooled regression cdefficient was s:.gmficantly
different from zero (B<. 0001) ;s e
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i

‘group, and T

ii. Factor 2 A . \ . >

8 . )
The . relative in\portance of ' the . four . physiological

mechanisms; on  the |four factor— 2 variables” . was 'not

' clarifiéd by the factor analysis and-therefore the, inter-

relationships 'between the factor 2 variables was not

investigated in this:section.

iii. Pactor 3 - .

Wheh systolic' pressure ‘was plotted.as a Function of
diastolic pressure (figure 20, £ 175) " the  regression .line
of ' the ‘post-MI' group jist missed being significantly lower

than the regression line of the main -group ($<.057)" bit it

was significantly  lower (P<.026) when analyséd with'' a-

t - test. No significant. différences were found in  the

slopes ‘of the regressiom lines'of the four groups. Thé¥

regression coetf'rcient,\v‘las significant (b = 1.091, P<.0001)

and the correlation coefficients were r = .641 ‘for the .main

group, x'= .607 for thé C subgroup, r = .563 for the pOSt-MI

.649 for 'the <younger .group. (table. 15}

p 176

15, rPactor'4 . .
A}though»factbr—& ca:nr.ai.ned only one significant vari-

able, the uration of the initial, linear portion of tne

anacrotic slope; it was ‘decided to {nvastigite thetelatisns

shipd:etueen this variable and the gradient of the initial,

linear Portion of the mnacrotic slope, a variable présent in
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Figure 20. ' - Graph of sya&uic pressure as a Function of
‘diastolic pressure.
The regression line of the post-MI group just missed
being significantly lower than the main.group (P£.057),

The pooled regression coefticient was® significantly -
dlffacent from zero (P<.0001); xS 20.
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for ‘the younqer group (table 17, p 18I).

y to77

only two of the q’roups of subjects. m}e{was bacaﬁse, for

.the reasons stated on p 147, a significant relationship had

been expected tofexist between these two. variables. | When'
he  duratibn. of - the, initial, linear portion of ‘tHé anacrotic

slope was. plotted as’ a function. of the gradient of the

ini‘.tial. linear portion of t_‘ne anacrotic slope (flgu 21,

p 178) no slqnxflcant dxffetences were * £oiRd " in either the’

slope or the ‘hexght of ‘the regression lines’ of the four

‘groups| of subjects. 'The regression coefficient vas signifi-

cant b = 0,034, P<.0001),. aid the correlation coefficients

were r = =481 ‘for the main greup, r = -.493 for the C sub-

group, r'= -.215 for the post-MI group, and I ='-:462 for

the’ younger group.(table 16, p 179). ° .

Factor 5 w4 *

Wher' gr was plotted as a function of cardiac. cycle'

length . (figure 22, p 130) no s

icant differences wers
found in either the slope or the hexghe’of the regression
lines of ‘the four groups. - .The, regression coeffiéient was.
significant (b .= 0.067, P<.0001), and the correlation
coefficients were.r = .358 for the main group, 'r =..312 for

the C subgreup, I = 445 fof the post-MI group, and r = .788

‘e )
2. vVariables not linked by factor analysis’
Mithough they were not linked by factor: amalysis, the

relatxens‘hxp batween cardiac cycle lengtn and %oth QKD and!
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Figure 21. Graph of the duration of the initial, linear
portlon of the anacrotic slope as a function of the
‘grédient of the _same portmn of the anacrotic slope.

There was no significant diffe: betwgen ‘the

' regression lines-of the four qﬁg“l
The pooled regression coefficient was significantly
different from zero (P .0001)7 sy , = 19. -
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Figure .22, Graph of QT as a function of ca‘rqiac 'cycle
Tength.
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| there was ‘no sigmfman: dif ference between the. lines
of thé four groups.
“he pooled regression coefficient was sxgnxficantly

different, £rom zero (P<:0001); s, o =42
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v ™
Lhe gradient of the'initial; linear

J i.., QKD.and. mdlac cyci- length.

expecteﬂ

‘significarit’ (b

Llops vas -éxamined’

L.
Forrect carﬂxac measurements - for
|
|

cycle length. . The telationship b

pressure. was - éxamined bécause

%o g, FhotoE

transn\isaxnn time component: of QKD

. NETR

length ‘p 18,_) the re

P<¢.005).

(£igure 2;,

-0.035,

sion. line® of “r:he ‘post=Mi gx_o'
cam‘_ly:dafferent (P<.02) from the ®

lines of the other t‘hree grovps.

because many

affecting

portion of ‘he:Snacxocic

authors autnmacically

dlfferex{ces in.  cardiac

etween QKD and” diastolic

diastolic - pressure was

the" pulse. . wave

When QKD ‘was plotted as\)a function of uardxac cycle’

gression  coetficient was
e, siohs cf the ‘regres- ‘
-0¢038) wis.. signifi~

slopes

No signif cant d;fferenees

were eound in eLtheL\the slope of the height . of the regres-

slon linas of the remaining three’

coefficientslvere r = i266 for the

r for.

the:.'C: subgroup, r = -.298

% = L8546 for the younger group (’tah
=

if. | The "gradient of the ipitial,

groups.™:
main growp, r = ~.447.for

the ' post-MI Jgroup, 'and

le 18, p'184).

linear ‘portion of _the
th

anacrotic slope and cardiac cycle leng

When t‘he graﬂienr_ of the 1niti

-length (figure 24, p.185) thé: regre:

al; linear portion of the

-anacrocic slepe was plotted-as .a- functmn of cardiac’cycle

ssion line of the post-MI

group was significantly lower in height"than the regression

£ .the teg:essl.on %

The correlation: *




- L1000

q | b, s -cardiad cyule lenqth “(mgec) -

- Figure 23. Graph of OKD as a_fux’.ecian_ot,caimiac
cycle length  ° R T e

The slope of the regression line of’the ‘post-MI group
- .. was significantly dxfferent from: the -line of: the main
; . _group (P<.02). There was no significant Sateratance: - .
T . between - the regressmn “coefficients of the main group,
% . . ‘the younger group and the C'group; their: pooled
¢ . regression coefficient was significantly different - frcm
zero (P<.005) I sy x =24+
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Figure -24, Gxaph of the gradlent of- the 1nxtia1, linear
portion of-the anacrotic slope as ‘a’function of cardiac.
cycle length -

‘There was no sig’nifxcant differ&nce between tha
regression coefficients of the main.and’ the pust-MI ~
groups. " The regression line of the post-MI gro .

was’ significiatly lower than the line of the main’ group

(P<. 001) and the 1me of the -younger group *(P<.03). 2

The *pooled £ficiént was Significantly

| different from zero {(P<.0003); ikt 272, v Sy




"unes of the main group (w 001) and the youngex'»gtnup

‘(P<-025). but was, hot signxfxcanhly lower than ‘the ‘ragres-

“TTwere found in the:regre ion ccefficiantu of the regreusion

lines of the four’ groups’ The: pooled regrnsian coefﬂcipnt‘

+
]

\;'as,‘ siqniiicaﬂt (o = -n 478,

coeffitients we;e § = =298

for ‘the m.'ain igroup; © = 21076

| for the 'C gdﬂgroﬁp, r.= .017 £or the po!t—MI

- QKD and diastolic pressure’ ’:

-5 O0KD was net plncted as_a function of dia

the. :ggzaas;nn._ coefficient  was: “not- significant:

5 ,pi--:uuwn 3

:The . formulae for the regression lines . of the four*

grops’ were ; calcilated and py‘.onsd,

hd ' apilysis - of

. covariance. was_ uued tc check for. Bignific t diffarencas i

e ey heig‘ht and - 1ope ‘of " these Sedresiion Tined: Ear.f_ha

e . following Lenbemer 1 ¢ :

. .. F1y -51gru.fxcant -ufferencea between the: mulnr gqom a.nd the

C ‘gubgroup and, betwean hhe mam 'group and: the, po!t—HI\group

predu:ting the rLsk of card).ovascular -crises; .. %,

=P< .0003) - The .ﬁortélation ]

olic preéssure

coum dndicate “which varxa‘bles are pctﬁt/xany usgful” m

Lidh livel E!ikere ubiecubn o, axgnifxcant Aifferencas "

i
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© Py 21 sigfificant differences between the main group and the’

younger group could indicate wﬂch vax.:).ahles‘ are potentially
useful)y in monxtorl.ng age-relaf_ed changes in the cardio-

vascular system,

. Ry
{ ., 'The ‘levels of correlation of the regression lines  for

each pair of variables were examinéd with a view to deter~
; e “ )

_mining. from this, and from a kKnowledge of the ‘physiological

;differences in #he other variable was necessary.

3 " 1. variabies linked w factor analy.s.

' i. .Factor 1 ap 5 1 . no '
It was concluded that the relatlonstup between, the two

variables.pulse pressure and the -graaiem: of the initial,

linear portion of ‘the amacrotic slope was not potentially

four groups (figure-'12, p 152). The 'two variables were
iy " highly correlated ‘as was' expected, because both are affected
Dby the samé physiological mechanisms,  cardiac contractility

and pulse wave: velocity.  Only pulse pressure is affected by

Because there were no significant differences between' the
regression lines it was ' concluded  that  no significant
‘differences” in wave. reflection ~exist@ between the four

~/

—mechanisms involved, whether correction of one variable for

. —useful in cardwvascular ep:delmlogy because no sxgnlfxeant»

aifferendes irere-ifound - batween the regreasion lines of ‘the

5 . :
, the ‘additional physiological mechanism, wave reflection.




variables systolic pressur:

5

i s . 189

= ;
groups ands therefore nb cofrection of pulse pressure was
necessary. for this pair-of variables: g
Although a sigrificant Aifgerenyé (p<.0001) was found
betweén the height of the, regression ' line of the younger
group and. the regression. lines of the. other three grovps
(figure 13, p 154) it was concluded that -the relationship
Between the ‘two:variables syscouc pressure and pulsé pres-

sure was not potenually_useful in cardicvascular epidemio-

logy becaitee dystolic pressure’is’one: of the two* ccmlponentsk

used in the caléulation of pulae pressure and therefore’ it
is. not known ‘how much’ of t:he relntionshxp between the vari-
ables is due to the presence of ‘the- one varisble in.the
galculation llf the other. (The correlatxon coefficients for
the main group (r.=. .816) and the younger group .(r = .538)

were gimilar to those obtained by Boe et al (1957). for both

their. two .groups ® of men at a;ulu.lar agea (r = .842 and

r = .696, and T = .756 and r = .571, respectively). The
similarity of the correlation coefficients obtained by the
praégpt author, and by Boe. et al’ (1957) suggests tnax-: the
above.’ relationship  ‘between systolic ‘ préssureé -and pulse
pressire can’ be found' in populaticns..other: than that which
provided tile data on which, this' thesis is based.) - ¥

It was concluded that thé'relationship between the two

nd the gradient of the initial,

linear portion of the anacrotic -slope. (£igure 14, p 157) had

o P . ! - gt T~




17,'p 154)
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D I 3 - ¥ . == B
the potential to be useful 'in’ monitoring ' age- related

. 1
changes in-the cardiovascular system because ‘the regression

line of the younger group' was -significantly lower than. the

regression:lines of the other three groups. The
ables were adequately correlated as was expected because

both are ‘affected by the same physiological mechanisms,

cardiac contz’ac‘euity and " pilse wave velocity. only

systolic pressire is affected by the. further physmlogmal

mec'haru.sm, pen.phsral Fesisti Aibaiie thisre Wama

slqnlfxcant d).fference 1n heiqht beween the regzeasmn L\.ne
o the younger group and the req:esslon\llnes of “the three
other groups. it was concluded that.a difference in periph-

eral reslstance existed between “the yc\mger “group ‘and the

_three other hougie’ dna therefore oo;recu,on of systolic

pressure . was appropriate to monitor age-related différences
in peripheral ‘resistance. Support for this coriclusion. is

‘provided by the finding in the literature that. peripheral

resistance, increases with age (Amery et al, '1978; De Leeuw

et'al, 1978; Lakatta, 1979),. and the finding- in this thesis

_that/ when thé younger :group was subdivided according to age

‘the regression line of -the subgroup. aged nine to twenty

years was_significantly-lower in height than' the regression

line of thé subgroup aged twenty-one 'to forty yea@ (figure

“.That . peripheral resistance and. not ' some other

related physiological mechanism was affecting systolic/pres-

sure was ‘supported by ‘the fact that when diastolic préssure

two vari-
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and the duration of the entire anacrotic slope. (the 'two’

variables which are-alpo .affected by peripheral ‘resistance) -

" (figures 18a-a and- figures-19a-d,: pp 166-73). It 16

. systolic pressure amplification is high' even where pex‘iph—-

were superimposed on the graphs of systolic pressure plotted
as a function of the gradient of the initial, linear portion
of the anacrotic slope, “both diasc’ouq pressure and thé
duration of  the anacrotic slope iincre'a'aéq with  systolic
pressure for constant values of e,he"'.gxad}en: of- the initial,

unear portion’of the anacrctlc slepe for all four ‘gfoups

noted that thig:trénd occurred evén if the three groups’ (the
main group, ' the C subgroup,’ and the post-MI group) where age

variation was minimal. . SO o

(In theory,’ ‘the relationship between systolic.pressure
and peripheral resistance is confounded by changes ‘in ‘stroke

volume because.wheén stroke volume is low,. reflected waves

are’. weaky .and hence systolic pressure amplification’is low

eveni whers peripheral resistance is’ high; conversely vhen

stroke volume is high,. reflected waves are strong, and hence

©dral resistance is_low. This theory could nut{ be ‘substan-

ated. because no measurements’ of stroke volume were

available for the subjects if thid study.)

Alttiough a’ significant diﬁierence‘ (P<.0001) was . found
between the regression line' of .the younger group ind the

regression - lines of the other. three groups {ﬂgux;e_ls,

p*159) it was concluded ‘that the relationship between the
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. 2
\ two variables, systolic pressure and QKD,, vas ‘mot poten- -

| nauy useful” in cardiovaséular _epideniology _because the

(taBle 13, 'p 161), It was alsé concluded. that, the relat1on-
i ship béteen: the two variables, QKD and the gradient of the
1 T . 1p1t1al, linear portion of the anacrotic: slope,  was. not

potentially useful in cardiovascular epidemiology Decause no

significant differences were found' between the regression
Iines of the four groups (figuré 16, p 162) and ‘the level of
4 cctt‘elatxon befween . the th variables was low (table 14, p

163) . °

y«auld thus appear from both the above ‘relationships
(sy

iniv.iu,Y linear® poruon of .the anachtxc slope) that QKD

. itself lacks the potentlal to be uﬂeful in cardiovascular

! epidemiclogy.
5 . ii, Factor 2’ : o : ;L

As Has already been stated, :he'\irelative importance of

the four: physiological mechanisms. on the four factor 2
variables was not 'clanfled by -the -factor  analysis' and
therefore the interrelationslups between. the factor 2

variables were not, investigated in this section.

iii. Factor 3 .
It was concluded that the relationship betweenthe two
variablés, systolic ‘pressure and diastolic pressure, was

i &

| . ‘level of correlation between' t‘he two variables was low,

5 elm/prassure_and QKD and: QKD and ‘the'gradient of the '
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mot potentially useful  in catdiovasculis ‘epidemiclogy
because no* significant differences were found between - the
regression lines of .the: four groups (figure 20, p 175).  The
two variables were highly correlated as was expected because
both. are affected by . the, same phy!ioloqil:al mechanism,
peripheral’ resistance. - only systolic preéssure is affeetééi»
by, the additional physiological meehanxsms/, cardiac con-

tractility and pulse wave velocity. | Because there were .o

. significant. differences in height between ' the regression

lines it was concluded. that no ‘significant differences in

cardiac co’n:'zan:iu:y {and * pulse wave ‘velocity éxisted_

_-Dbetveen. the_ four groups £pr -this relat:\onahlp and_therefore

no.correction of systolic _pressure ‘was necessary for this

pair of varxables. (1t should be “noted, howevsr. that

vcardx.ac contractlllty was probab]q reduced in’ the posr.—m"‘

group, because the -regression lxnebnfﬂthls group. ' was

‘marginally.lower [P<.057] than the! tegteaion upe _of _the
main g;oup. The difference. was significant when'a t-test
was used [P<.02517) . The corrélation Goefficients for the
main, group  (r = ,641) and the younger -group (f'= .649) were

similar to those obtained by’ Boe, Humerfeldt, Wedervang, and

. Oecon.: (1957) for both. -their two-’ groupa of men at similar

ages. (r = .683 and r -645, and .489 and rl= .569

respectively) . Harlani Gsborne, and _ Graybiel [(1962) __

obtainied a correlation &oefficient similar. to that ;,f. the

younger group for, thsir group of men ‘aged :mny-sm years

(r =..640). Again: it should be noted that the sxmxlarx.ty )




.of . the correlatiol coefficients obtune/ by the present

author, by Boe et 'al- (1 57). and” by -Harlan et 2 (1962) - °
s suggest ‘that the above re&atxonshlp between, systollct pres-
sure and d:.astollc greaaure can, be found in’ populations

other than that which provided the data on wich this, thesis '+ ', -
. b | : !

> I’ - o

is' based.

’1v. Factor 4 :
; Tt was -Goncluded ' tha:f "the zelatxonsh;\.p betyeen' the two . !
. 7 variables, the,  duration - and the. gradient "of the . initial,

Linear port].cm ‘of t the anéemnc slope, was not’ potentially. . -

useful in cardxovau:ular epmam'logy because no sxquxcanc'
aifferences’ weré found betwsen “the regresston lifies of -the s ]
{ s four groups (flgure 21, p 178). . The two: vartab).es Yhte, L i

correlated as was expected because hm:h are’ affected by the

same ‘bhysiological mechanisms, cardiac conttactzlity .and

pulse wave . velocity.: + However, because thé level of

S 4 ) ) o 3 2 . K
{ . correlation: was. low it was -concluded that no. correction. of -

the duration'of the gradient of.the ifitial, linear portion
¢ of the anacrotic slope was appropriate for this pair Of . .

variables. ’ - C ;3

v. Factor 5. - - ; ; ok
It-was concluded. that the relationship bétween the two

variables, QT and - cardiac wcycle length, was. not ' poten—

tially useful ‘in cardigvascular epideniology. because . fio

: significant differences. were. found between the regression




variables wére -correlated because both are affected by the
reli e z

sympathetic nervous system «g#is_‘thesis, pp 147-48).% The
correlation coefficient for the younger group (r = .788) was

s  similar to that obtained.by ‘Schlamowitz (1946) for his group

(r =..779). Once .again ‘it should be noted . that. ‘this
- similarity = of  the correlation coefficients - and = the,
<’ . “/similarity in the ‘slope of the regression lxnas obtained. by.

"the present author and by Bazett (1920); Adams™ (L936),

Simonson, Cady,  and Woodbury (1962); and

Schlampwitz (1946)

|
i Manior, Whitsett, and Wilson (1980) (eigure 25, p.196; table
I

and cardiac cycle ‘length can be found . in populations: other
than that which provided the .data on which this .thesis is

based. ' (The difference . in height between.'thé regression

lines  obtained by the several ajithors and’ the ‘regression

line obtained by the present author was due to the fact that

time whereas this was excludéd by the present author, [this

zets. p 1261.)

lines of the four groups (figure 22, |p 180):  The ~two

s ¥ J sdme physiological mechanism, the level of activity of the

of 495 soldiers -aged eighteen ‘to. twenty-five years -

20, p 197) suggest that the a‘bove relationship between QT

their QT measurements -'included ;ventricular repolarization -




v 600 800 1000
. camiac cycle length (msec):

Figure 25. Graph of QT as & Function of tardiaé cycle

'length, showing the regressipn. lines'ocbtainéd by
several authord for comparison with the main group
and the younger group of . this. thesis.

The regression 11.nes of the main and younger ' groups
are lower beécause the QT measurement used -in this
thesis did not anlude Ventrlcular repolarization
hne = b

j‘
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Variablel not’ linkod by factor lnllyll.l

i Ql(n nml catdu= cycla length

ALt ugh  arsighificant | dlfﬁerence (P£.02), was:. found
between “the’ Blcpe ‘of the regression una o\f\cha _post-MI

group vand, ‘d’l

2 be ween the o variables, QKD and ‘cardiac cycle length, was

not pgtenn‘

|

because “the 1eue).‘bf cox‘relatlcn was low. ‘The two variables

wara cotx‘al el bacauae votn, are. atfec éd by the . same.

mechanxsm, the level of . activity of the

g physl.ologlca

sympathetxc netvuus system. © The. correlation coefficient fof

L7 the “younges® grbup rr =..546) was ‘similar.to that obtained.

bet_wean QK.D and;. heart rate by, ‘Da Costa et al (1973) for

“al.+(1976) for’ males and females aged twenty 3 forty—nine

239 and’ £ = 464 tespectxvely) - Tpa use ,QE

yaa’ra (-

‘hegrt Tate instead of cardiac ‘cycle length ‘is responsible

- for tne sign revemu. Agaxn the similarity of the correla-

':tion coefficients obtained by the present .author, by Da

“Costa’ et al, (1973) and 'by Marata et al’ (1976) suggests that",

Z .. the  above relatxohahip can, be' found ‘in populatxcna other"

»

.regression ‘lines of the other: three g:ou;e'

uy useful \in\ardxovasculaz epidemiology |,

females aqed nidetéen tol forty years. (r = <.480) (their




'
i
i
|
i
3
i
|

B There were no, sighificaning

,/sana.fxcantly “lower in height than the re

activity Of. 'the sympathetic nervous system.

than | ¢hat which provided the d.ata on which this thesis is'

based. G '_ . L8 T

{4, The gradient of the initisl, limear portios of “the
anscrotic slope and cardiac cyéle leagth

fferences in, the Elope of'

£hey regreasion | iines of . the .fou groups (P<. 1395) and
Xhouqh the  regression line of—t‘he'post-nl group was
ecfuion lines Cof
the malp group (P, 00L). and = the - younger group (p< oa)

(ngure 24, p 195], it was concluded that the relaticnsh;p

between 'the two variables, the gradient of - the. initial,

linear portion of the amacrotic slope ‘and cardiac.’ cyc'le

length; ~ Wwas : not potentiéuy useful- in eardiovas"cutaz

‘epidemiolégy because the level ‘of. corrélation was low. The

weak ‘vwrrelatien existing Etwasgiotiie, G variables in only

tne £wo ‘groups, - the main group (r’= 7.294) and ehe younger, -

) group (r = -.423), was, expected pecause ' both variables, are”

“affected by the same physiological mechanism, -the:level of

. (It 'is to be.notéd. that in.the three relationships
where cardiac cycle length was traated as  the indepengent
Variable, the correlation wefi%xeﬂ\: was. hi:;zeat for’ tie.

younger group, = As this may ‘indicate that ¢

| With cardiac-cyele length declines’ with age, it was decided

correlation

to ‘investigate these three relati ips .further in Chap




B ii4. QKD and diu;ouc puunxa
" It wag ‘cancl.uded that becauae the’ pegresslnn ceeﬁfx—
axatmnship .between QKD un@,

I o ciem: was not signxficant the
not

Do diastolic pressure’ . was’ | potentlally ‘useful

cardiovascular ‘epidégniolo?j




OF THE VARIABLES

the usefulness of ‘Rodbard's method ~in. . cardiovascular

epidemiology by determining “the usefulness of “the 'Rodbard
variables .in  the aiagnodis and/or prognosis - of

cardiovascular disease.

To this end ' there wiu ‘be: an examination' of. ‘the

relatidnship between the tardiovascilar® sortality . and |

| morbidity (monfafal. myocardial \infarctions and strokes) of

3 Ly : : .
the main’ group and. the post-MI. group from: the 'timé '’ the

recgrds’ were ‘taken in 1969/70 until 1979.12.07 and

1). . the means .of . the variables:
2) 7 tene! vauables after they had peen wexghted and“confbined
to_ produce, factor .scores “for sach of ‘the “five “factors
produced by the factor analysis reported in Chapter 2SO
3) cartain .paizs of van:';}.es which. were concluded in
Chapter 11T to' be potemtially useful in cardiovascular

_epidemiology. <

An attempt will ©é made in' this chapter: to determing;




SECTION- 1

Cardiovascular mortality and morbidity 1969/70-1979,12.07

Lists of the subjects of the main. group and the post-MI

group who died or who weré regi
fatal myocardial infarction or stroke in Gbteborg on or
before 1979.12.07, and the calise ‘of ‘death given.on the death
certificates of those who died, were pz'ovid_;roy br Lars
Willielnsén, . Difector of the. Department Of Medicine, Ostra

s S | This i ion was. £ as being

" very reliable Decause oves 90% of all the deaths had been
subjected. to post m'?é. examination and.'all- clinically
diagnosed’ cases of ~ronfatal myocardial infarctions . and
strcfcé!‘ (;iilhe]—mse et al;, 1972) had bgen entered in t.he
strictly .superviséd Myocardial Infarction pacister ant
Stroke Register maintained by the City of Gbtebory (Elmfeldt

et ‘al, 1975, and Harmsen and Tibblin, 1972, Fespectively).

‘a.’ The main group - b .

During “the follow-up period, of thé 152 subjects of the '

main group

Four died:from noncardiovascular causes:

# amyotrophic lateral sclerosis® gﬂé.zn

E o #3 cancer of éhe stomach o 76.01.17
#113 . cancer of the colon 79,0537
’ 138 - cancer of the colon 77.04.27

ered ‘as having had. a non-




= Ton died from cardiovascular. causes: | . . Ge
i #4 ’ pulmonary- embolism ) 1 o : 7i .11.27 —
A (I 0 ischenic heart disease 73.10a9 4T - :
f .. T/ "42  caraiac insufficiency C73.12.21
o s . 49 stroke post-myocardial ) :
: . infarction 74.04.12 :
$10  myocardial infarction (21 ) v
: nonths. after_stroke) 74.10.09 .
#7.  myocardial infarction 75.10.03
#18 puimr;éry embouz;m 1327 it
e W months after stroke) | 76.01.16 .
. -* 4103 . myocardial ‘infarcticn (4 S
. days after stroke)- 78.01.29
| $17°  cardiac insufficienty 78%05.31
l PR T #139 - aortié valve failure . 79.07.01, "
i Eleven had nonfatal myocardial infarctions: :
1 . #14 . 71.03.25
?E . #12 (72.05.18 .
(0 Bi% S T s tralesaz0 . e : A\ ¥ o
1 c o #1671 74.11.29, 78.08.19 dnd 78.09.11 h T
; #13 - 76.03.11 Lo o o A
#15 76.04.19 and 77.10.03 ’
#8 - 77.01a7 - ; T
T 46 77.05.220 . L] i Ry b
| TUs1s 77.06.26 £
o . 473771031 : .
“ye2 78.10.22 . - B y
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Four had nonfatal strokess i E 2

#20 75.11.12 e !
i #19  76.03.20 E : Ep v L 5@ M
;. #96 77.04.19. . Y
; ! #81  78.11.22
% : , S T
i b. The post-KI group e b g !
i During the. follow—u;p period, of - the 19 aubjects in the ’
L : po:t—MI group - . 5 L
& . ‘seven died’from cardiavascular ca“aest i
Za #166 azterioac;erosis 4 g 71.05.14;
: . .4160 . . cardiac vi_ny.s;affiuievngy._ £ 7i L0821 ' e
. I #169 myocardial inisgrction B ‘75.05 07 ' Sl
. i #165 ' myocardial. infarction RS 02.09 g "
5 I #163 ' myocardial infiar'ctiam,. 76.10.18 " |
| 3 7 #1854 stroke pcst-—myocardxal gt
=i R . infarction’ B 77.02.14
1 #161 stroke pos:—myocardxal A ol Bt T
‘ - . infaretic . 77.08.30 it
I

. Two had’ nonfatal myocardial infarctions: . . - 5 |
#157 . 70.08.30, 73.04.06 and 74.05.29

#170 . 74.02.18

One ‘had”one nonfatal !tz‘oke-

#162  78.10.02 & : e S




¢ SECTION-2

L The rélationship = between cardiovascular., mortality and
morbidity 1969/70 - 1979.12.07 and aspects of the variables

a. . Means of the variables PRty
1.  Results

i. The main group

T T groqp) who had._caxdiovascuhr‘di‘sease' in - ‘the ~ follow-up
period (ie .the "c subéruup" of Chapters II and III) were
,compared with the meahs of the variables of those. menbers of
the nafn" group who ALd" not ‘have cardiovascular disease in
“the follow-up period’ (ie the main group minus -the- "C sub-
group"). - This <comparison is presented in table .2l (p 206),

where it can.be seen that there were no significant differ™

seven.tnique to Rodbard's method) of the two groups.
it is;possible that the yide variety of cardiovascular

] diseases redorded in. subgroup € could- have . obscured ‘any

"groups.. ' In an attempt to. clarify’ this point, the C. subgroup

- A was' classified into. three divisions depending on the

. - ‘présence of either a fatal cardiovascular eveht, a nonfatal

ubjects who syffered a nonfatal myocardial infarction' or

to' .a ' different,  fatal

©. 07 The means. of the variables of those members of 'the main

ences between the means of' the variables' (including the

© ¢ aifference between the means of the variables of  the two *

iréiai infarction, or a mnonfatal - stroke.  (The four .

{
i
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Table 21 . The ‘means..of the ,(uiables of those members of 1 =
. the main' group 'who had ‘Cardiovascular disease '
recorded in the /follow-up period and those who
did t. e % ;

’i
i s Main gréup «
Minus G . ‘C “ . i
i ; . subgroup | subgroup - et :
Fatal Nonfatal ~ Nonfatal
' . stroke
V- s (mmig) 157426 154 160 184, 165
] DP (mnliq) : oat1s . - o4 97 - 92, 100
4' PP (mmig) N sktgy/ A e " e T gl 67,
S ar’ (msec). .~ 19243 197 1997 ¢ 200 192
‘e (nmﬁq/sac) 759286 666 668" 703 742 6;
LT, (msec) ' 67%20 * 68 T :6:5 L. 66 |
E RR. (msec) esatide’ g3 7el - 4 e32 781 T
g[ QKD (ms_e:c) 20624 “ 208 206 : 208 " 201 :
; D (msec)” “1sats7 - 1se S 164 i’ ~ 175
. Cwr (msec) | . 7666 _— 63’ 51 - 54 76 : i
NP, (i) ke LT 4T oMz os Cae . } ¥
' - (mmigemeec)373#502 4427 634 ‘305 755° Nl
P Number Gf " K =y ey o SR " =
subjects . 127 28 1o 12 7

-~
The  standard deviation given. is that-of the. total main group.
No significant differences were found.




. cardiovascular ‘eyent, . or a nonfatal. myocardial’ _infarction,

‘or a ‘nonfatal stroke in. the follow-up period was-calculated

3 ’ £ * 207
cardiovascular ‘event were' included in = both - the ‘ fatal’ .. *
division ané the appropriate monfatal division.) The, means'
' L G = !
of the variables of each of .these,three divisions were com=

pared with- the means of the variables. of; the .miin  group

minus the C subgroup. *This comparison is alsc  presented in : ,VJ\

table 21 (p 206), where it can be seen’ that there” were no
significant differences in che means nf the variables of any
of the three. divisions of; the ¢ subgroup when_ conpared ‘vith
the mean of the main group minus the.C'subgroup.

Further, ‘for’each variable the relative risk, of a fatal

after taking-thé -variables one by one.and in- each instance

@ividing ‘the entire main group into 1) those subjects with - :
values above  the! mean- of* the particular variable and 2)° :

those subjects with values equal to or below the .;.ean ‘of, the .

- g’arr_icula: variable. - {The mean value .of each varume was r ¢

used “as the ‘dut-off point t6 reduu:e observer : mas\.) ™| :

relative nskg are presented in table 22 (p 208), whiire d\

can 'be’ seen that' none aifeered s).gru.fxcantly from unity.

ii.. The post-MI group

The means .of ' the vatia‘bles ‘of the post-—MI group  were:

compared with' t‘he means of .the variables of the main \

group. This comparison is presented. in- table 23 (p '209),

Where it Can be seen.that the means of five of the variables | :




Table 22. The " relative

risk

f - experiencing a cardio-

vascular event' during the follow-up period for

members: of the rain” group:. .The
as_the cut-point to divide the

variable' was

used;

mean of . each

main group into twn for each. calculation.

variable

sp¥156 (mmHg)
"Dp>93 (miig) -
PP>63° (mmHg )

1192 (nsec)

7 6¢743 (mmg/sec)
1167 (msec)
RR¢825 (msec)

; uxp;zw_(m;eg)

D154 (msec).

NDT3 (msec)

NP>13 (mmilg)

‘NA»384 (muiig-msec)

Ninber of cases

e anity.

Fatal

event
1.58

1:38

1.05

16

Nonfatal: Nonfatal
ML . Stroke
0.529 " 1.75
1.38 - 1.38
Y 1.8l 1.05 :
247 . 2,05
A8, 0.67 !
o«
0.7 .
1.34 y . N
.0.746 . 5 : o
oms . uas g
Couae T gl
‘0.1701" il i.zvsv
12 . 7
5 5

ne Gf. the relative risk figures aiffered lxgnifxcantly




L.
i

.

Table 23.. The means and’ standard deviations Of “the wvari='
ables for the main group and the post-MI group,
and for' the members of the post-MI group who had =
and did not have lar disease
in the “follow—up period. o

R " . i

3 X
variables Main group s Post-MI group
B L,

! oo No
Disease Disease -

: 3 .

. \SP"(m'lﬂHq) “156f26 .. 13 [t23** ) 143 131 .
DP_(mmig) 93t1s . .B5Hax 785 84 .~
»5 (mintig) 63420 vsli_w: N 57 a7 \>

"ot (mdec) 1924237 witw P ) 197

. 6 (mmHg/sec) - 743%86  4daileore B0 T AT
Lr (msec). . o674 [ 79%ale 84 . 73
RR (msec) . 825t138° 5/711'194' . sas . 900 7
QKD (msec) * : 207424 216424 216 216
D (msec) | 1safsy ‘,15Qi55 ’ S 17s - 145 i
NT (msec) © 73te6 / 5846 - 66 L R -
NP (mmHg) | T13dy 13%g - L 14 12
NA . (mmHg'msec) 3841502 / 3521385 392 307 :
Num'ber of ' : . : . i B
subjects | 152 19 i - 9

/ -
*signi Sicant 1y aiePMhd from the main group P<.05

l“**significantly different from the main.group P<.01

No significant differendes vere found between the means ' of
the disease. and. no disease subdivisions. of. the post-MI
gxoup: . - T s
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of  ‘the ‘post-MI ‘group were significantly @ifferent from the

means - of the same vanablsa of the main :group: systolic

“Sxessure (p<.01), ‘diastolic pressuxe (P<.05), pulse pressure

(P<.05), 'the gradient of the initial} linear postion, of the,
d,z:atmn of the initial,

anacrotic -slope (P<:ox), und» the
linear portion’ of the Spiirorid, sioge (P<.05). . (Only. the
last two variables are unique t6 Rodbard's method.)

Next, the means of the variables Of thqse members “of
the post-MI ‘group who had a- fatal cardiovascilar event.or a
‘onfatal myocardisl infarction of. & honfatal ‘stroke,in ‘the
folicw-up period. were compared with u@ means of thée vari-

ables of - those' lmembers. of ‘the 'post-MI group who had no such

R I K . N 2 3
-cardiovascular ‘crisds.’. This comparison 'is. .presented . -in

table .23 (p 209), where it can De.seer that the means of ‘the

variables of the two divisions of the post-MI group- were not,

significantly’ different. & L=
Finally, for each variable the relative risk of a‘fatal
cnrdiuvascular event. was calculated after ‘taking the vari-

ables one’ by one and.in each h\stance dividing the post:!

1

4roup into 1) those subjects with values above the mean’ of

the particylar variable of, the main . group and 2)  those
subjects withi.values: equal’ to or below the mean ‘of . the

particular variable of the main group. (The mean values of

the variables of the main. group were used . as the cut-off

pointa to reduce observer bias beciuse  the main group was

as best p: iting the lation sample. £rom.




which the’ post-MI group was' taken.)' In o J.nstancen no
relatiye fisk could be.caléuikted bepause ‘either’ a numerator

) or a denomifiator was lacking: For ..the ' remainder the

~_relative risks ranged from 0.3..~ 1.3 .(table 24, p~ 212). i
Because ‘the’ numbers were. small, no attempt  was made to

assess the:statistical significance of these values.

" 2. _Discussion i
4.  The main group
No significant differences were found betwéen the ‘means

of tie ‘variables |Of ‘those” members of -the maifi group who

had; and- oF those mémbers’ Gf -ihe main group. who " did nc\t:

B

nave, cardxovascu;ar aisease 'in the follow-up' period. - No

% "significant differences weré found between' the means -Of the

variables of ‘any of the three -divisions of. the C subgroup

and of the main group' minus the C subgroup.’ No significant - it

difference in thé relative risk of subsequéent cardiovascular

aisease was found for any of -the’ varidbles.' It was there—

fore ' concluded .none of 'the vaxilables unique -to’Rodbard's
: N ettod ite %ikely toibe uséfMl inthe dlagnouls or’ prognosis

of cardxqvnscular . disease and h‘ence id cardxov‘asculat
. i epidemiology: ' This confirms- #he ‘impression. obtained from

the ll.teratu.re (see chapt_er'l) wu—.h -respect to- three of the .

. seven_ Rodbara ‘viriabless QKD, 'p ‘697 the ‘gradient of the

initial, :lirear ‘portion: of the anacrotic slope, p 77; the

uration. of the_ entimcrotxc slope, p 103..,




S . : ra

Table 24, The relative risk- of experiencing-a fatal cardio- s
vascilar event during the follow-up period for 2 HRp

: members”of the post-MI’'group. . The mean of each
variable for the maih group was used as the, cut—

point -to divide the post-MI group K into two for

each calculation and the categories are the same

as those.used for the main group in table 22 o

allow comparison.

' Fatal event . 3 &

Varisble
& “SP)156, (nmHg) © . 0.88
_DP93.__ (mniig) T ose =
Emes Gemg) o ods o L
Qrs192 (;m;_c) = v glee i o
D] <743 - (nnitg [séc) _ ol J41/0

167 " (msec)

_RR<§25 (msec)

QKD<207 (msec)

D154 (mséq)

m‘>13 (mec)

mma (omttg) . .: ; £ 0.55
" NAIBa (‘mﬂg-sgcl T . 0:87
8, b )

‘ : _ = Rt s . o .

No significancelevels were calculatqd because the
numbers were small.-’




to systoli

“have,

‘Therefgre, it. was concluded ' that -thers was nothing “to
& e : 5 y

11. The post-MI group s

The mean's 0f -£iVe of the variables of the post-MI group

were significantly different -from.the means 'of .the. same

‘variables of the main group.. The differences with respect.

essure, pulse preséure, and the gradient . of

the -Initia; inear portién of - the "anacrotic slope can- be
explained as being. due to. the reduction in cardiac.'contract-

ility in<the post-MI grup but no patho-physiclogical’ cause

3 A
can be  confidently advanced x0 -explain ‘the differences with

respect ‘to diastolic pressure ind " ttie'; -Augation’ of _the
initial, -linear portion of the anacrotic slope. Thus .whiie'
‘it is. possible that ‘the Rodbard variable, . the’ gradient of
the initial, linear portion of the anacrotic slope, Would be

useful -in the diagnosis _of <cntdiov§|scular diaease and hence

.in cardiovascular -epidemiology, - the same carnot ‘he ‘said ' of
.

_tre remaining variable ufique to Rodbard's method,” ‘the

‘duration’of the initial, linear portion.of me/ anacrotic .

‘slope: St

Nc significant “differences were fourd betwea/n the means

U 3 S Pt
,OF ' the variables of those members. Of the, post-MI group who

had, and ‘those members of . the pOIt—MX group who.'.did mot

cardiovascular disease in the follov-up - period.




suggest from this particular comparison that

‘unigue to . Rodbard's method are’ likely to be

 dardiovascular. epidemiologys . ! R 3

. for . any of ‘the varlableu.

“variable.-unique 'to Rodbard's method)

anacrotic

LA lalults B BT 4 3 =

[-subject of the main group fuctur scores, for each of the 'five'.

c@ variables

and

prognosis ' of ' cardiovascular’ ‘ disease “hence’, in

No significarit aifference in. [ENE T risk of a

fatal Gardiovascular event in the fnllow—up period was found:
This - vas probably  because r_he

number -of * the snbjec:s involved was

too_ small: JIt.ie
passmle—enat pulse pressuré- or the gradient of me initial,
lihear portion ~of ‘the anacrchc slope . (the 1a1»:cer being a’.
y might. :be useful. in

predicting .risk of 4 subsequent fatal cardiovascuiar event,:

because all six -meh who died, had -"vilues of - pulse: pressure

ard - the gradient of . the ~initial, lineai portion - of -‘the

Slope: léss than .the means: Of the coFresponding

variables of the main group. “This possimuty needs 'to ‘be
tested with. far- Largex numbersthan were available in the -

data obtained by Dr J G Fodor’in-GHteborg in 1963/70.

b.  The . .variables weighted and combined .to' produce
factor scores ; I ;

i. v'n- -ain group . R
During the, factor amalysis reported in Chapter. T1I the

5, were. wei and. combined

to_prodice’ for each

factors  eRtracted.” The units of " ch_e factor _ar:dre’a wexe
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standardize‘d by the factor an;lysis so that they were ,given
in standard deviatxons dbout a mean of zero.

~ Using one factdr for each axis;: sets of three graphs
were,pxepa‘req. three heing,;he finimum number required to
ensure that all five factors vere included on’at least one
graph’ of each, set. The Qfllowing co'mbina%a@s of factors
were decided on for the following reasons: factors 1 and 2
becalise ‘these’ ‘factors explained the’ largest proportison of
e vetiatisn (table 9, p 130); and factors 1 and 4, and
factors 3. and 5 becaixaa of the pca‘;ihle relationship -within'’
‘edch pair of factors (yp 147, 146, 149).. - First, the sub- -
jectsi-of the jain. group who had a fatal cardiovascular event

in \-_he follow-up period were plotted on.the first set of the

thres graphs and in each instance the cause of.death was

indicated ‘(£igure 26, pp 216-17). Secondly, the subjects of

|the 'main group who had’ a nonfatal myocardial infarction -ih

P2 . i 5 -
the "follow-up periocd were plotted on the second.set -of the’,

"éhree graphs (figure 27, pp 218-19). —Thirdly, fhe subjects

of the main groupswho had a nonfatal stroke in the follow-up,
period were plotted on the third set of the three .graphs
(figute 28, pp 220-21). :

. The three sets of graphs were thén “examifed to'seé L

the * fatal - cardiovascular: events, 'the . nonfatal myocardial

infarctions, 'oF 'the: ' rnonfatal strokes - -clustered ‘in. any

quadrant of any of ithe graphs.’ No, such clustering was found -

for any of ‘the {hres cardiovischlsr’ dcigds s




i
1
I3
|8
t

“Figure 26. ' Graphs showing ‘the factor scores Gf the
members of the main group who died of cardiovascular
_causes in'the follow-up period. .The origin .
represents. the mean' factor score of the main group
and the factor'scores are given insstandard.
+deviations. .

Cause_of death:
AVF. aortic valye failire
CI  cardiac insufficiency
IHD  ischemic heart disease -
MI., myocardial infarction
PE . pulmonary embolisti
SMI ~ 'stroke post-MI
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mgure 28, “Graphs showing the facto# scores Of the

members ‘of the main group who experienced“a nonfatal
stroke. . ‘The origin represents the mean factor score
of the main group and the factor Scores are glvsn in
standazd deviations.
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‘- ii., The'post-MI group

‘Pactyr .scores were calculated fcr each subject -of ' the

posr_-MI group by .using . the ' factor ~score ' coefficients

produced the factor analysis of the main group. ' Thesé

. factor score coefficients (apperidix J, p 284) were used: a)

: i . | .
because tht factor score coe’ffi‘cients of the post-MI group

“to be ‘unreliable|as the post-MI group was small

aj included a large proportion of subjects with

et o
serigis eardiac. dysfunction: b) because—the main ' group was

‘Tegarded.’as best representing- ‘the " population sample from

Whidh - the' post-MI. group had come; ic) because uemg the ' same
factor coefficients fnr the'main group and the pcac-m group
would ‘make' it »pos_s:.b}e for' the. factor scores of ‘the .two

groiips 'to be compared. . (.

On :a set of ° three graphs pxepared in the same way as

for the main’ group, the * factor séores of all the subjects of

t.‘he.pcs -MI group - were ' plu(:.t_ed‘ (

'g\_.re 29, pp 223-24).

Where -the subject had afcardio&g'scuiar crisis in the

£o, {w—up period, the nature of ‘the crisis was indicated.

In the two graphs which had factor -1’ as -one of ' the

factors it 'was seen that 16 of the 19 subjects had factor 1
scores below theqmean cfv the main group, and t‘hat. 7:0f this

16 accounteg forjall the fatal .cardiovascular events ‘in the

follow-up period.™ All three Of the subjects with factor 1.

scores above the mean of the 'main group had a cardiovascular

crisis. in-'the follow-up period but none of -these crises




Fzgutg 29. Graphs .showing the factor scores of’ members.

[Of the post-MI group. The: origin represents.the.;
mean factor score of the main group and the.factor
scores are given in-standard deviations.

Cardiovascular History in the fouow—up periad.
died’of -arteriosclerosis

“died of cardidc insufficiency
died.of myocardial infarction
died of stroke post-MI

. nonfatal myodardial infarction.
nonfatal ‘stroke \
no event-was registered
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. hence”in cardxbvascular ap).denu.uiogy.

proved fatal.” No clusterinq was ‘seen with rsgard to the

remaining four -factors. . : = Foa s

Disuul-ion

4 & By
i« . The uxi gzoup .
Becausé no  clustering was seen in “the grapns - of the

factor | scorea of those ‘subjegts of L'he main group who had

26

»cardg:laer_‘ular driges - dn: the fullow—up period (figures’

PP 216-21), it 'was concluded that weighting and com=

bining the Variables' (including those: ‘unique .to Rodbard's

method) to' produce factor scores ‘for each of | the five

.'factors exczactea by the factor analysis was not dseful in

“the dlagnosxe or “prognosis’ of ea:dmvascula: dxsaase and

idi. The.post-MI growp . 7

Sxxteen of “the 19 subjeécts Of the: post-MI group wire

_seén ‘from the graphs (figure 29, pp 223°24) 't 'have had

factor 1 .scores “below: thie mean of the main group. - Because
cardiac contractility is -one of the two physidlogical mecha=
nisms which affect all. the factor ‘1. variables, .it -was

> v
concluded that 'a -proportion .of the 843 \(16/19) ‘of the

pq%—MI subjects with factor 1 scores below the mean o;
main' group had reduced cardiac contractility, a oménon

to be expected in a group (such.as the post-MI group) which '

had known cardiac dysfunction. That factor’ I scores ‘bBelow

the mean of the main group are’ indicative ' of-Teduced cardiac.




above. the me«al'gvof the main group.

A

,~the 3 .o

i t'ha mean of the main gmup aré indicative: of teduced{iafz =
cp;‘.tracunty could be' confmned in a study of 'a’ far' larger.

g:foup of post-HI. subjects,’ it could be further concluded

between. four pairs of variables had the. poténtial to be

oy - 226

contractjlity” was supported ‘by: the ' fact . that Of the .10

- members {of the post-MI group: who had cardiovascular events

“in the fou?w-up _perisd; the 7 who ‘ated had'factor 1 scores

Below -the mean -of ﬂ’)e main group and the 3 who iurvxveﬂ were..

the. 19° post=MI subjects who" had factor -1 “scores

,-1£ this tentative concl’usion that - factor 1 scores below

at because two: of the four variables used to. caloulate the

ctor 1 ‘scores are unique fo Rodbard's mst‘hod, RodBard's

method may be useful. in ‘the diagnosis of ‘the - degree , of

Téduced  cardiac ility after al

ial infarcy.ion.

and ‘hénce in ca{ruovascumr ep).dsm;oloqy E A
Because no nt.'he: clustering was' segn’ in the pon'_—MI

groups, it ‘vas concluded that weighting ana Gombining “the

N variablas w produce factor scores far facdtors '2-5 was. not

useful . in the dgagnosxa and/ér prognosis of _cardxovascular

disease in postsMI subjects, and hence in' cardiovascular

epidemiology. — . - 4 o g . -

G certain pairs of variables. :potentially - useful . in
cardiovascular epidemiology - e B A

_Results

It was concluded in Chapteér III.that the relationship




useful ‘in cardiovascular epldemialogy. The - four relatiom

ships ‘were': -

/ 1)

4

itial,. lirear portion of the anaerotic slope;
2)° QT as a function of. cardiac cycle length;
3) " QKD‘as a function of cardiac cycle length;

'4). he 'gradient Of “the initial, linear -portion of ‘the

anacretic:slope:as.a fufction of cardiac, cycle length. .

S~ 5 sey.a of four  graphs, . one ’graph for ‘each of ,g-.é four
; grar oos

relatiof hips, - were _prépared:”.. Those menbers ot the. main’
fs

‘JYWP

had; -a fatal «cardiovascular, event. or.a, nonfatal

myocara;,al 1nfar:uon. or, ‘a nonfatal strbke in t‘he £ 'ow—up

‘Period’ were plottcd on the firur_. spcond,” and thira ‘satal of

'vas_cuur-evmcs was indicated (£igures 30-3-2,'pp zza—aq)/.

“« “"All the menbers .of the post-MI :group. were plotted on the

fourthi set of graphs and the nature of -all cardiovascular

N S -
crises - experienced ‘i

|
|
f , ; /f —~§raphs - respectively,- ‘and the niphre of “the" fatal caxdio»
i
i
i

(figutre 33, pp-234-35). ’l'he iour aata of ‘graphs were then

nanfatal myocardial xnfarctlons, or the nonfutul strokes
clustered in any partl.cular area of the graphs. :

Nu suc‘h clustering - was found for t‘hrsevcf the four
| " relatxonslups between the . var.tables. .Two cluaters were

P _[found on' the graphs for: the relatidnship between systolic
;. ; A

the follow-up period wa's indicated -

= examined - to_ see . if - the fatal cardiovascular events,  the
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calculating ‘the N

pressure. and the 'gradient of the initial, linear portiaﬁ of ¢

the anacrotic slope

1) Slx Of the 7 members of the'main group who had nonfa(’.al

strokes in the follow-up period lay above.thé. régression
lirie, (ie thé-line that best fifted the datd.points for the
main..group- ds a whole), and the seventh member lay. almost:..

.on, but just’ below, the line (figure 32a, p.232). = ‘fhis

clustering- was  examined . for -statistical ‘significance by

inciderice  Of  ,nonfatal = ptrokes in -the

f£ollow-up periocd .for the a'l’memhem of Tpna"aitn vafoun vho i

lay above the régression line and for the 85 members who lay

below it.. It was.found that the relative,risk of a nonfatal =

stroke was. 7.5 times greater for those members of -the min

group who lay'above the ‘regreéssion line (Pearson chi-square, .-

P<.03). The same relationship could not be. examined' in the

* post-MI ‘group-because only. one member of this group suffered

a nonfatal stroke 'in- the! follow-up period .(figure '33a,
p234).

2) 'Of the7 members of - thie Post-u1’ groip WHo'had a subses

quent. myoca:dxal infarction in the fonuw—up penod, the's -

who died lay in the area where systolic pressure vas vélow
146 mmtig arq ‘e gradient of the initial,’ linear portion’ef

‘the ‘anacrotic slope was below 600" mmHg/sec, and ‘the - 2 who

survived lay cutside this area (figure 33a; p'234).

236

X
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Discussion’ ; et

As can be seen from- the clustering-'on ¢ graphs -only

one of thé four -pairs of variables .concluded: "in Chapter

I1I'to be potentially useful in cardiovascular epidemiology

| was in fact useful: systolic pressure and the gradient “of

the initial, 1inear portiop of the anacrotl.c alope.

“The f).ndnxg thht the relative. rl.sk of a nonfatal stroke: .

“.in the follov-up period vas, 7.5 times greater for " thase

menbers of the main group whe lay abovs the reqreasxon lipe. -

than. for those who lay below it can be exp].amud in terms’of
r_'he increased petlpheral reazstance deduces An Chapter 1i1

o be'. prasent in ‘the members of the main group -above the

regresslon Line (pp 189-91). = The increaséd ' peripheral

resistance causes stronger blood flow to. be required for

adequate tissue perfusiog; and- this makes the members’ abave

the line more ible to i tissue 1

when cardiac contractility declines..  In addition,. the

increased péripheral resistance generates h).g‘har\blood pres-

sure in. the arteries, and “that makes the subjects’ above the
line more eueceptlble to blood vesgel zupture. Both inade-

‘quate tissue _perfu51on and vessel mptura cause strokes when

ey ocdur ‘in the ibrains: ; X 1
£ Because ‘of the- finding. from the ‘graph that' of the 7

menbers of the post-Hl group who had. mypcardial infarctions.

in the- follow-up peficd, all 5 who died lay within. the: area
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where ‘systolic, presaure wah balow 120 mmHg and' the gradient
of ‘the initial, linear portion of the anacrotic! e was
belov 600 miHg/sec, it was concluded (tentatively; because
the numbers “weré " small) that ‘the members’ of ‘the post-MI
group: lying. within. this area wére more’ susceptible o a
£atal ‘oitcome of & subsequent myccardiél infarction than
were. the. members of ‘the grodp outside this area. This

tentatxve canl:lu!xun was, supported by the fact that two of

the four members of the.main groupwho had. fatal  myocardial

infarctions in the follow-up period lay within this area;
whereas: all, of the eleven. who had r\onfacal myocardial
infarcefons lay outéide this-atea. Tf this finding codld be
confirmed in a study involving 'a “fai greater’ number .'of

subjects in both the main ‘and the post-MI groups, it could

be explained in terms of thé reduced’ cardiac contractility

deduced in Chapter III to be associated with below average
grédients of ihd ;n'itial;‘ linear- portion of the anacrotic
Slope (and perhaps with -the. reduced - stroke volimés combined
with increased peripheral resistance which could. be asso-

ciated with some of. the individuals located in this area of

the  graph -[this thesis, ~p:1911). This rednced cardiac

contractility’ would ‘be‘reduced even: further by a myocaraiai

infarction, and’would perhaps reach a point that .is not

: compatible with ‘the. sustaining of human life.

Finally, it should be noted that of the pair of vari-

" dbles concludéd to be useful in cardiovascular epidemiology, ~




anacrotic ‘slope).is unique

.to Rodbard's method.

_one (the -gradient 'of the initial, linear portion of the
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_ coNCLusIONS ~——

#e

Although “it. would. .appear from th;

that - the anadrotic slope, of the' brachfal artery pressure
pllse; wave. vl menstted by Rodburds - blunte noninvasive
BREBGH it RAuECiEAL o whls -slope when measured intra-
drterially, it was' concluded ' that “the | former was a suffi-
ciently close approximatxcn to the latter for the purposes
*of cardiovaseular apxdemology because ‘there’ was a high
Tevel of: nor:elation betveen the two. slopés. . (This high

level ‘of correlation is most. probably due. to the f!cr. that

\the dianeter pulse wave onsible for the K £€ sounds
is. closely related to .the "intra=arterial -pressure ' pulse

Lwavel) ' |

Factor analysia Df the 12 var;ables used in this thesx_s
to descrlbe the anacrctic slope suppurted.
1) tne concluaions drawn .from the examxnation of ' the

literature that cardxac ucntracr.:.hty affecta QKD and the

‘gradient of the initial, linear . portion of .thé anacrotic

slope, and that pulse wave Velocity acts to confound.this.,

relationship, particularly with respect o QKD

2)  but to-a far lesser extent, “the conclusion drawn from
the exammanon of the -iiterature t_'hat peripheral reaz.stance

affecta the duration of the anal:rotic slope.

literature review'




* anacrotic slope, and the duxat:.cn of the anacrotic slope_are

of the ‘twelve variables

. dxff?rences “in x:ax‘diac cycle length. (In. facr. n. was ~found-f'

Tmpttality and: morbidity in ‘the follow-us perxud and the ,12

(QKD,  the: gradient of - the initial, linear portion 'of the

<Rodbaxrd variables. Factor analysis did not’ slucldate whmh £
physiological mechanisms affect :the pther four- Rodbard. .
variables.) )

Covariance analysis .in combinatién with factor analysis

1) ‘supported the conclusion dr.awn fron\ the exam).natlon of,

the lx.tera!:ure that, fe was not. necessaty. to correct clKD for

‘that’ it was not. ‘nécegsary. to correct’ any'rof the Rodbard & -

variables: for differences:

n dardiac cycle lemgth.) . (e e
2) allowed the conélusion to be made’that  ihe relationship’ '
b'e’cween”sxstollc press‘ure;andq:)‘x\gradivent of ‘the iqitial.
linear portion of the 'anacrotic slope had the potential to
¥ useful in cardiovascular epidemiology- because correcting

the former variable Tor its' relationship” with the latter .’ '

provided a ‘simple invasive i )of peri it

resistance . 3 .-

The analysis of the relat:.onlh:.p between card).ovascular

wvariables- used Ln this t‘hesis to deucri‘be the am\crotxc' SR
slope supported the conclusions ‘drawn from the ,examnacmn‘ s
of' /the. literatire ‘that QKD, the' gradient ~of the 1'nie.ia1', 5

1inear port].nn of ' the anacrotic slope,. and .the duration

the anactof_ic slope are not by themselves uaeful, in )
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risk of Having .a stroke. However, this finding needs to be

repgatedr 0y

Because - Rodbard's method praauces only ' the ' anacratu:

- slope. of the brachial artery pressure pulse wave, serious,

consideration should be given to ‘the development of. simple,
foolproof, noninvasive techniques. for honitoring: the antice
braciiialaartery Pressure and flow waves. The examination of
the literature led to the -conclusion that visualising the
entire waves would. provide, valuable additionalinférmation.

Most importantly, it would. allow the, following: i

1) ‘a}’study' of .the time-of arrival at:the heart of cephalic-

and - caudal. reflected waves. Because ‘of ‘the . eccentric

position of the heart and ‘because of the arch-like . shape &f

the .aorta, 'both these waves can -be expected to ‘have. impor-

tanty positive. effects ‘on blood: flow to the heart in late

systole ‘and diasccyie if pulse wave velocity is normal;

23 classlfacat;cn of pressure and flow wave types so ‘that

" the: auld be studled in ap ar.cempc to uiennfy indivxduaxs

at risk of cardiovascular disease;

i s:udy of ‘the relationship between tha cephanc and

caudal reflected waves and the ‘genesis of ' the KoxotkdE

sounds.  Such.a s#udy would - almost. certainly lead to a

" deéper understanding of the nature of Korotkoff sounds, the

observation of'which forins the basis of what is now the most-

widely used method of determining blood pressure.
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Appendix 'A. " Means' and standard deviations of the .vari-
) ‘ables of . the St John's and sSteborg subjects
in. the younger group.

A - booled

? b , - standard
St John's Gbteborg ' +Jeviation:
'SP (mmig) oAl > n
DR (mmHg) - .66 65 . o
PP (mmHg) 52 * s L e
QT (msec) -, - 201 "o T
G (rmHg/sec) .’ 664 ' e84~ - i13g
“ui (msec), . 87 6 T
RR (msed) 894 . 160
QKD imaec)“ 194 3 24 18
D (msec) - S AR e 29 ,
NT (maec) cas S e
- NP (iimHg) \ f13 - 813" RSN A
¥A (mufg:msec) 20 192 Ty 175
sﬁﬁ‘jects &5 & 10 i

QKD is- significantly .ionger in ‘the Gbteborg subjects
(p<. os).-‘ - ©




group.

- * %

| =T 4 . . 4
| s 4
H . 260 i
¥ ’ 1

; %,
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i Appendix ‘B. Data extracted from .the records of the main
| x .

. I sp pp PRUQr G LI ER QKD D NI NP 'HA
i 1 97,72 25190 172. 94 .1277 250250 232 .5

' 2 180 113. 67 190 813 66 833 200 100 - 50" 13

; 3.148 90 .58°185 790 72.°714 170. 90 -34 5 55 B
i - 4 130 102 '26.200 346 60 . 625 180 100 ,26° &

1o, 4 5 140 - 84 56 240 552 1000 220,240 138
i 6
! a
| 9

65 23
120 . B0 -40 195 618 .40 952 240 80 25.11
137 88 49 200 518 100 714 . 240 100 4 "k 8
147 9553 195 510 66 741 220.130 ‘31 18 176' AC
179 101 .78 215733 100 ,b 606 200 140 35 6
4 10 ‘136, .90 46 215" 367..80 ." 594 200 140 41 10
) . 1L -142. 85 57 1907563 56" 1090 250 210 122 19
i 12 198 107 91 200 757 82 857 220180 85 13. 380  BC
2 A 13 134 65 '69 200.685. 78 923 180. 120 2910 113  BC
14 150.100- 50 175 715 58 606 190- 90 23 ‘8 53.° AC
15 140 106 ‘34 180 411 57 857 ,200°-180 103 9 1264 AC
16 176 - 90 86.240 690 90 .1000 . 200 240 109 30 1300 BC
17 170 86 B4 180 565 120 923°.200 230 87 15 368 BC -
18 189 110 79 160, 930 42 645 200 160 85 32 1025 AC
19 178 118 60 165 900 40 ' 800 . 210 110 51 19 288 - AC
200 150 91 59 200 554-.88 ' 909 ::210 190 94 ~ 6 '155 '‘BC E |
21 130 -77. 53 180 517 50 €98 220 190 118 12 280 .
« 22 150 . 90 60-165 818 ‘50 698 180 100 29 21 256
23 141 95 .46 190 689 :30 7 645 200120 65 19 432
. 24 .150 . .85 65 185 714 58 -822- 200 120 36° .20 334
= 25" Y42 94 48 185 630 66 870 .210 110 37 - 6. °4l
26 135 74 .61 195-723 68 .870 200 130 583 . 8
.27 128 89 39 170 470 :70° 822.°2100 90 12 . 5
28 ‘118 73 .45 185628 54 ./845 '240°110 - 49 6
4 29 134 © 77 57 195 620. 97.° 810 240 100 1.1
el B . 30 -140 .82 58 20063974 759 190 90 12’ 4
$ g . »31 142 85 57.175 589° 78 769 190 150 62 7 '
~ 32 141 .'93 48 170- 668 58 800 220 100 35 6. 54
9
5
5.
6
5
13

33 146 90 5& 190.781 .64 ' 769 240 110 - 37 0
# 34 149 .84 65 160 800 60 800 180 190 115 1!
% 35 146 108 38 170 615 *54 = 759 ° 240 210 150
36 126 .85 41 2157418 80. 800. 260 130' 39
37. 120 89 31-150° 393 68 -. 741 240 100 - 22
4 . 38 - 138.73-65 160 731 76 706 190 160 - 78

,_.
(Y
28 5
Kw'wuvmywwwwm:vdwmv
<
-

; R Membership in the random A, random B and C subgroups is ..
I indicated by A, B, and C'respectively: :




. iAppendix .B (continued). ta excrac;ed from the records of
B the main group. . d

I

( S DB PP o1 G LT  RR'. QKD D - NI
* N L s
39 ‘146 94 52 175 ', 389'100 .741 200,210 75 13 380.-A ¢ £
: 40125786 '39 190 471 .70- 741 2400 70 11 1 B i
41135 83 52 170 598/110°: 882 180 120. 16. 1 10 A i
42. 143 8261 290 521 100 1154 200 130 ' 18 '8 64 B :
43 1200 74 46 240 569" 5571034 230° 140 59,15 235! A i
447118 71 47 200 564 .90 1000 210 9 -5 11 B i
45123 .78 45 2007494 60 1000 ‘220 90 1l 11 59 -A ]
46 :100 167 33 230 433--80 870 220 80 2 1 1 .B'
47 12473 151 195 36) 48 1000 220 100 37 13 213 A .
| 748 425 81 44 170 372,100 . 852 220 1209 '5°22 B
i i 49 1257 83 42 190 (47 120° 1000 260 140 ‘52 5 80 A *
: .- .50 138, 8577539160 - 604 52 . 857. 220 170 101 24702 B
3 51 130 74 66 .195 /694" 64 882 .220 130: 52 11 160 B
: 52 115 67 48 190 [534 .64 .882 240 150 66°'12 153 A
53 /130 83 47 180 (541 64 1000 240 130 '52. 9'169 B__ !

55 120 76 "44 . 196. 447,94 968 220 100 .7 .31

{ 56 126 .85 41 170 451 80 882 240 - 80 ke
. ° . 57+ 150 90 60 . 200 .664 73 952° 220 130. 36
! 4 58 142 73 €9 . 265°125Q0 30. - 952 190 120 70,
. 59 140" 75 65| 190 545 102 870 200 160 48
60 27 72 55 . 215. 636 .62 967 220180 .99

16!
28
7
C 13
61 130 74 56 180° 52590 ‘967 210 150 *'52 " 6
62 144 90 54 190 451 ‘84 870,220 180 69 .14 394
63: 150 .93 47 .230. 431 83 1000 220 260 168 4
64° 1467 75 71 220 1023 .51 1090 .220 130 66 15
65°°125 B81 44 ~180 "526° 56 870 220 180 98 15
66 120 88 32 195° 237 100° 833 240 120 22 7
; ’ 67. 120 93 (27 200 289 70 967 . 260 140 48 8
i 68, 152 83 -69, /150 924 62 - 714 2107190 112’ 16
H 69 139 114 25 205 524 '40.° 857 220 {o 35 5

70 140 .64 76 '200. 680 74 823 190"
4 706 ' 210

»
<
=
o
~
&
<
®
&
5
=
o
&
N
o
S
o
2

. % 72 '160 '76. 84. 190 997 56 (800 180 150 77 19 412

=, 5y 73" 154 8 66 ' 215 . 781 -'56 789 200 -120° 45 17 224
74 -151. 9 61 190" 435.110 939 210 270 141 10 258

+. 75 157 9067 '180-1000" 66 870 190 '90°.23-. .3 22
76 124 71 53 195 602" 80 1090 200 ‘110 24,5 .37

w
8
3

e A L L L L e

Membership in ‘the random A, random B and ¢ subgroups is
indicated by A, B, and;C respectively., :
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1 ;- Appendix, B’ (continued). Data: extracted £rom the records of
the main group: 5

T ind? X

I sp DR PP 0P G LT R, BKD D . NT

i 77 130 80. 50 185 .527 90 870 210 .90 ‘4 7" 1
Ly 78. 157 , 74 °83 170 '918. 70 723 180 120 .45 ..8 .78
| ;%7 . 79163 82 ' Bl 180 1024 66 759 1807220 143 14
i ) 80 165 87 78 1651111 54 612 170 110; 41 19 357
: 81 165 93- 721230 776 68 1000 210. 160'171 18 1055
| 82:.163 90 '73°180 936 50- 666 190.150 - 8l- .21 402
i 83 '165. '86 .79.195 941 72'.870 180 120 41 . 9 137
{ 84° 136 °90-. 46 160 573 -70- 690 170 13Q 49 < -8. 139
{ 85 157 .89 68 180 993 52 800 190 200 131 20 1018
b 86 150 ‘83 .67.180 749 63 732 200 120 .51 6. - 63
. 87 149 96 . 45°180 877 '50 ' 882 220 200 141 .10 .471
© '+ 88 157 %98 50190 477 ‘72 800.210 370 255 22 1045

89188 121 . 67190 875 56 723 200 180.117 -9 254

aa

B o R o o R e R ]

90, 191° 93 98 180.1202 62 909 180 180 109. 12 "529
‘ 91 168 95 72 195 820" 76 984 170 160 51 “12 231
: 92 180 102 78 160 1086 68 706 210 100 31~ 4. - 33 s,
4 ; 93 175102 73190 833 ' 72 645 210 110 .29 10. 121.
! 94 161 1037758 190" 419 125 612 220 150 ‘22 -3 12 Y
i o 95 159 96. 63-175° 758 ~70 '750.180.130 51 ' 8" 143
| A 96. 156 106 51 170,394 80 732 200 150 44 12 - 221 .BC'
| 97.,200 105 95 200 1061 46. 8821907250 172 36 1671
{ 98 183 110. 73 170" 723" 66 . 822'130 150° 56' 22 \401 L
= 99 - 186 .112 - 74 175 1012, 53 632 200 120.:59° 10 119
| ‘ 100 212113 99 225 1136 46.1882 200 280°'206 34 2943
i 101 170 87.83 1601085 70 750.170 170°'97 '8 113 A -
i 102 177 76 101200 822 110 631180110 **1-° 1 'L |
i 103 184 92 92 205 1284 33 967 180 250 * 84 45 3087 AC i,
. 104 178 92- 86 215 560 113 1200 180 240 72 - 33 908 i
| 105 190 93 97 160 1164 56 ~550 180 160 93 -’14+ 310 i
! 106 182 "52°130 '210.1700. 64 800 200 140 71 11 296 B -
: 107 210 122 88 2001290 56! 714 180 100 ‘40 -6 .70 A i
: .. 108" '204°120° 847190 856 - 58 1789200 170" 88 23 784 B .
: ' 109 - 174.102° 72 195 670 98 779 180 130 ‘30 - 2. 10 ‘A
110 170 100 ° 90 21Q_ 666 - 52 1053 220 220 104 . °3] 1792, B i
111 175 110 '65.180" 941 ~50 937210 120 60 ' 20 496 B N
s 112 +175 100 75°200°, 880 60.° 923 190 210 131- 18 981 A
113 187:-96 91 210 1525 56 ' 983: 180 160° 92 20 542° A (T
o 8 114 148 104 44 220 1042°.50'.952 210 50 .9 1 - 33.BC G

5 i o ol e g - Voo X
i / ‘' Membership in the random A, random B and C subgroups is
o indi'cated by A, B, and.C respectiyely. X o "
- e b . :
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Appendix B (continued). Data extracted from ‘the records of
the main group.

Ip shDe PP QTG LL RR QKD D NP'NB WA

|
- . 115 173 100. 73.190 673 94 811 200 230 123 10" 277 A i
IS 116 168 100 68 185 618 78 83§ 200 180 82 .14 :
i 117°.228°120°108° 165 1068 80 588170 170 75 17 3
i < 118 178 115 632207462 90" 938' 210 370243 18 1211 A .-
P .1197 167 101 66 190 1064744 666 :210 110 58 12
e 120 186° 98 88 180 1096:'53 659 (180 180 114 16 368 B
4 12171847102 ' 82 150 1344 34 645 '190 130 79 24 555 A
: 5 122 W73 1017 “72 160 . 674 .67 €82.°200 200 98 "26 713 B . ¢
123 168 .87° 81 170 1010. 64 741 -160 240 165" 13 .220% A
3 E 124° 190 '83 107°180 1475 47 800 170 180 117, 26 .493. A
e . 125192101 91°180 ' 943.50 857 200220 136 34 1501. B
I26: 160102 .58 185 643 50 810 200 160. .847°18 414 B ° i
- 127. 197 100 97.195° 575.66-1132 190.230 115 3972274 A ' .
128 ,168°75 93165 1466 54° 714.170 100 39 11 ‘154 A .
129184 108, 76 260 85476 '984- 170 130' . 45 - 9 .128. B

130,177 o 87 1951160 48 759 210 120 51 26 -464 B
a1 131 186 104 82 215 834 82 810 200 140 59 1" 39:A i
132° 167 104 63 21Q 670 60 789 210 210 124 .18 680 A . i
% 133 170 "95°,°75 195 1267 ‘44. 652 1707130 78 13 221' B
"0 134 180 . 89 - 91°210 1156 56° 566 170 110 41 :15 193 ° B

¢ 135 196 110 - '8B6 260 B840 60 698 180120, 54 -.10. 165 K

136 235 125 110 235 1613 30 659 170 230 163 .30 1713 B
137 159102 57 220 636 48 983 210 190°109 22,1087 A
138. 165 107 58-220 489 50 770 240120 31.- 7
139 157104 53 185. 576 48,706 240 180 99 21 671 .BC
140: 150 105 45°150 616 72 619 220 110 31 7
141 194 116 .78 170.1374 35. 652 '210°150 101 21 644 A~
142178 120 58 220 665 58 833. 240 260 187 ‘11 729 . B
143125 111 17200 50§ 18 ‘800 260 90 36 .10 119 A .
1447 158 104 54 23 488 68 923220 240 136 20 ‘907 B - -

. 1457135 106 29 180 554 30 833 220 80 32:°11'-157 A :

t S .. 146 17080 90 235 935 78 583 240 130 .47 16 235 B

147 161°116 45 165 659 58 ‘723 250.110+.39 9 117 A -

‘148 175 125 . 50 205..-587 83 674 240 120 37° 2-. 20 A '

1497 170 114 '56 250 517 72. 938 230 210 108. ‘17 336 .'B

150, 193,135 58 205".535 58 »968 300 240 140 .23'1281 . B

. +.'151 155 100 55 190 695 60 833 190 210 129 -16 715 A

. < 152 156 90 66 185 678 68: 833 '200 180 103 '15 434 B

77 ¢ Membership”in .the random A, Tandom B and C subgroups is .
¥ indicated by A, B, and c\ respectively. * g

s N ' d

-




Appendix C. .Data extracted
g v group

or”e

220 735
140 451
180°- 237
155 250
160" 760
240 569

1200 504
215 427
190" 378
250. 845
160° ‘250
185 357

190 592°

200 414
200 619
185" 506
210" 474

©200 477

210 "*535

the records of the post-MI

RR . QKD

732 225
652 220
857" 250,
870 230
800 180
1429 - 180
833 210
857 250
923 220,
714 4190
531 240
759 200
822200
1176 220
896 230
857 200

909 ‘260

1071 180

870. 220,

e, WA
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Appendix'E. Ta), The factor loading pattern of the main group.’
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