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Currently there is considerable 11tcr_;. in neo-invasive methods of
cardiac investigation. Because schocardiography prevides direct rather
than indircet infermation on cardiac structure and funcition, it hes
important advantaves over other methods, This thesis, based own three years'
experience, is an account of ny evaluationl of echecardicgraphy in a cliniesl
conbext,

I first saw the method used in 1969 when I wac working in the Denartment
of Clinical Cardiclogy at the Royal Fostgraduate Medical Scheol. Reherardicerap
was then new to the Urited Kingdom and was generally resarded as far from
regpectable. Although its non-invasiveness was an cbvious attribute, I becams
convinced of the fundamental importance of cardiae ulirascurnd whken ihr-mugh it,
my concsnt of the mechanics of the rermal mitrsl valve vwas clarified,

I started using the method in 1071 wken I first hed sceess te altrascoie

equipnent in the Department of Disgnostic Radiology in the Westers Inliraigy,

.

Glasgows my w0rk‘has been dore in apd with the ceo~cperation of that
After an initial éix menth period spent overcoming tecknicel preblens and
preblenms of echo identification, my colleague ard I estoblishe
service in cardisc ultrasound. At first T was the only source of refecrral

and even now, up to a third of the patierts are examined at my instizstion or

the methaod his beer reficcted in

e
>
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regacst, Toncthcless, increasing
riging rzferral flrurev: 250 patiernts were examined in the last six moutis,
Although mary of our carly problems were due to the intrinsic deficierncies

of our ori:

wal recording systems and would kave been aveided had a strip-chart
recorder been available, the lack of detailed publicked information on methods

s

of examination, recording and measurement undoubtedly alsc playel a part,

considerations go a long way towards explaining why Feigertaua (1973) has found
that much of the echecardiography done tofay is totally inadequate.

A a

AS 1y experience broadened, T became inereasingly critical of the quality

anVe o



and interprelation «f published cchosrams., I realised toe thsi bee

P S

.

there had been insufTicient emphasis on methods of neasurement und the
reproducibility of results, the gquantitative aspectes of cardisc ultrasound

were suspect, 1 ccrcluded that a rumber of facctis of cchocariiography

.

required further critical appraisal. 1 therefore conpiked and analysed

the data set oul here to provide a background for rzuearch ana foo routis

clirdcal investigation. Unfortunately, parallel haemodynanic studies were

PNCRN

often impossible: my work was done in a hospital in which I was net based

and I did not have sccess to the necessary facilities.

This thesis is basically an evaluation of the accuracy arnd listiations

of cardiac ultraszound, Hewever; I have wade some usc of echocardioiraphy

as a rasearch tool e.g. in the assessment of lef't ventricular fanction in

chronic renal failure end the results of this approach are glso presented,
Wew prospects for cardicovascular resecarch have Leen opencld up by sinple

dimensional and more recently multidimensional echocardiographr, It may

indeed be true that cchocardiography has reached a stage of its Qeveiopment

congarable to that of electrocardicgraphy 30 years ago (British Meldieal

Tournal, 1974). -If so, its potential is enormous.
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In the ultrasonice tracings ard the ddagrams cardiac structures

huve baey identified asz followss -
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mitral arterior ocusp

mitral posterier cusp

mitral ring
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left atrium
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muscular portion of interventricular septin

aortic root
tricuspid valve

pericordial effusion
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diastolic c¢losure rate of

left ventrieular

lef't ventricular
vertricalar e
vertricalar
lelt v

entricular

mitral

infarction

tic regurgitation

ratio

erd~diast
eni-systolic vcluge
rjection fraction

erd~diastolic pressure

£=4 lure

pmitral regurgitation

packed cell velume

lef't ventricu Lxr'

lef't vertricular
regular dialysis

lef't ventricular

posterior wall diastolic
poeterior wall excursion

therap;

strcke volume

valo

A vy

Cd v

.



CITAPTER T

FOUTPMENT
O e )

Professor Ian Doneld has onicneerzd the application of ultrasocund to medicire

(Donsld and Brown, 1791). Prgineers froa Yis dep=ricent of ultiasonics

. y 5

technology are rewpcunsitde for the maintenance and development of the eguipment

]

vhich we use fov echocardiography- Pecause part of thelr reamit as experts is th

evaluation of new and piotolyre ejuipmeri, we Lave the opporturity to try-ocut new
A}
ultrasonic units and recerding sysiens befere they become gencrally available,

-~ Yo 34 5 q y S
s iz Eskoldne 20 ultrasonoscope,

L

The apparatus which we use routinely al pussens

interfaced with an uliraviolei strip-chert recorder (Honeywell Visicorder),

iskoline 20 Ultrasonestope

This apparatus displays echocardiographic information in the Y4 (anpiitude
medulated) or '"TP' (time-positicen) modes,

A scan displsy

The A scan is ased to lecate intra-cardiac structurés, ¥Fcohows are displayed
as vertical Cisplacements from & horizentzl axis (Fige. 1,1)e Tre aazpliiude of

s g function of its refleclivity and of its

»
(=N
m

echoes received fron a structurs

~

depth from the transducer, -Thus, the amplitude of the echoes received fren

structures of egual reflectivity but al different deptuis, varice, To compensate
for the depth cempenent a centrol volizge, the tiwe-varied cr swept gain, is

applied to the receiver amplifier. The craracteristics of the veltege wavelora
are such that anplifier gain is low ¢ver the first few centimetrer aurd incroases
with depth r'ron the transducer., Fig, 1,2 shows the eflect of varying swept gain

vaveform on the amplitade of th: anterior echices in a string of exponerntially

decayirng echoes,

Pime~vosition (IT) divplay,

n N

Ochocardicgraphic records are made from the time~-position display. The
echoes are displayed as dots along ar irvisible horinontal timebase, 4 marker
grid is produced by intensifying the timebase at 1 cu. intervals end slovly
sweepleg the timebase wwards (Fige 1,3)e The A scan echoas ave applied to the

cathiode v e o



cathode ray tube to intensify the timebase : varying echo sbtrenglh is expresse

slowly sweeping the horizontal timebase upwards, ZXcheoes recordsd from moving
and static structurcs using this technigue are shown ip Tige 1,4

The echoes en the A scan very in sapiitude (Fige 1,1) ¢ & major dizedvant

of the Eskoline 20 is that these sigrnals szre used divectly to intessify the disg

m

in the IF mode. 'The dots which they praduce on the TP display var

there is resulting loss of infcruation. In more scphisticated processing syste

»

fixed smplitude signals are gererated wvd rzsclution iz improved (Fige 1,5).

- s
el YNII W Y - o ob ol ~ o
Recordins systems.

-

Ideelly, only a system which can provide a continucus recyrd of aultiplie

echoes shcould be used for echocardiograophy. The following considerations

~
-

AR Ce
—

explain why two of the three recording systems which we have used were basicszily

unsatisfactorye.
To obtain a valid echogram from an intra-cardiac structure, the inci
ultrasonic tieam maust strike it atl or near right angles, This roguirerent is

only fulfilled intermiitently because respiratory meovesent and mincr alteratior

.

in the angulation of the hand-held transducsr change the direclion of the Lear,

At any examination scme of the recorded echeccariiographic coaplexes are therclor

invalid and a number of couplexes must be recorded befors accurate neasurement

possible, To use ultrascund to measure the dimersions of a cardiac chanber or

e

display 1lhe anatomical relationships belween structures, multiple echicss aust oe

recorded,

1) Polaroid photciraphye

The time-position display is recorded directiy from the face cof' the

e

oscilloscope with a Polaroid camera, Maltiple eclioes are recerdel tubt the recot

is not continucus. The method has a rumber of disadvanizges,

Because each record comprises a single oscilleoscope sweep, at nocmal heart

rates no more thar 6 consecutive cordiac cycles can be recorded ard the time zp

ir'/...

o
e



in obteining valid echocardiographic irformation czn be considerable, Camera
settings reyuire to be charged wher the sweep speel is changed and also when
vismatism of the catholdlz ray

electronic drif allers the trace brighiness, -As
tuoe produces distortion of the warier (rid (Pige 1,3) ard of the recorded
waveform, Thus, this method of recordirg was found to be time-censuming. Further,

using 1t there was difficulty in making accurate measurements and in irnler-relating

echoes from differeit intra-cardisc structires,

2) Anadogue gate with paper chart recorder,
B oo <L B -

\

An uralogue gate was used to interface the Eskoline 29 with a paper chart
recorder (Minzogral 31B)s The gabe préduccﬁ a X0 signal which drives the chagti
receder. It is positioned on the 4 mode display so that it enconpusses the
maximun movenent of the echo to be recordei, The veliage of' the signal frow the
gote variez with the movement of the echo within it.

Although it provides a cortinucus tracing, this s;étem has the serious
disadvariage that only one echo can Le recorded. Further, distorted waveforns
are recordel if the echo moves out of the gate, if arother echo =nters it or if

echo drop-out occw's (Fig. 1,6).

We have thus {ound the method te be unsatisfzctory ard “ave nsver used it

on a routine basis,

3) Ultraviole:i shrip~chart reccrder,

The develcpment of fibre-optic faceplates has made it possible to cbtain an
in-f'ocus iuiage on the cutside face of a cathode ray tuhe, The focased image can te
trareferred to ultraviclet sensitive paper placed in contact with the catside face

the tube and a continucus record can be made by druwinz the paper across the
urface of the tube, The Honeywell Visicorder and the liedelec M scope zre two
commercially available recording systems which ulilise these prirciples, - They are
ideal for echocardicgraphy because they can previde a continuous recerd of muliiple
5 )

echoes. The paper width and the spot size of' the tube were among the corsiderations

on which our decision to use the Honeywell Visicorier was bssed. I was interfso:
with/e..

23



with the Eskoline 20, The marker sysicm was modified to provide 2 mm depth marke:s
at accirate, malns~referenced intervals of 2 sec, Video-blanking was used during
the warker write-out to ensure that the markers were clearly visible in arcas of
high echo-densitye.

Ve have used this recording system for a year, #@ith it, nol only has tre
time required for each examinaticn been considerably reduced biat echeo identificatie

ana the accuracy of measuremerils have improved,

The rate of prepress of echocardiography has reflected tke rate ¢f pro

(=

)

of its teochnclogy. That echocardiography is row ir a pkase of ranid developument
can be aserited in part to the introduction of ultraviclet strip-chart reccording
systems. Similarly, the serious disadvantsges of previous recording systens

Bl

undoubtedly retarield the develogment of the method over a nuaber of years,
Now that it is possible to make continuous records of detailed
echiccarilogzraphic information, stendardization of instrumentaticn and of

recording methods should be achieved,
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CHAPTER 2

MEASURITIFNT OF TEE DIASTCLIC CLOGSURE RATE OF HE FCRIAL MITRAL VALVE

Although echocardiography ig beling inereasingly accepted as a valid method
of earldiac investigation, instrumentation and zc"oroln& tecknigues are not yet
standardised (Joyner, 1972). No staniacl methods of weasurensnt from recorded

echogramns have been described and the within-sabject variaticn of such
“r

measurenents hag not been assessacd,

REdler (1661) was tre first to measure the dizsiclic closure rate of the
nitral valve from the arterior cusp cchogiaa in rormal subjecis., Pablished
valuecs for the diastolic closure rate of the nornal mitral valve vary (Table 1).
This variation, which undoubtedly reflcobts differences in methods of recordirg,
may slso reflect éifferences in amethods of measurement,

There is general agreezent on the diastolic closure rate of the rhewatie

nitral valve: the information obtaired fronm this scasurenent is eliniecally
-

,-
o
<

useful and has been well substantiated (Rifert of wdey 19643 Segnl, Likoeff and
Kingsley, 1966; Edler, 1967; Winters et ai., 1907)s In non-rlhcumatic mitral
regurgitation (Segal, Likoff and Kingslsy, 1567; Sweatman et al., 1972;

Tallury, De Pasquale ond Burch, 1972,; Millward, Nclaurin and Craige, 1973) and
in congestive cardiomyopathy (Zimdy el al.,, 1973; Millward et al., 1973;

Layton et al., 1973), the published mitral valve diastolic closare rates zre

\"

guite widely discrepant. Until all echocardicgraphic records arnd the methods
of mecasurement from them are ccmparsble, studles ¢f cleosure rztes by different
groups of workers will continue to produce corfusirg results,

The mitral valve diastelic clesure rate, considered in conjunction with
other echocardiocgraphic ard haemodynzamic measurements, may prowvdds an irndex of
left ventricular filling (Layten et al., 1573). Before this sugzesticn can be
validated, more precise ard repeoducitle measurement of the diastolic closure
rate is rnecessary,

This report describes how the fera of the diastolic cleeurc slope recesded
from a nermal mitral valve can vary, It indicates to what ex%cna this varizticon

alters/ees
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alters the diastolic closure rate measured from the slope and sugvests e stardard

method of measurem=nt,

Subjects and Vethods
S

Forty-~five rormal subjects ard one with lone atrial fibrillation were studied.
Their ages ranged from 15 to 50 (mean 29) years and }é were Tenale.

The mitral antericr cusp echogram was recorded with the subjects sugine and
care was taken te recerd the maximum amplitude of mitral movezent,

The apparatus used was an Bskoline 20 ultrasonoscope (Smith Kline Instraments)
with an unfocusel transducer. In L5 subjects, reccreds were made directly from the

oscillozuope with a Polaroid csmera. In the latter part of the study ep ultraviolet

atrip chort recorder (Honeywell Visicorder) was available ard with it records were

made in 5 subjects at chart speeds of 10 and 20 mw/cec and in one subject, at speeds

w3
L

up to 100 my/see. On the Polaroid recor 8, vertical markers inliceting one cm. of
tissue depth were recorded at intervals cof 0,5 sec, and on the sirip chart recoris,
0.2 cme depth markers were recorded at intervals of 2 sec.

On the strip chart records of each of 5 subjects, (he diestolic closure rate
was measured from mitral echograms in whkich the form of the diastolic c¢losire slops
varied, Selectidn criteria, which allowed reproducible closure rate measarements,
were established, Using only complexes which fulfilled these eriteria,
within-subject variation was assessed from chart recordings in twe normal subjects
and one with lonec atrial fibrillation, while between-subject variaticn was

investigeted from the Polaroid records of 45 normal subjects,

Results
Veriation in diastclic closure sleope ord memsured diastolic closure rate,

The echograms in Fig. 2,1 were recorded from the same subject at a single
examinations The amplitude, the form of the diastelic closure slope and the
diastolic closurc rate measured from the slope varye In record L (Fig. 2,1),
the amplitude is maximal and diastolic closure is monophasic, i.¢, has a sirgle

cozporent, In records 1 to 3 (Fige 2,1), the amplitude of 511 ccmplexes is
submaximal and diastolic clesure is basically biphasic, i.e. has two main

ccmpcncn*s/..,



compenents, the first of which is relalively slcw, The duration ord speed of

each of the two components vary ¢ for the secord camponent, this is well
iliustrated in record 3 (Fig. 2,1).

Fig. 2,2, recorded from another subject; also i1llustrates the varizbility

of the dizstolic closure rate measured from corplexcs in which the form of the
diestclic ciosure slope differs, aplexes 1, 2 ard 8§ are monurhasie =xni the
digstclic clo 1 differs. Coaplexes 1, rd ;

measured faustelic closure rutes are in close agreement,

-2 b P - Yigom a g b PO - AN . LS =
methed of measurenznt of the diastslic ¢
L BTy SR i

B

From Figs. 2,1 and 2,2 it can be seen that measaresecnt of the disstelic «lesure

-

rate from a closure movemert with & sirzle component is technienlly easy and provides
reproduciltle results. It is evident that when there is more then one component; a
decision on which of these to meusure must be made, If, for a kiphesic closure

movement, the initial component is chosen, the measured disstclic closuce ra

slow, and il the secord component is measured, the diastolic closurec rate is fast.

Further as is il lustrated in Fig, 2,1 recerd 3, although measurement of the fasi

=
component of & biphasic elosure mevement may often produce a diastelic closure prate

e

comparatle to that mcasured from a monophasic one, mere variation can cccur,

It is always pcssible to record a monophasic diastolic closure movemeut £

L2}
(X1

a rornal mitral valve,(Fig. 2, 3)e In Pigs. 2,1 and 2,2 the complexess with
menophasic movements have a maximal amplituie,

It is concludsd that when the &mplitude of the recorded echogram is maximal,

(8}

diustolic closure of the normael mitrsl valve is always monophacie, 1t is therefor

suggested that to standardise results, measurement of the disstolic closure rate of

the nomal valve should be made only from mitral anterior cusp echograms in which =

single component dizastolic closare movement has teern recorded,

withir-snubject varisztion of the diaestolic cleosure rate,

L
v

varizsticn of {the diastclic elocure rute, orly
echograms in which the closure was menophasic wers selected for measurement, Tie

¢izslolie closure rates of a series of complexes were measuarel on sirip chart recerls

'
f'!‘c'e/, -
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from each of 3 subjects, two normals and one with leons atrial fibrillation,
Ferty-five complexes were measured in ore subject and the distribution of

the closure rates obtained is shown in Fige 2,4 The range is 130 to 210 mmw/sec,

the wean 160 nm/scc. and the standard deviation 14 mn/secc. The curve superimpcsed

s the normal distribution for this mean arnd siardard devistion, The data are a

e

- . . m

socod fit to a nogmal distribution. This suggests that the within-subject variaticns
are random and that no systematic bias has teen intreduced by the selecticn eriteria,
< N

- ' . - b .
Meesurenents were made from 15 complexes in the other normal subject.and {iowm

15 complexecs in the patient with leone atrial fibrillation. The means and standuxd

14

devintions for thece two sevies of measurements were 201- 11 mw/sec ard 200= 12 wn/ae
respectively ;¢  the standard deviations are comparable te that of the series in

Pige 2,4, In atrizl fibrillation, therefore, the varyirg ventrieular ratc does not
:affent the milral diastolic closare rate ¢  this can be confirmed by incpection of

Fige 2,5 Fig. 2,6 shows that in resting normal subjects in sinus rhyihm, the

diastciic closure rate and the heart rate are unrelated,

The normel mitral diasteclic clesuvre rate,

To investigale belween-subject variation only echegraas with a moncphasic
diastolic clusurf;mavcnent were selected ard the diastolic closure rate was
measarcd frem the Polaroid records o 45 normal subjects. At least 2, and wp to
6, complexes were measured in all subjecls ard a mean diastolic closare rate was
calculated for each, The starndard deviations were cemparable to those obtained
from the 3 subjects in whom a larger series of messurenents wne made, The mean
values for the L5 subjects are shown in Fig. 2,7. Ihe rarge is 128 to 234 my/sec
with a mean of 176 mq/sec. and a stardard deviation of 29 mw/sec. When these
results are compared with these obtained from multiple measurements in 2 single
subject (Fige 2,4), it is evident that the ranges are comparable, However, the
valuss frem the group of 45 suabjects are more evenly distriobuted throughout tue
range and give o standard deviation of nore than twice trat of the within-subject
study. The findings suzgest that there is a real between-subject variation in the

normal mitral disstolic closure rate.

Discussior/ees
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Biscussion

The variation in published values for the diastciic clesure rate of the necand
mitral valve (Table 2,1) undoubtedly reflects diffcrerces in methods of reccrding :
some of the workers used Polaroid reccrds of the oscillmscone display and others,
employing an analogue gate system, recorded a single eclic orn ain ini: or photographic
recorder, Both these recording metrcds haye disadvantages (Pes s, 1972; Joyncr, 1972)
and echograms obtained by them are unlikely to be technically comparable,

The variation in published normal velues may also reflect differences in
methods of measarement : few of the authors detail their method of meazurement,
none comuents on the varisble fora of the recorded éiastolic closure meverents and
only one indicates the extent of the variation in czlculsatel liasvelie elosure rates
from 2 single subject. In echograms in which the clesuare moveient has two
components, Ross, (1972) measures the slower first comperent. OCther aathors
illustrate diagramatically the method of measurement when closure is monophasic
but fail to describe how the diastolic clesure rate was cslculated frem their
actuzl records which are ofter winhasic,

3trip chart éecorde are & major advance, Beecause multiple echoes arl an

unlimited number of cardiac eveles can be recordeld, the accuracy of mezasuacepm=ri
x 3 J

L0

made from the echograms can be improved. PFrom strip chart records it has been
concluded firstly that monophasic diastolic closure movements can always be recorded

from 2 rormal mitr:l valve and secondly that whern diastolic elesure is moncphasic

the amplitude of the echogram is maximal, while when closure is biphasic the

amplitude is submaximal., The form of the recorded closure movement is thus a
function of the amplitude of the echogranm.

It is technically easy to measure the diastelic clesure rete from a monophusic

record and this stady has shown that the results arz reprofucible, It is sugrgested
that to standardise measurement of the diastolic clcosure rate, measurements should Le

made only or echograms with a monophasic diastelic closure movement, These

echograms have a maximal amplitude, Wilde and Pridie (1973) did net consider the

diastolic/ses



Lie

diastolic closure slope or diastolic closure rate but stated that for a
reproducible mitral echogram the amplitude should be maxiunal, Selection for
measurement accordirg to the form of the diastolic <losure mevement has tle
practical advantaze that suitable complexes can be identified on previocusly
recorded traces, It would otherwise be impossibl:s to deeile which echograms on
these traces vwere of maximal amplitude,

Altheugh the diastolic closure rate should be measured on monophoric r<cords,
the relation tetwesn these measurements and haemedynamic events is uncertiain,

-

Because the echograms thus selected for measurement h: wve a maximal aup

L-l

(7]

tude,
they are thecretically likely to derive from the free margin of the mitral antericr
cusp, In Fig., 2,8 several echograms comprise both menophasie ari biphasic closure
movenents ¢ the origin of tke moncphasic mevemert is always anterior to that of the
Fal
4

e

biphasic one, consistent wiih its derivation from the frece edge of the 1eaflet,
Inspection of Fig, 2,8, from a subject with systemic hypertension, also 1llustrates
how, particularly when using an analogue gate system, the most antericr portion of
the echogram may be omitted. In these circumstances a biphasic closure meverent
originating bcnan the free edge of the cusp,will te recorded,

.

Applying this standard methed cf measurement, the mitrel diastolic closure

rates recorded in nermal subjects are higher than most of those previously
published, Layton et al, (1573) used an analogue gete system ard attributed the
slow clesure rates which they observed to the fact that they were recording st chart

reeds of 100 mm/sec.  Hewever, in this present study records were made in a nomnal
subject at speeds ﬁp to 100 mm/sec, (Fig., 2, 9) ¢ it was foun? that with the probe
positioned to give a monophasic closure movenent zt low speelds, ar increase in chart
speed intrcluced no additional cceiaponents. Therefore, measurcments of the ddastolic
closure rate at different recording speeds give consistent regults,

Although it has been possible to make reproducible messurcrments of the

diastelic closure rale and the standurd devisticn of within-zubject measurements

S

as been shown to be acceptably small, it is still possible to record widely varying

sure rates from a single subject (Piz. 2,4). To estimate tre Jiactolic closure



rate accurately it is thus essential to make measurements frem a series of
complexes, Because of the disadvantages of: cther recording methods, these
measurencnts are best made on strip chart records, Measurement cf mcncphasic
closure movements on strip chart records should provide results of sufficient

accuracy to allow irvestigation of the recent suggestion that the mitral diastclic

Sumnary

Published values for the diastclic closure rate of the rormal mitral
valve vary and reflect differences in mcthods cf recording and measurement.

From strip crkart records it was corcluded that the form of the recorded
mitral diastclic closure slope car. vary, that reproducible measurements of the
closure rate can be made from echegrams with monophasic closurs movements ard
trhat the amplitude of these echcgrays is maximal,

Measurirg only complexes with monophasic closure movements, the within
and the betwecn-subject variations of tne normal mitral diastolic closure
rate were irvestigated, The rarges cbiaired from multiple measuremerts in
a single subject gnl from a group of 45 normal subjects were comparable but
the distribution of the results difrerved. It was concluded that there is a real
between-subject variation in the rormal mitral diastolic closare rate and
trat the diastolic closure rate in a sincle subject should be determined by
measuremnent of a series of complexes,

The accuracy of measurcment of the diastolic closure rate of the rermal
mitral valve has beer imprcved Ly usirg strip.chart records and by mcasuring

only echograms with a moncphasic diastolic clcsure movement.

.

2 3

01031;3 raote can be used as an index of left ventricular £illing (Loyton et als, 1973

’
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FIG. 2,1 NORMAL MITRAL VALVE. AMPLITUDE, CLOSURE
SLOPE AND DIASTOLIC CLOSURE RATE VARY .
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DIASTOLIC CLOSURE IS MONOPHASIC IN COMPLEXES
1, 2and 8 AND BIPHASIC IN 3, 4, 6 and 7.
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FIG. 2,3 DIASTOLIC CLOSURE IS MONOPHASIC



FIG. 2,5 LONE ATRIAL FIBRILLATION
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FIG. 2,9 DIASTOLIC CLOSURE AT DIFFERENT CHART SPEEDS




. CHAPT®R 3
roc Ky ot MG 2

THE MITRAL DIASICLIC CLOSURE RATE TN MYCCARDIAL INFARCTICH
Sk SO S el SR

The determinants of the diastelic mlesure rate of the mitral valve have
not been eatablished, Cardiac lesions characteristically associated with
either an increased or 2 decreased diastclic closure ratc nave, howsver, been
defined,

The mitrzl diastelic closure rate invt*e resting rorm2l swkject ic
unrelated 4o heart rate (Chap, 2)s In bypertrorhic cbstructive cor omyepathy,
the left ventiricle is resistant teo £3illiyg and the nitral diastolice clesare rate

is reduced (Poppr and Harrison, 1962). Ir znon-rheumstie sitral cecurgitation, an

=5
2]
‘
E
>
i
]

u

ircreased volune of bloed is delivered te the Jeft ventricle urder ur’

Jeft atrial pressure and tiie pitrel diastelic closurs rate is irverraiasd (Seir

2
Likeff arl Mingsley, 1965). Ihese estalliched 2zsceistions suspest a relstlor
Letweer tle mitral dizstolic closure rate 2nd left veririecdlar £111%ing,

Left ventricular filling pressure has tcen shown 4c¢ be consistentl;
elevatel in patients with acute myocardial irfarction vhe have sleur clinical
evidence of left yentricu]zr failure (Wolk, Seheilt, and Rillip, 1972;

Soteidt et al., 1973).

Tre Wasic ainm of this clinical study was to measure the mitiel diasihels
eclosurs rate in the ezts in both the acube snl the convalemcers
phases of m ceardial infarction ani thur tc irvestigste the relaticn hetwocy tr:
1eft ventricaloar £2113rg pressure and the diartolic closure rate,

Patien's

Mitrel eshogrems were recorded within 43 hoars of myvocardizl irfarctioxn
N 55 patients slmittel Ur = corerary care units Technically
satisfaclory records wave oblained ir 4) 2ad orly “fess paltisrts were dreclude
in the studys Thelr ages ranced froz 35 to 89 ("cu~ ;6) eqrss 3L wese wples,

-

T
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of infarction’and 4 showed segquential ST-T changes cnlye The irfaret v
anterior in 22 and inferior in 18 cases,

Six patients died in hospital ard two died within a week ¢f their

..

discharge. Thus the hospital mortality for ‘the grous was 137 while the
mortality at one month was 20 Post-morten examination was carried oud
in 5 cases,

0f the 26 patients available, 24 with technicall; valid eclicgisms
were included in the follew-up study. In 17, the time frem iufarction te
follow-up vias between 5 and 8 weekss the lorgest interval beforz folleow-up

exsmination was 7 months,

s

|

{e

o+

hods

The appearatus used was an Eskcline 22 ultrasoncscepe with er unfecuced
transducer, The transducer was positicreil and angled tc record ths mitral
arterior cusp echogram, Polarocid records of the TP scan were nade from the
face cf the oscillosccepe,

In the acute phase, ultrasoric examiration was carried out witsh the

atients in bed, ' At the same time, they were examined clinically with
articular reference to evidence of left heart failure and mitrsl
insufficiency. Chest x=-rays, with the patients seated erecct, werse talen

as near as was feasible to the time cf the ultrascnic and clinical observations
Echocardiczraphy was repeated in 12 patients during the acate phase of their
illness.

The follow-up staly was undertaken on un out-patient bLasis, Ths patients
were resved for 10 minutes prior to echocardiographys All were examined
clinically ard 11 had chest x-~rays,

The cardio-thorucic ratic wes measured on the chest x-rays. Prominence
of the upper lobe veins in tre erect posifien was the minimum recuirement for
the raliographic diagnosis of left heart failure, For the purpcses of tkis stuly,

left heart foilure in the acute phase, was Jjudged to be present or absent on

and clinical asscssmente were in accorid

Q

radiozraphic grourds. The radiocgraphi

5 -

in 38 instances: 2 patients with doubtful clirnical left ventricalar failure

had/, e



hed normal chest x-rays and were assigne? to the group in which lef't
ventricular failure was absents 2t follow-up, symptars, clinical examinaticen
and the chest x=rey when available werzs usel to evaluate the intezrity of the
leit ventricles
On'y mitral cchograms with moncphasic diastolic closure mevemenis were
selected Ior measurcment of the diactolic closure rate (Chap, 2)e Yore ‘han
one complex was measured in 25 acute and 14 convalescernt patients, for each
of whom & mean diasiclic closure rate wns'calCJlatci. when a patient was
gzamined on more than one cccasicn in the acute plase, ths diastolic closure
rate rsceorded nearest to the time of chest x~ray wus chosen for analysis.
Comparisons were made between the mitral disstolic closure races in the
acute and follew=up groups, The diastolic closure rates in both thesc groups
were comparad with those from a series of normal sudbjects: mean 176 m/scc.,
-standard 2eviation 29 my/sec.” (Chape 2).
e 3

Staticiical analysis was by Student's 'L' tests for the significance of

differences Letween msans and between pairel cbservations.

The mityral Fiastclic closurs rates in the acube phase are shown in
Fige 3,1 znd at follow~-up in Fig, 3,2. The closure rates plotted on these
graphs have beer expressed to the nearest 5 mn/sec. but precise values were

4

usel to calcilsate the means and standard deviations. The staotistical

(o}

significance of the differcrnces betveen the diastclic closare rates in taoe
~

infareci paticute ard rormal subjects is shown in Table 3,1 Table 3,2

icance of the differerces betwesn patient sub~groups.

1+
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The nitral diastolic closure rate for.the grecup was 214
This was significantly higher (P<0,035) than nornal,

Left vertricilar foilure presert

The mitral dizstelic closure rate ranged from 8) to 377 mn/sec. In 15



- /e

cases it was above the normal range and in 4, elihough within the range

of normal observaetions, it was > 18D above their mean, The diastelie

closure rate w:s normal in 5 instances, 18D below the rormal mezn in one

and sbnormally low (89 my/cec) ir a patient with rbeumatic mitrel valve 3isease

The differcrces betweer the mitral diastolic 1rf rotes of these

1

patients and both normal subjects (E<<0.001) and acute infarct patients witheut
radiozraphic left ventricular failure (P=0.001), were highly significart.

Left vertricuolar failure abeent

The mitrsl diastolic elesure race rsnred from 123 to 213 mm/?sc. While
in 13 cases, the clcsure rate was within the range of normal cbservations
one it was 13D above their mean, Anr 2bnormelly lew diastolic clesurc rate
(122 mp/sec) was recorded in cne patient,

The mitral diastclic closure rates of these patients did not difler

significantly from normal (P>0,10),

II. Follow-up

Al) patients

The mitral diastolic closure rate was 186 X €3 my/sce, Tris did

;._.
s ]
>
o5

differ sigrificanily from normel (P>0.12).

Left ventricular failure oresent,

The mitral diastolic closure rate ranged from 132 to 360 mm/sce, It was
increased in 3 instances, within the normal range but=15D abeve its mearn in cne and
nomal in two,

These values did not differ sigrificartly from those chacrved in nermzls
(P£0.10) and in corvalescent infaret patients without left vertrieular failure

(P<0.13),

Left ventriculsr failurs obsert,

The mitval diastolic clesure rote range? from 83 %o 275 um/sec, Thile in

‘-l

13 casez the closuve rate was within the rarze of nermal observations, in 2

it was=>13D abeve their meane Increacsed closirz reites were cbserved in 2
and low values were recorded in 3, including the patient with rheunatic mitral

vrl":\/



There was no significant

differcnce

batween

the mitral diastel

rates of Lhese patients and those of normsl subjests (P>2.13).

Conparison of the results in

the

acute phase ard at fcellew=up

The diastolic eleosure rates

myceardia

2 patienls were examined i
the resulis are expressed graphi

paired cbservations was ag
2e

.ac decompensa

Qe

significant (P=

a3 tic

c

n wasc

phases in

unchange? or had fallen,

munnar in the interin, the

275 mq/suc. at

folleovi~upe

group did not differ

1 infarction and from the

!-L. —\L ‘LO

In one

recoried

r,l

4.

cally in Fige

these

2bhsent in

12 patiernts, in 9 of whon the closure rate 2t follow-up

A4z

‘1_, [

ens vho

The closure rates

from the 40

corvalescent patients (Group

e
acuve

L
Ov

Fatients witkh

arnd corvalescert

35 When Stulent's

Je

data, the differcrces

.
vy

tthe acute and

had developed an

at the two examinaticr

significantly (P>0.13).

phases:

ic clcecsure

acute

1.0
v

test

were not

.

corvalescent
was essentially
apical syuztolic

diastelic clesure rate rose from 167 mm/sec ie

in this

-
S

Left ventricular failure was nresent in 14 natierts ir tre acule phase
and persisteld at %cllcwwqg in 6, In these 6, the diastolic clesure rates at
the two exaninations wers not sigrificantly diffevcrt (P>2,10) despite
substantial slewing ir two cases .. from 257 te 130 w/sez and from 299 te

effors Tollo

the diastolic closure rate rfell in 5 cases and was urncharsed in two, one of whenm
vas the patient with rheumatic mitral valve disease: the closure rate increassi
in only one instance, The 3ifferences betweer the pairsl cbservations wure
greatest his group but Just failed to reach statistical siprificance (BR<7.10).
Papillars muscle infarction
dcute phase
A systolic murmur at or internal to the cardiac apex was heard in 9 patients



with scute myocordiasl infarction. One was knonn to have rheumatic mitral valve
discnzz, Pogt-mortcm examination confirmed the clinical disyrncsis of
of the inter-ventricular septum in two patients with anterc=-septal infarcticn.
Irn one of these patients, ir addition to the ventricular septal dsfect, there
wos microscepic evidence of carly infarction of tre h=se of the anterieor
papillary muscle. In the other, echecearliorraphy demonstrated a pericardial
eftusion (Fig. 3,6): a mederate quantity of sero-sarguircus pericardial fluid
was present al post-mortem. »

The remaining 6 patients with aurmurs survived: clirically, acute
papillary muscle inzufficiency wos thought te te preobable in 3 cases ard to te
almest certain in 3 olhers. Fig, 3,7 i= the echocardiogram frem a patient
with classical elinical evidence of pepillary muscle dysfunction.

Two gatients in whom no muwrmur was heard were fourd té have papillary
muscle infarction zt post-morten, One had extensive rscent infarsction of the
free wall of the lef't ventricle and ¢f both pasillary muscles while the cther
had recent und previocus posterior rapillary muscle inferction.

o2 | PP PR
s

There were thus patienls in whom a disgnosis of pupillary muscle
% & pup

(@]

e

infavciion was made ot autopsy and/or on clinical exanination, The #asbtolis

e
o]
e

closure raves for these patients huve been plotted in Pig. 3,1s They are

everly distributed and do rot differ significantly from the remairnier of tre

group (P>0,10). When these 2 cuses are ercluded (Tables 3,3 and 3,4), the
closure rates of acute infarctz with left ventricular failure remsin significantly
hicher than these of norm:l sihjects (P<0,071) sril those of acute irfarcts withou:
failure (P<0,002),

Follow=1o

e

Av follow-uy, apical murmurs persisted in ) patients and bad developed in
3 others, Cn elinical grounds, papillary muscle insufficiency was a possitiliiy
in eachs The dinstclic elosire rates have been ploited ir Fig, J,2: they are
fairly evenly distributed and de not differ significantly frem ths remainder
of the group (P<L0,10), Exclusion of these c2ces dces rot alter the

sigrdficance of the Aiffercrnces betweer the closure rates of the »utients and




these of normel subjects or between the closure rutes of patient sub=groups

(Tatles 3,3 and 3,4).

Serial measarensnts

Mitral eohoqr~~° were recorded in 12 patienis on more than cne oceasion
during their scute illness: the diastolic closure rates have been charted
(Pige Z,4)e

Patients 1 %o ) had ro c¢linical or radiopraphic eviderce of left heart

fajlure: Fige 3,5 is a reprz=sentative echogram from patient 3. Patients

5 to 12 had 2liniesl evidlence of lef't ventricular feilure at the time of

each Wltrasrcric erxaninaticom chest z~mys to confim the clinical assescament
were rch, however, taken on every occasicn (Fiz. 3,4). TFize 3,7 is the

acute phase echogrum from patiert 5 who had typical clinicsl signe of papillary
muscle dysfunctions At folleow-up the irtensity of the murrur had diminished
and thers was no left reart failure, Patient 10 rad ne murmur bui had
postericr papillary muscle infarction at pest-morten, Patients 2, 9 zn2 12

ation wes not carried cut,

he dastelinc closure rate ard oroznesis

The mean diastelic closure rate for the pstients who died was 27J am/sec

and was wavlflcarfI” higher thar the mean value for all cther scute phase
infarcts (P<D,01)e The three fastest closare rates recorded in the series

were frem patients who did not survive., PFurther, of ‘ke 8 patients who died,

6 had diastolic closure rates above 235 ny/sec,

; <
Discussicn

The nomeal values against which the mitral diaztolic closure rates in this
study were asaessed uwre higher than most of those published., Thiw reflecis
differences in methods of recorling an? measurement
taken with the selection of complerzes for easurcment, the accuracy of the
diastolic closure rates feor the infarct patients is acceptatle, but woull have
been irmproved had g strip-chart recerier been used,

A chest x-r2y token with tle paticnt scated erect is superior to c¢lirical

exavination/ees
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examination in the detection of early left heart failure ecomplicating acute

myccaziinl infarction {Chaii et al,, 1;72) In the acute nhase of this

investigation, cardiac deccompensation was therafore diagnosed on the basis
the radiograpric findings.

Killip and kis co-workers have fceund the left ventricular cud-diastelis

1)

sgur~ to be consistently elsvated when left heart.fajilure, even ¢f o'lé
Accree, complicates acute myorardial irfarction (Wolk et al., 1972; Scheidt

et al., 1073). Their criteria for thc rodogriticn of milld left heart failure,
both lurg fields®, were less rigorous the

Thas, 4t is reascmable to sssume that the lef't ventricular erd-diastclic

preasure was elevated in the ratients judzed here to be in left Yeart foilire.

The results indicats that whereas the diastolic closure rate of e mitrzld

valve is normal in uncomplicatel zcute myocardial infarction, it is ircreased

also evilence to supggest that the diastelic closure r.te returns te normzal
with resolaticn of left heart feilures hovever, th: number of observaticns
was sazll and the findings were rot statistieally sigrificant, Further, th

mitral diasiclic cleosure rate lLas been fcund te e normsl in convalessent

infarcy patients withont heart fallure,

IV s clear frem these ohservations {lst the diastelic clcsure mite of
the normal mitrsl valve increases in the preserce ¢f rudiogranhie evidence of
left heart failure, It is trercfere concluded that in the corntext of acile

fyccardial irfarction; the left vertricular £7ATINS pressares g 4 as
of ths mitiral diastclic closure mte, Fowvever, a few patients hal rormzl

left oot failure, Tese

(o
D
r$
]
o
@
Q
o
(o]

dizetolic clesure rates despite th

ol

excepticns suggest that the diastolic clezure rate has adliticnal deterainants,

Layton et al, (1973) reache’ similor comslusicns, They were, Y owever, uralle
to listincuish between patients with high 2rd those with normzl left ventricular
end-dizstolic pressures cn the tasis of the ¥astelic closure rate and preduced
some evidence thai ventricalar disstolic compliarce is 3 farther factor determiring



the mitral digstolic closure rate. The highest diastolic clesure rate they

observel was 170 mn/sec: redused ventricslar compliarce may well have been

responsible for the slow clesure rates as most of their patients had established
vent diseace. Nonetheless, the dias ic closure rates reporied bty

left ventricular disease. MNonetheless, the diastolic closure rates ted by

.

these workers in normal subjects are so widely at variance with those observei

by others, that the wvalidity of their measurements cen reascrably be doubted

(Chap. 2) .

It is likely that the diastclic clecsure rate has wultiple determinants,

d

Thus, in a2 model left vertricle, xitral valve flow and vortex formatiorn within

the ventricle hove beern shown to play a pert in valve closure (Bellhouse, 1572),

e

Further, if the diastolic closure rate reflects the rate of left verntricular

£illing (Layton et als, 1973), ‘hen lsfti atrial and left ventricular size,
performance and compliznce and all the factors influencing them may be invelvel,

Left ventricular compliance may be reducel in acute myscardial irfercticr
(Piemond and Forrester, 1972). Whern the presert study was undertsken it was
anticizsted that this abnermality would be reflected in slow 2iastclic closurs
rates. This has proved not to be so; with thes exception of the patient with
rheunatic heart disecase; nc abnormally low values were recordel, Reduced
veniricular compliance could, however, have accountel for the normal clesure
rates found in the presence of left heart failure in 4 acute glicse ard 2

o

comvalescent patients, Reduced ventricular rempliance was thought te he 13
g€ paticents with acute myocardial infarction. Thus, ore of them had
tachycardia anl a substantial pericarii2l effusicn while the
other, whe pursued an incractable cuurse with a sinus tachycardie ard gross

pulmeonary vedena was found alb post-meorter to have almost teotal left ventriculer

free wall infarction., The other two patienis kad elsctrocardiograghically

[27]
o

localised infarcts and resporded readily to anti-failure therapy: an imporiart

redaction in ventricalar conpliance was censidered to be unlikely,

M vy 3oy 4 ~ly ’ v 1ed eeg s P - 1t Tres A3ae 1 T e 4
Tallax De Pasguzle and Burch (1972) fourd widely flactuating 1iastolic closure

v

rates in infarct patients with auscultater; evidence of papillary muscle dysfuncticns

the results in patien Fige 3,4) corfcra to the patiern they chserveds

part
U

1

chosardiographic/see



Echocurdiographic features diagnostic of papillary musecle dysfanction have not,

N -

hovever, becn reporteds The problems of ciinical diagnosis have been highlishted

- here by the two cases of extensive papillary muscle irfarction detected only

post-mortecm, The contribution of ischaeimic mitral regzurgitation to the high

o]

tes fourl in patients with lef’t hearv failure must thus

diastolic closare
remain uncortain, It is, hovever, important to ncte that exclusion of patients
with probable or proven papillury auscle dysfunction from the analysis did rot
alter the general conclusions,
Lookking at the results in practical teras; there is eviden~e that
measuremnent of the diestolic closure rate in acule mycecardizl infarction
may not only differentiate beiween patierts with normal and these witih
high left ventricalar pressures but may, vhen considered in conjunclicn with
Iings, identify patierts in vhem lelt ventricu

is reduceds. It is likely that further useful information could te cbtained if

the diastolic closure rate were ccrsidered in the light of simultznecus

wltrasonic assessments of left ventricular dimensions and perforisnce,

Summary

Cardiac lesions in which the diastolic closure rate of the mitral
valve is increased and others in which it is decreased have been dcfined.
These established associations suggest that left ventricular fillirg and
the mitral diastolic closure rate are related,

To investigate its relation to left ventricular filling pressure, the
mitral diastolic closure rate was measured in the acute (40 patienis) and
again in the convalescent (24 patients) phase of myocardial irfarction. Left
ventricular fillirg pressure was judged to be normal or elevated on radiographic
grounds,.

In the acute phase, the diastolic closure rate was increased in the
presence of radiological left heart failure (R20,001) and was normal in
uncomplicated myocardial infarction. In the convalescent phase, the diastolic

closure rate was normal in patients with (P=.0.10) ard in those without (P;>O.lo)
left/...
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left heart failure, VWhen left heart failure resolved the_diastolic closure
rate fell, but not significantly (P>0.10).

It is concluded that, in the context of acute myocardial infarction,
left ventricular filling pressure is a major determinant of the mitral
diastolic closure rate, It is susgested that a reduction ir left ventricular
compliance should be suspected when radiographic left heart fajilure
complicating myocardial infarction is associated with a normal mitral diastclic

closure rate,




TABLE 3,1 ALL PATIENTS

DCR mm./sec. | Difference from normals
n Mean SD P
Normals 45 176 29
A. Acute phase infarcts
1. All patients 40 214 69 < 0-005
2. LVF present 26 241 70 <0-001
3. LVF absent 14 165 28 >0-10
B. Follow-ue infarcts
4. All patients 24 | 18 | 63 >0-10 TABLE 3,2
5. LVF present 6 234 | 81 <0-10 N
6. LVF absent 18 170 | 48 >0:10 ALL PATIENTS
Combining A and B
7. All patients 64 204 | 67 <0-005 GROUPS P
8. LVF present 32 240 71 <0001 1&4 >0-10
9. LVF absent 32 168 40 .
oren ol 243 <0-001
586 <0-10
8&9 <0-001
TABLE 3,3
PATIENTS WITHOUT PAPILLARY MUSCLE DYSFUNCTION
DCR mm/sec. Difference from normals
n Mean SD P
Normals 45 176 29
A. Acute phase infarcts
1. All patients 32 209 67 < 0-02
2. LVF present 20 236 69 < 0-001
3. LVF absent 12 163 28 >0-10
B. Follow-up infarcts TABLE 3,4
4. All patients 17 174 66 >0-10
5. LVF present 3| 249 | 15 >0-10 PATIENTS WITHOUT PAPILLARY
6. LVF absent 14 157 | 42 >0:10 ~ MUSCLE DYSFUNCTION
Combining A and B
7. All patients 49 | 197 | 68 <010 GROUPS P
8. LVF present 23 238 73 <0-001 184 <0-10
9. LVF 160 -1
LVF absent 26 35 <0-10 283 <0-001

586 >0-10
8&¢9 <0-001
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FIG.3,5 CASE3, FIG. 3,4 PERICARDIAL EFFUSION COMPLICATING
MY OCARDIAL INFARCTION

FIG. 3,7 CASE 5, FIG. 3,4




_ CHAPTER 4

ECHOCARDIOGRAFHY OF THE IEFWT HEAR

If misinterpretation of echocardiographic infoimuation is to be aveided,

it is essential to have a detailed knowledge of the orjvins zrd the inter-relations
of the echoes which can be reccorded from the normal and the abnorrsl hezrt,

Edler made a basic contribution when, from anstenicel considerztions ard from
studies or the isclatel animal heart, he ilentivied the mitrel enterior cus:
echogram and thus estublished & point of refererce froa which the cvizins of
other echocs could be deduced (Bdler, 1961; Zdler et al., 1961). Subseguently,

~

the echoes from several major intra-cordisc structarss were iderviricd and

inter-related by Wlirasonic contrast studics (Gramialk, Shah ard Krmmer, 1962)

and more recently, strip-chart recordings have been usel to display trese
inter-relations (Feigerbaum, 1972). However, the echocardiograplic featurcs
-

of some intra-cardiac structures have not been fully described ard there is

evidence in the literature that, possibly as a consequerce, echocsriiozrazhir

-

findings have ocecasicnzlly been misconstrasd,
In this account, receriz from norsl subjects and from patients with

non-rheunatic heart disease are used to illustirate in detail the echiconrs lographic

features of' the let heart.

Materizl.

Ultrosonic records from normal subjects and from patients with nor-rhewatio

ylayved the inter-relatiouns of left

heart disesse were reviewed, Those which displa;
heart structures and which were technically satisfactory were selected @nd fernm
o

the busis of this account,

Methods

The equipment used was an Eskoline 20 ultrascnoscege with aa wieocased
transducer. FPolarcid or strip-chart (Horeywell Visicorier) recerls wece made @
on these, tissue depth and tine markers were recordei as previously lescribed

(Chap 2). With the potients supine or seated erect, the nesition and angalation

Of/...




of the transducer were altered freely to display the intra-cardizc stiructuree,

Discussion

The anatomy cf the normal left heart is illustrated diagramaticsally
in Fige L,)l.s The paths of the ultrasonic beam which have been superimposed
are referred to subszguenily.

Acrtic root

Gramiak and his cc-workers describcd +the aortic root cchogram and showed
that it is related posteriorly to ‘he 12ft strium (Cramiak et a2l., 1369). They
later used the depth of the left atrial cavity behind the aortic roct at
end-systcle as a measurement of laft «lrial size (Gramisk and Skah, 1071),

This mecsuremert cannot be precise becanse there are no points of refererce
from which the path of the ultrascnic beam in the lef't atrium cen be deduced,
Thus, in recording the aortic root echograxs in Pigse 4,2 to 4,4, the bear may
have beern directed to traverse the left atriur obliquely as in Fig, 4,1, path 1
or it may havec been directed more sureriorly to traverse the short axis of the
chamber, imnediately behind the acrtic vrcot : the apparent left atrial size will
differ in the two circumstances,

Systolic flutter of the aortic leaflets is an abnormal but non-specific
finding ¢ Fizse 4,2 and 4,35 were recorded from a patient with left heart failure
presuned to be on a hypertensive basis,

The aortic root is in corntinuity below with the intervertricalar sep
with the mitral ring and the rcot of the mitral anterior cusp (Figs. 4,3 A Gik)e
Echces from the aortic root and the immediately subja&ent porticn of the mitral

antericr cusp ave recorded at the same depth (Johnson et al., 1972). As the

Q
o
o
;.al
=
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ultrasori
towarcs the left verniricle, the asortic rcoot and the antericr leaflel no lonrer

lie in the same plane (Pip. 4,1). Systclic prolapse of the anterior leaflet can

anzled towards the free edge of the arterior cusp and dewmineds

thus only be diagnoscd from the mitral echograms in the first part of & continuous

downwards sweep from the aortic root.

Left atrial vwall

In Pige 4,4 the posterior wall of the left atrium is recorded as a pulsatila



structure belind the mitral anterior cusp ¢ it moves posteriorﬂy in ventricular
systole andi during ventricular diastole exhibits two anterior mevements, the
second of which co-incides with atrial sys%olic re~opening of the anterior cusp.
Although the aoctic rest is also related posteriorly to the left atrium, 2 clear
waveform from the wall of that structure has net been recorded Lehind the aortic
root echogram, suggesting thet the ultratonic beaa kgs cat the atrial wall
obliguely, possibly 2s indicated in Fig, 4,1, path 1,

Fige 4,5 shows lhe transitien from a,lefl atriel wall to a2 left ventricu;ar
wall echogram &s the beam is directed through the atrio-ventricular junction

(Fige 4,1, path 3) towards the left vertricle.

o

I have found no delailed deseription of the left atriel schugraa in th
literaturc. However, Johnson et ol. (1972) and Feigenbaum (1973) have published
tracings which include unlabelled left atrial wall recordis,

Mitml rirg

The mitral orifice is surrounded by a fibrous ring which is ceantinuous

on its inner aspect with the valve leaflels, Angicgraphic studies have shown
that the mitiral ring moves downwards and fowvards tewards the cardinc apex
during ventricular systole and upwards and tackwards tewards the bace of the
heart in diastclé (Dayen et 21,, 1357)s 1 Fige 4,1, its cnd-diastolic and
end-systelic positions have been representel diagramatically,.

The mitral ring and the yrortion of the left ventricular wall below the
free margins of the cusps (Fige 4,1, path 4) move in dircctions which are
escentially at right angles; in systole the ring moves dcwnwards and forwards
elong the exis Joining the mitral orifice and the apex while the leflt
ventricular wall moves upwards and forwsipls across the mean minror exic of the
ventricle (Gibscn aril Brown, 1973). Jt can be concluded that echoes within
the left ventricle moving in parallel with its posterior wall cannol origine
from the ring and that witral ringz echoes will be displayed only wher the
Wtrasoniec team is directesd towards the left atriun, PFurther, because the ring
and the lezflets are in continuity, mitral ring echoes will be recorded when the

beam d:

[£:]
jar

rected towards the rcols of the cusps,
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In Fige 4,6, adjzcont to the typical anterior cuép echogram, thers is a
stronger echo : the two are variably related., Thus, in ventricular diastole
the stronger echo parallels the closure movement of the anterior cusp, interve
between it and the let't atrial wall and can be secn to be in continuity with it
at the onset of atrial systole, During ventricular systole both e¢choes move

enteriorly ¢ throughout most ¢of this phase the anterior cusp echogram is

recorded behkind the stronger echc, intervening Lctween it and the left atrial vall.

In early diastole as the anterior cusp meves rapidly forward to its opcn
it is briefly obscured by the strongsr echo.

In the norwal heart, the free edzes of the two mitral leaflets wove in
oppesite directicns during diastole ¢ there 15 no anatomical or haencdynanic
evidence which suggests thal the direction of movement of the root of the
posterior cusp differs from that of its free mzrgin or that the root of the
posterior cusp is in apposition with the anterior cusp during this phase of the
cardiac cycle. The ztrong echo moving with the anterior cuep in diastele and ir
apparent continuity with it in pre-systole (Fige %4,%) cannot therefore te derived

from the posterior cusp ard must or from the mitral ring.

e
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In the rorazl heart during systole, the arterior leaflel Soss robt prolapse
behind the postericr one btut both are known to bulge towsrds the left atrium
(Burch, De Pasgusle and Fhillips, 1963). In Fig. 4,6, the anterior cusp is
displayed within the left atrium behind the stronger echo, proviling further
evidence thot this echo is derived from the mitral ring.

It is sugrested that a complete echogram from the mitral ring can be
recorded ordy when the ultrasonic beam is directed, as in Pige 4,1, path 2
along its line of moction, While it is appreciated that Pig, 4,1, path 2 dces
not precisely represert the course of the beam in Fig, 4,6, it does explain the
sequence in which the échoes have been recerded, Thus, in beth Pigs, the vean

&L

censeculively traverses the septuwa, the anterior cusp, the ring snd the lc

wall in diasztele and the septum, the ring, the anterior cusp and the left atrial
wall in systole,
In my experience it 1s difficult to record & continucus echogram from the

mitral/e..



et
mitral ringe -However, strong echoes which move anteriorly in systole and
posteriorly in diastclc are frequently seen adjacent to the anterior cusp when
it is displayed with the left atrium behind it (Fizs. 4,5; 4,7; 4,8 and 4,9).
Theoretically, these echices are Jikely to be from the ring : failure of the
ultizsonic becm to traverse that structure at right angles would acescunt for
their distorted waveform, Thus, in Fig. 4,8, echoes thought to be from the
ring have been recorded but the beam has traversed thé left atrium close to
its Junction with the ventricle an2 could not nave been dirccted along the
line of moveunent of the ring.

Because the echograms from the mitr:l rirng, the chordae terdincae and the

left ventricular pesterior wall are similar, there has undeubtedly been confusion

in their identification. For example, inspection of the tracings in the criginal

account of the mitral ring echogram (Zalyy, Grabhorn ard Feigerbaum, 1267) sugges

that the echocs described originsted in fact Trom the endccardium of the left
ventricle and from the chordae. Fuarther, Chakorn et al, (1972) misinterpreted
echces from the left ventricular endecavdium and frem the rheumatic mitral
posterior cusp,

Ring mevement urdcubtedly contributes to the mitral diastolic closure
ig. 4,5). It is, however, difficult to record accurately anl the

movement (F

practicality of propcsals to incorporate measurements of the aaplitude of rinz

movenent in the ulirasonic assessment of left ventricidsr £illins (L,yton et 8l

1973) is doubtful,

Leflt Yegtricular na]l

Tha lefv ventricular wall echogram altiers as the ultrascnic beam is swept
frem the atric-ventricular junotion dewrwards through the left ventricle of a
ormal heart. Figs. 4,9 an? 4,10 are from the same subject : the thickness of
the left ventricular wall increases with downward anpgulation of the transducer
and its excursion is 8 mm and 14 mm in the first and last parts cf the sweep

respectively. It is contended that these differences are regl and not techrical

and that they occur as the bveam is directed on tc the posterior papillary muscls,

Thus, when left ventricalar wall excursion and thickness are maximal, the

po;fcvlo-/...

.



postciior cusp echogram is replaced by echoes fron the chordtse tendineace

(Pigse 4,9 and 4,2 10) suggesting that the beam has passed throusth the free

margin of the anteriaer cusp and beyvond the free margin of the shorter

pesterior ene, to the region of the posterior papillary muscle (Fize 4,1, path 5).
Conversely, when the bsam {iraverses the frce margin of-the posterior cusp

(Figse 4,9; 4,10 cnd Figs 4,1, path 4) to which the posterior pavillary muscle

cannot be subjacent, left ventricalar wall excursion and thickress sre submaxcinal.

These cbservations are represented diasgrasatically in Fige 4,11, It is of practics

importance to note that end-systelic dimension is smaller at the papillary muscle
than at the level of the free margina of the ocusps and that the derived sircke

s 4

velume in therefore differert at the two sites,

Posterior cusp anl chorluae tendinecae

Pige 4,5 was recorded as the beum was directed frem the left atrium to the
left ventricle : at end-diastole a thin ccho moeves rapidly frem the atrizal wall
towards the anterior cusp, Similar echoes are present in Figs. !,7 to 4,10 and
4,12 ¢ there is an apparent transition to = typiral posterior cusp free marsin
echogranm in Fige 4,10, In Figs. 4,5 and 4,10 tke beam must bave beer directed
much as in Pig. u?l, path 3., The thin echo is thus likely to be from the rooi
cf the pesterior cusp ¢ this pari ¢f the cusp moves into the strium in systole
as its free margin closes againsi the anterior cusp within the ventricle,

As indicated previously, echoes from the posterior cusp cease tc be

recerded when the transducer is angled devrwards from its free marzin inte the

vortrlcle Figs, 4,2 and 4, 1)) They are replaced by sironger echoss which move

f‘)

anteriorly in systele ard posteriorly in disstole but which lack thz diasticlice

closure and pre-systclic re-opcning movements characteristic of the lezflet

.

echogran (Pig. 4,13)e Ac the beaw sweeps on downwards through the ventricle,
similar eclees alsc replace the antericr cusy echerram (Fig, §s 1% 2 A% 43

concluded that they criszinate freom the chordan tendineze,

Irterventricular septum

In Fige 4,5, Lhe echoes from the interventricular septum alter as the bean

sweeps dowrwards from the atrium through the ventricle., The septum appears to

beccine/ees
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beccome thicker with downward angulaticn of the transducer and the amplitude

of septal motion increases from hmm in the first to 8mm in the last part of

the sweeps These changes may simply be technical, resulting from alteration in

the angle at which the beam traverses the septum, Thqylmay, heoiever, be real and
may reflect the transition between the membrancus and ‘the thicker nmusecular
portions of the interventricular septum. This conclusion is obviouszly highly
speculative but tends to be supported by the fact that the change in wavelors is
abrupt and is consistently recorded as thé beam passes through the atrio-ventricular
Junction. Thus, in Fige 4,10 the septal echegram altcrs after the second conplex,
when the beanm passes to the left ventricle and is unchanged thereufter decuile &
lowrward sweep to the region of the posterior papillary muscle., A similar sequence
is seen in Fig, 4,3, It is also present, although less obviously, in Fig. 4,9
where trarsition of the septal waveform commences at the point where a distorted
left ventricular wall echogram is first recorded, The acortic roct is continaous
anteriorly ard below with the membranous pertion of the septun (Pig. 4,1)e In

Fige 4,15, the thinrer less pulsatile septal echogram has been rocorded below Lhe
aortic root, favouring its crigin from the membranous septum,

These observations cannot be further validated at present, It is interestirg
to note that altﬁough the echces from the interventricular septum have been studied
by & number of workers (Popp et als, 1969; Pombo, Troy ard Russell, 1971; Dizmcrnd
et al., 1971; Ludbrock et al., 1973), none has commenied on the two distinet septal
echograms ;eportei bere,

This account has dealt comprehensively with the echocardiographic
anatomy of the left hecart., It includes new observations which I consider to
ve valid and which have been substanrtiated asfar as a single dimensiocnal
approach will allow, The multidimenrsional system developed by Bom and his
co-workers (Kloster et al., 1973; Roelandt et al., 1974) is an importanrt

advance: using it, it should be possible to obtain additional information

on the inter-relations of cardiac echoes,

Summary
— e o -

7 (R



To investigate the echocardicgraphic features of the normal left
heart, echograms were recorded as the angulation of tlre ultrasonic beam
was altered and with a fixed beam., The Po}aroid and strip chart records
obtained are presented: they display left heart echoss and their
inter-relations,

It is concluded: 1) Echoes from the mitral ring are never recorded
within the left ventricle., 2) The left atrial wall echogram has a
characteristic waveform., 3) Echoes from lhe root of' the posterior cusp
can be recorded within the left atrium, J4) The waveform of the pesterior
cusp echogram alters as the ultrasonic beam is swept from the roct Lo the
free margin of the cusp. 5) In the region of the posterior poapillary moscle,
the posterior cusp echogram is replaced by echoes from the chorlae
tendineae which have & characteristic waveforms 6) Two distinct cchecardiographic
patterns can be recorded from the interventricular septum: it is suvecested

that these originate from its membranous and muscular portions.
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CHAPTER 5

THE REEMATIC MITRAL VALVE

Following the identification of the mitral anterior cusp echogram (Bdler, 1961:
Edler ct al., 1961), a number of workers reported on the use of ultrascund in the
investigation of the rheumatic mitral velve (E?fvrt et al,, 1964; Segal, LikofT and

Kingsley, 1966; Bdler, 1967; Wharton and Lopez Bescos, 1970).  They showed that

=

cchocardiczraphy can provide useful information on the structure and fuanction ¢
the rheunatic valve and it is evident from the subsequent literature that their
studies are widely regarded as derinitive, However, it is worth noting that, with
the exception of Segal snd his co~workers, these imvesiigators used systeus which
recorded sinsle echeas and they werce thus not in a position to cemment zither on
ultrascnic evidence of calcification or thickening of the antericir iezflet or on
echocs from other parts of the mitral valve apparatus, Tor these resscns and
because Lne accuracy of measurements made from records other than strin-chart
records is guestionstle (Chaps, 2 ard 2) I found it necesss 7y when setting up

a rontine service in ecardiac ultrasound, to re~evaluate even this best accepiei

application of the method,

Patients

———

Two groups were studied,

Grou 1

24 paticnts consicdered on haemodynamic and/or cliniczl evidence to be
unequivocally suitable for closed witral valvotomye All underwsnt closed
valvotomy (Mr. T.A. Sallam), A1l had auscultateory eviderce of nitrsl stencsia

which was judged clinica2lly to be severe in 12, mederate in 10 and mild in 2.

resent in 2 cazes, Pre-cperative right heart

[

L trivial aertic valve lesion was pr
catheterization was performed in 1% patients and 2 had an addiiicral leflt heart
A

studye Fluorcscopy was carried out conly in tre poticnts whe were catheteriseds

it demonstrated mitral velve ealcoification in one case,

i 3 S OFoRBCY
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Mitral regurgitation cf insufficient sEverity tc preclude closed valvotony

was suspected clinieally in 8 cases: ninor mitral regurgitation was confirmed in

the 2 submitted to angiography.

Group 2

13 patients vhose suitability for closed valvotemy was doubteld on clinical
and haemoldynumic grounds, Three underwent®open valvotomy and 10 had a closed
procedures the operations were performed by 6 different surgecns. All patients
had auscultatory evidence of mitral steiosis which was judgel «linically to be
severe in each. A hacecmodynamically significant aortic valve lesion was present
in 3 cases, Pre-operative right heart catheterisation was performed in all patients
and 6 had an addition2l left heart study. Flucroscopy was carried out in 2ll cases
and demonstrated mitral valve calcification in 4 of then,

Minor mitral regurgitation was suspected clinically and corfirred

angiographically in 6 cases,

Methods

Echocardiograns were rccorded in all 37 patients before operaticn and the
examinaticn was repeated in 35 patients on one occasion betweer the second and
eighth post-operative weeks: 2 patients from Group 1 were lost to follow-up.

For the purposes of this study, the surgeon who performed the valvotemies
in Group 1 made detailed notes of his operative findings and proceiuce, The
inforwation in Group 2 wes less precise =nd was extracted from the surgeons'
routine operation notes,

The ulirasound findings were compared with the results of cardisc
catheterisaticn, the operative findings and the clinical assessment cof thre
mitral valve,

An Eskcline 20 ultrasonoscope and an unfocused trarsducer were used in
this study. The patients were examined supine and the transducer was positioned
and angled tc record the mitral anterior casp echozram. Records were made with z

strip-chart rccorder (Honeywell Visicorder) st chart speeds of 10 ard 23 Y seo

5y
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or the TP display was photcgraghed directly from the oscilloscope face,
Fige 5,1 shows how the amplitude of the¢ mitral echogram was nmeasureld fron
the records and how the diastolic closure rate was measared when the diastolic

.

single component i,e. was monoshasic, When the diastolic

-
by
o
pon)

clesure movecuent
closure novement had two compenents i.e, was biphasic, the wnethod of measureneni
of the diastolic closure rate was less conventional, Thus, when as in corplex (),
Fig, 5,2, the duration of the first component of the diastelic closure movement was
at least 40 of its total duration, the diastolic closure rate was measzurei fron
the first component and the second was disregarded, Wnen tihe duraticn of the irst

component of the diastolic clesure movemert was less than L7 of ite total, the

o

. C ey

mean diestolic clesure rate was measured as in complex (b), Pig. 5,2

1

Multigle echoes behind ard parellel to the main cusp echo (Fig. 5,3) were

taken as evidence of mitral calcification, previded that the:r pecsisted when the
intensity of the ultrasonic beam was reduced to the minimum neceszary to record =

continuous anterior cusp echcgram,

Results

Amplitude of the mitral echogram

The amplitude of the echograms recorded in Groups 1 ani 2 are detsiled
in Figs. 5,4 ard 5,5 respectively, They are compared with the amplitudes (22 - 41 mm)
recorded in a series of normal subjects.

Before cperation, abnermally low amplitude echozrans were recorded in 5 patients
frea Growp 1 and in 5 from Group 2, The mean pre-crerative amplituie in the smaller
Grewy 2 was belew the normal rarge. ZEchogrem emplitude ircreased, but not greatly
with valvoteomy, Thus, the mean amplitude rose from 26,0 = Lol mm te 27.3 % Le5H mm
in Greup 1 and fror 21.7 z Lo mn to 2244 - LeO mm in Group 2, YPost-operatively,

“

the amplitule remained abnommally low in 2 patients from Group X an? in 4 frem

Mitral diastolic clcsure rate

ms
e
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The mitral diastolic clcsure ratai recorded in Groups 1 and 2 are detailed
in Figs. 5,6 and 5,7 respectively., The pre-oncrative velues were low, being less
than 25 my/sec. in 29 cases, The diastolic closure rete incressed with valvetomy,
Thus, the mean value rose from 13.8 £ 151 mq/Sec. to h,.h - 11.6 my/sec, in

+ . ; P
Group 1 and from 11,4 ~ 8.4 nn/sec. to 29,7 ¥ 15,2 mn/sec. in Group 2, The
highest diastolic clesure rate recorded after valvotomy was 70 emfiec, All the
poat-operative closure rates were therzsfore well helow the normal range cobserved

previously (Chap. 2). However, the rssults in the two croups diifered:s while

the post~operative mitral diastolic closure rate was less than 40 mm/sec. in

only 2 patients frem Group 1, it was less tr"ﬁ 22 mm/sec., in 6 patierts from
Group 2,

Form of the diastolic clcsure movement,

Diastolic clesare was biphasic in 10 ore—chratlvn echog rams,

Ultrasoric eviderce of ecaleificaticn.

Mitral valve calcification was diagnosed frem the echograms of S natients

in Croup 1 and of 10 in Group 2,
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Scverit of sterocsis

Althoush most of the pre-operative diastolic closure rates fell within a
narrow range, they were compared with the cperative assessment of the severity
of mitrel stencsis (Table 5,1)s When the mearn for each category was considered,
the diastolic closure rate was found to decrcase with increasing severity of
stenosis, Huvzver, in individual casss the diactolic closure rate wos an
inaceurate index of the severity of stenosis,.

Prc;surcs were measured at creration in all Group 1 patients, 4lthough,
in general, high pressures were associated with low diastelic closure rates,
the findings viere variable and there wers no sigrificant ccrrelations belween

the diastolic clesure rate and mean pulmenary artery pressure, mean left atrial

pressure or mitral end-diastcelic gradient at operation,

The e e



The diastclic closure rate was also a§sessed against pre-operative pressures,
Observations were made on 25 patients: heavily calcifiei valves were excluded ard
results frou patients who were awaiting valvotomy but who wers nol in the prazent
series were added, Significant negative correlations were found belween the
diastolic closure rate and mean pulmomary artery pressure (r = 0.48; P<<0,05),
pulmonary artery systclic pressure (r = 0,45; P<0,025) and mean pulmorary
capillary pressure (r = 2.51; P<0,02) at 'rest,

Exercise pulmcnary artery and pulmonary capillary pressures, which were

measured in only 7 cascs, did not correlate with the diastolic closure rate,

Eviderce of mitral calcification was considerzd to be present on 19 pre-
operative echogzrams but in 8 cases the operative findings failed te confirm the
diagnosis. At cperation, 13 valves were roted to be calcificd (Fig. 5,8): there
was echocardicgraphic eviderce of calcification in 11 of them, Cardiac screening
was done rcutinely in Group 2: of the 7 valves founl at operation to be

3 -

calcified, all were identified by echocardiograpny while only 4 were detected Ly

-

Mitral regurgitation.

At oreration, mild mitral regurgitation was confirmed in 9 cof the 14 cases

s.a

. ~

in whom it rad been suspected clinically and 2 additional cases were identified,
The echogram amplitudes ard the diastolic closurc rates in these 11 patients
with confirmed mitral incompeterce (Figs. 5,4 to 5,7), did noi cbviously differ
from theose of patients with competent valves, While there was eviderce of
calcification on the echograms of 6 patients with mitral regurgitation, the
finding was clearly not restricted to such cases,

A biphasic diastelic closure movement with a short first component (Figs. 559

The

and 5,10) was cbserved in 6 regurgitant valves, one of which was calcified,

-

echograms in Fig. 5,9 were recorded from a patient who was found at closed valveteny

202

to have a mobile anterior cusp and a significant regurgitant Jet, palpable 1 om,
behiny/eee
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behind the mitrel valve,
Tue patient whose echograms are shown in Fig, 5,10 was submittel to

open~heart surgery in view of an alditional aortic valve lesicn and because
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cardiac cathaterisation bad indicated tight mitra some

regurgitaticn arnd possible calcifiecation. At operuation the aortic lesion was
of insufficient severity tc warrant aortic valve replacement. The mitr:zl
valve was found tc be severely stenotic, slichtly incompetent and moderately
caleified, Deecaleification, valveteny with mobilisation of the sub-valvar

4

epparatus and 2 limited annulcplasty were performed,

Cusp molility

2N

An opcrative assessment of anterior cusp "mobility™ was made in 1€ cases
fros Group le Mobility and echogram amplitude were broadly ccrrelated. Thus,
the amplitude of the antericr cusp echogram rarged frem 23,0 to 34.0 (mean 28,7)

in 10 mobile velves and from 20,0 to 29,0 (mean 23,2) mm in 6 valves with varyirg

impairment of cusp mobility. JTn amitral regurgitstion, cusp mebility determined ths

a

form of the diastelic clos.urs movemnent: biphasic movenents were recordei only

from incompetent valves which retained some mohility.
No correlaticn was observed between the amplitude of the posterior cusp

echogram ard the surgical assessment of posterior cusp mobility. Altheough
the amplitudes of the postericr cusp echograms in Fig, 5,11 are similar, the
posterior leaflet was judged at operaticn to be "freely mobile® and"ery

imnobile" in caszes (a) end (b) respectively.

Subvalvar stenosis

There were no distinctive ecliocardiographic features in the 9 pztients
found to have subvslvar stenosis. In particular; their echogrum amplitudes

did not differ firom these of pstients in vhom the stenosis was purely valvar,

The post-operative echosran

In most cases, the diestolic closure rate rose post-operatively (Figs. 5,6 and
5,7) bui even where an excsllent valvotemy was achieved in a mainly membrancus

valve (Pig, 5,12), it did not reack normal levels,

The/.es



The echograms in Figs 5,13 were reccrded from a valve with tight stenosis
and jet incompetence, Although incompletle comnisuroltemy ani mederate subvalvar
stencsis produced =« residusl end-liastolic gradient of 4 mm.Eg., the diastolic
closure rate rose considerably with operation,

The diastolic closure rate increased least in instances where caleification
and & low amplitude echogrsm co-existed (Fige 5,8)s Thus, while the
post-operative diastolic closure rate did‘not exceed 30 sam/sec in the 5
calcified valves with pre-coperative amplitudes below 22 mm, it ranged (witw
one exception) frem 30 - 65 my/sec when calecification was asscciated with a
normal pre-operative amplitude, The echegrams in Pig. 5,l; illustrate this
point,

The post-operative diastolic closure rote tended to reflect the desrece

to which the surgeon considered sterosis had been relieved (Table 3,2).

Discussicn

The results of the echocardiographic measuremerts in the twoe groups of
patisnis have been presented separately because the groups wer: clinically
distinet and because the surgeon who performel the Group 1 valvotomies
co-operated in tﬂg study and described his operative firndings in detail,

The echogram amplitudes of both rermal and rheumatic mitral valves
reported here are hizher than those chserved by others, who measured thean
from chart records of single echoes (Winters et al.,, 1967; Gustafscn, 1957;
Whartor and Looez Bascos, 1970), The presert finlings do, however, suppori
the gereral conclusicn of these workers that the amplitude of the mitral
anterior susp echcgram reflects the mobility of that structure,

Mobility, the resultart of varyirg degrees of thickening, cslcificetior,
commisursl fusion and subvalvar disorganisation, is a parameter which surgecns
find difficull to define but useful to assess. It c2n be conclnuded from the
present results that importart impairment of mobility, precluding stceessful
velvotony, can be anticipated whaa the amplitude of the anterior cusp echogram

is less than 22 mm, All the abriormally lew amnlitude echograms recorded here

WE:X‘E/. ve



vere from bfﬁVlly calcified valves, somé with subvalvar discrganisations
However, there was no evideuce relating low echograw amplitude and
subvalvar siencsis in the avbsence of calcification,

e pre-operative diastolic closure rates in this study are al
veriance with the higher values, particularly for moderate stenocis
reported by Sezal et al. (1966} but are in accord with the observations
of Effert et al, (1964), Edler (3967) anrd Winters et al, (1967)s These
workers demonstrated a pood correlation Letween the disstolic closare rate
and the mitxal valve area, Their findings are corroborated by the biroad
correlation cbserved hore betweer the dimstolic clesure rute and ihe surgeon's
cperative assessment of the severity of stenosis

It is clear that echccardiograph; distirngzuishes accurately betwecen mils
and haemodynamically significant mitral stencsis. It is rarely of practicel
importance tc distinguish between mederate arnd severe stenosis; both are
significant and the patient's s;ymptoms determine ke need for cperative
intesvention, Hence; it is not a majer disndvantage that in this study, es

in others, these twe grades of stenosis could net be consistently diffcerentiatel
on the basis «f the diastolic clecsurs rate,

This investigation and that of Custafscn (1967) have demonstrated a

r:‘
t-‘-
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signific nverse relation, in seme stenotic valves, between the diazsiclic

closure rate and pre-cperative right heart pressw

However, presumably
because cusp pliability is among the determinanis of the diastolic closure
rate, no sucn correlaticn exists in the presence of heavy calcification, and
even in ils absence, the correlation may be imprecise in individual cases,
These observations have practical implications for the assessnert of patiernts
with clinically pure mitrzl stencsis, Thus, when ultrusourd demonstrates =

mebile valve, right heart catheterisation will

infermaticn whereas pressure measuren

the haemodyramic effects of an echocardiographically rigid valve,

B & (I



It is evident that the post-operative diastolic closure rate broadly
reflects the degree to which stencsis has been relieved, However, because
it has a number of determinants, the diastolic clesure rate remains subnormal
cven after an excellent valvotomy. The diastolic closure rate measured at

operation (Johnson et al., 1972) c3n therefore only be regarded as an

approximate index of the succes:t of commisurotomy. The pesi-operative
results ir the presert series are similar to thosc reporteld by Effert et al.
Al
(% - et y ” s T 2 Wres
(l?ch) and Eal (1 67) but these workers cerncluded, on the basis cof leower

o+

values in rormsl subjects, that the diastolic closure rate returned after
successful valvoteomy to nommal or nesr normal levels.

Heavy milral velve calcification, with its associated disruption of
learlet and subvalvar anatomy is likely to preclude successful valvotciy,
Its pre~operziive identification is important, Ideslly, in suach cases, the

-

valve shoull be examined unler direct vision-on cardio-pulmenary by-pass ard
the decielon to procecd to open valvotemy or to mitral valve replacement should
then be made, Joyner et al,, (1965) ard Segal et al, (19648) deserited the

echocardiographic features of the cazleified mitral valve, The present findinzs

chow ultrascund to be superior to fluoroscopy in the detection of mitrel
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calcification, . In the two instances wheres echocardicgraphy failed to
calciun later demonstrated at operaticn, calcification was thoucht to be
restricted to the root of the anterior commisurs, Althouzh calesificalion was

diagnosed only if multiple echoes persisted when the intensity of the ineident

witrasonic beanm was minimal, there were 8 apparent false positives., Previcus

which can be demonsirated microscopgicully but which canrot be diag

valvotomy (Berham, Redger and Pridie, unpublished),

When an apical systolic murmu with evidence of mitral stenosis

the patient's suitability for valvotomy may be guestiorable, In this ccniext,
echceariiography can provide quite accurate irformaticn which renm?ers haenodyna
investigation unnecessary in mary instarces, Clearly, if echecardiczr.iky



denonstrates a rigid, heavily calcified valve, closed valvolomy is precluded

on this basis alone and the patient is a candidate for cardio-pulmonary by-pass
with & view tc open valvotemy cr zilral valve replacement: in these circumstonces,
additional cardiac catheterisaticn has little to commend it, If, on the otherltand,
the anterior cusp is pliable, ultrasound can be used éc identify mitral

regurgitation and 4o assess its significance,
Segal et al., (1968) ocbserved biphasic diastolic closure movements in the
'
presence of predominant mitral regurgitations They were, however, umble to
differcnticte echccardiographically between pure miteal stenosis and dominant

stenosis with minor regurgitation: others have had the same experierce

(Burgess ek al, , 1973). The present study shows that providel the anterior

L)

cusp is pliable, the twe lesions can be distinguished, Thus, even whken

stenosis

s deminant and severe, minor mitral incompetence is reflected in a

Lt

]

biphasic diastolic closure movement with a short initial compcnent. This
initial comporent is relatively fast (14 to 66 mn/sec) but because it is of
short duraticn, it contributes little to the mean diastolic clesure rate,
Hence, in asse¢ssing the significarce of rheumatic mitral regurgitation, the
duraticn of the first component of diamstolic closure should be considered,
Mean diastolic closure rates thuz caleulated from predominantly stenctic
valves, fall far below the figures quoted by Segal et al, (1966).

After valvetomy, diagnostic problens could arise with echozrans like the

ore in Mige 5,90, which cculd be interpreted as evidence of good reiief of

minant mitral regurgitation in a pliable valve, However,
bilities are unlikely to e confused clinically ard the echogram

B

car still be of practical value, Thus, if such 2 record is obtdinel fircm a

LJ-

patient who is failing to improve post-operatively, it can at least be
concluield that residuzl stercesis is not responsible,

The diastolic clesure rate of a nowmnal witral valve may te significantly
decreasecd ir the presence of a non-cempliant left veniricle, The differertizl

diagnesis from mitral sterosis is greatly simplificd by the cbservaticn Lhat
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the arterior and posterior cusp echoes of a stenotic valve move in the same

direction during dizstole (Duchak, Chang and Feigenbaum, 1972). This finding

S 0n

is explicable if the rclative positions of the two cusps are as shown in

‘5

PiZe 5,15: 4t can be envisaged how the ultrascnic bex L could be angled to
traverse beth cusps as they move in diastole in essenticlly the same dircction
towards the transducer,

In the present investigation the diagrosis of mitral stenosis was rnever
in doubt anld gpart from identifying pcstericr lcaflet calci
posterior cusp echogram provided no useful informaticen. In particulsr, there

-
ve

vas no evidence that posterior cusp mobility could te assessed frem i
Because, theoretically, the directicn of posterior leaflet moverent
-~

might be expected to return to normal after amuccessful valvotomy, &

-
1

particular effort was made to record the postericr cusp echogrom post-operatively.
In every case the anterior and posterior cusp echoes moved in the same directicn
before operslion and despite successful valvolomy, the abnormality persisted in
each,

Interpreted intelligently 3in the clinical context, echocardicgriphy can go

a long way towards replacing cardiac catheterisation in the assessment of the

H
er
’
x

rheumatic mitral valve., In essence it grovides direct infornmation on the st

Ia)

mo

and function cf the valve, from which the hacmedynamic efi'ects can be implied,

Its scope is incressing as uWltrasound measurements of left ventricular size and
performance are validated., It therefore makes eccnomic sense that czrdiclogistis

should become familiar with details cof the methed, its apclicaticns snd 1i

LJ.
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Sutmary

Mitral echograms viere reccrded before (37 patients) ard again after (35 patients)
mitral valvotomy. Following operation, echogram amplitude was unchanged and the
mitral diastolic closure rate increased but remained subnormal,

The following conclusions were reached from a conparison of the operative and
the echocardiographic findings:~ 1) While mild and haemodynamically significant

mit ra.].//c .o



mitral stenosis can be distinguished, moderate and scvere sterosis cannot be
differentiated on the basis of the diastolic closurc rate, 2) Provided that
the cusps are pliable, pure mitral stenosis can be differentiated
echocardiographically from predominant stenosis with miner regurgitation,

5) Anterior but not posterior cusp echogram amplitude is an inldex of cusp
mobility. Z4) There are no echocardiographic featurcs disguostic of subvalvsr
stenosis, 5) Ultrasound is superior to flucrescopy in the detection of mitral
calcification, 6) Ultrasound differentiates reliably between patienis suitsble
for closed mitral valvotomy and those requiring open valveotomy oo mitral valve

replacement,
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METHODS OF MEASUREMENT
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FIG. 5,2 METHODS OF MEASUREMENT - See Text
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SEVERITY OF STENOSIS AT OPERATION

TABLE 5,1 AND THE PRE-OPERATIVE DCR
Severity of |Number of | Pre-operative DCR mm/sec .
Stenosis Patients Range Mean
Group 1
Mild 3 18 - 56 35
Moderate 12 6 -50 20
Severe 9 3 - 28 13
Group 2
Moderate 5 1-30 17
Severe 8 4-16 8
TABLE 5,2
RELIEF OF STENOSIS AND THE POST-OPERATIVE DCR
Quality of Number of | Post-operative DCR mm/sec .
Valvotomy Patients Range Mean
Group |
Excellent 3 43 - 70 58
Good 10 40 - 66 50
Fair 5 38~ 67 48
Poor 3 30- 54 4]
Group 2
Good 5 17 - 56 37
Fair 6 10 - 53 28
Poor 2 13 - 20 17
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FIG. 5,8 COMPARISON OF ECHOCARDIOGRAPHIC

MEASUREMENTS IN CALCIFIED AND NON-
CALCIFIED VALVES.
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FIG. 5,9  MILD MITRAL REGURGITATION IN A MOBILE, PLIABLE VALVE
PRE-OPERATIVE AMPLITUDE = 32 mm AND DCR = 17 mm/sec.

FIG. 5,10 MILD MITRAL REGURGITATION IN A MOBILE, CALCIFIED VALVE
PRE-OPERATIVE AMPLITUDE = 30 mm AND DCR = 13 mm/sec.




i U i ol e
Rl :V”\»\ \ &M
SANEPENL,

"R 4\§ : :
(0) l‘;‘ﬁnk\:.\ \ a\ Y .;.\?s.\ ¥ u\r ”‘\ , :\

—

LEE AR
. \ A \_,
"V ; ‘V\v\f% \v\‘”’ .
(b) &lnvﬂx ﬁb..m\ o Vi 'mv»\ \m\‘m\/& s s

FIG. 5,11 POSTERIOR CUSP ECHOGRAM AMPLITUDE = 17.5 mm
IN (a) AND 16.5 mm IN RECORD (b)
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FIG. 5,12 DCR = 43 mm/sec.

FIG. 5,13 DCR = 7 mm/sec. BEFORE AND 40 mm/sec.
AFTER OPERATION




Pre-operative

AMPLITUDE = 26 mm | AMPLITUDE =26 mr.n
(@) DcRr =11 mm/sec. DCR = 56 mm/sec

AMPLITUDE = 21 mm
(b) AMPLITUDE = 20 mm DCR =17 mm/sec.
DCR = 5 mm/sec.
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FIG. 5,14 RECORDS BEFORE AND AFTER CLOSED VALVOTOMY
IN TWO PATIENTS WITH MITRAL CALCIFICATION.
ECHOGRAM AMPLITUDE IS NORMAL IN CASE (a)
AND OPERATION WAS SUCCESSFUL.
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. CHAPED 6
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THE #ITRAT, ECHCORIM TV C"""’" VIIVE DISEASE

The features of {re mitral echegrem in aortic valve dices
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described (Winsberg ar? Mercer, 1271; Pridie, Berhum ard Oakley, 1271).
In patients with aortic regurgcitation, functional and. organic mitral
diastolic murmurs can be differeniiated by ultrssound (Pridie et al., 1971).

The mitral diastolic closure rate in acrtic regurgistation has beer found to

be related to the left veptricular strcke volume (Ziads et al., 1%73). There

“

ie evidernce that redoced left ventricuilar com

sloving of the diastolic closure rate of tre non~rheuratic valve (Poyp and
Harrison, 1969; Layton et al,, 197%)s In thecry therefore, the mitiwnl
diastolic closure rate should provide an index ¢f the severity of isclabe!
acrtic sterosis, These observations sagrest that, ultrasenic assessaents
of left ventriemlar size and performance apart, ecchocnriicsraphy ¢f the
mitral valve can by itself make an important contribution to the investigation
of patients with predominant acrtic valve dissase,

The first aim of the presert stady

lesion and in thke dircct assessment of iVe mitrel valve in putients wdith
predeminant aortic valve discase, The secord aim was to compare the
contributicns of clinicel, haemodynamic and ultrasorie irwvestigaticns and
thus to review the role¢ of crrdicc catheterisation in the assesswent of

patients with predominant acrtic valve lesions,

T
Patients (Tables 6,1, 6,2 ari 6,))

' ~

54 patients vith predominant aortic valve disense were studieds 352 of the

underwent hoemedynamic investigation ireluding cincargicoraphy (Tatles €

gt
6,2)e Combined Left ard right heart catbeterisation was carried out in 26 cases

and left heart catheterisaticn in €, In 20 irstances the sortic valve coulil not

be troversed (Table 6,1): direct cardiac puncture wms performed in 5 cases ab
same precedure and in 3 at a separate procedare,

1% aoe




19 pstients, all of whem bad undergone full haemodynamic inves tigation,
were refecred for cperstion: . 18 hrad open reart surgery and one had a closed

mitral valvotomy (Tables 6,1 ani 6,2),

Methods
The mitral anterior cusp cchogram was recorded using the technigues amd

-

equipment previously described (Chap., 2)e The diagnestic eriteria for
mitral caleification and regurgitation anl the metheds of measurement of the
amplitude and the diastolic clesure rate‘abr° as before (Chaps, 2 and 5).

6,1 shows how systolic closure of ithe mitral arterior cusp was timed
with relererce to the onset of the QRS ;oiplex of the electrocacdiogran,

In the patients (1 ~ 32) who were natheterised, ultrasconic, clinical,
haenodynanic and, where applicable, operative assessments were ccmpared,
In those who were not catheterized (33 - 5), the ultrasonic and elinical
assessnpents were compareds Foir this purpose, stenosis, regurgitation and
calcification of the mortic and mitral valves were graded as follcors: -

grade O - absent; grade 1 - trivial; grade 2 - mild; grade 3 - moderate;

grade 4 - sevecre,

I, Assessment of the mitral valve

1) Patients 1 ~ 32

Clinical asscssment (Table 6,2)

In 5 patients there was contlicting

D
jan

vidence and clinical assessment
of the mitral valve was impossible, The mitral valve was thouzht to be normal

in 11 easss inclulding two (1 ard 21 resunied to have austin Tlint curmurs.
g P

A diagnosis of isolated mitral regurgitatior vas male in cne patiert and in

18 casex the mitral valve was judged to be rvheumatic, the lesion being purely
stenotic in 8 cof them,

Catbeter assessnent (Tarle 6,2)

A full evaluation of the milral valve was not alwsys poscible, Thus,

failure tc¢ orter the left ventricle precludes? measuremeni of the end-lisstclico

alient/e e




gradiert (patients 22 - 32) ard precluded angiographic assessmert of mitral
regurgitatior. ir 5 instances where adequate left ventriculer cpacification
was not achieved from an aortic root injection, Further, the rigkt heart
vas not catheteriscd and nc attempt was made to investigate the mitral valve
in 6 patients in whom its normality was not clinically’in doubt,

Because the end-diastelic grodient could not be measured and because
the irdirect left atrial pressure vias technically difficult to record or
had an equivecal waveform, it was impossjgle to confirm or exclule mitral
sterosis in 6 cases, including % o (patisnis 22 end 26) in whom no clirnical
diagnesis had been reached., Despite catheterisation of the left heart, an
eguiveeal result was also cbtained in patient 2 whe was thought clirdcally

to huve mitral sterosis,

Mitrel caleification was identified in itwo cases,

LA D t:—)
Mitrel sterosic could be confidently confirmed or exeluded in 30 patients,
In one case (94), the Magnesis of frivial stencsis was tentative vhile in
another (12), the echcgram was techrically umsatisfactery and thus ircorclusive.
Mitral regurgitaticn was diagnesed frem the echograms of L patients and
its preserce could not be excluie? in 3 -others with ultrasonic eviderce cf wolerate
or heavy mitral calcification (patierts 10, 11 and 20).

Mitral calcification was diagnosed in 9 cases,

Operative asscsement (Table 6,2)

The cperative findings are described in Table 6,2,

Comparison of catheter and ultrasonic acsessments (Table €,3)

In 19 patients, the accuracy of the cathetsr and ultrasoric assessments

were compared in the light of the cperative findings (Table 6,3).
Echocardiograpky was clearly supsrior to catheterisaticn in the assessment
of mitral siencsis, WNeither method was ideal for the investigation of mitral

ircompetence; it wes possible to miss important regurgitztion using ultrasound

(patient 5), mild regurgitation usirg ang

~

oy (3!?1&%‘ 2L) end trivial
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regurgitat ion-using both methods (patient 2). Furtheg in two instances

an angiographic diagnosis of significant mitral regurgitation was not
confirmed at oﬁeration (patients 3 and 22). Flucroscopy failed to detect
oitral clcification in itwo cases while in two others, the e chocardiographic
diagnosis ¢f caleification wvas not confirmed,

In the 13 patients vho were not operated, the findings at catheterisaticn
and ultrascnic examination were broadly in accord., It is, however, interestirg
t moderate mitral stenosis with trivial regurgitation was diagnosed
at catheter in 2 patient (9) with an uneguivecally normal echogram and that
there was ecshocardiographic evidence of heavy mitral ca 9t¢on in twe

patients (10 ard 11) with negative {luoroscopy.

2) Patients 33 - 54 (Table 6,4)

The clinical and ultrasoric assessments of themitrsl valve in the putients
who were not catheterised are detailed in Table 6,4, The results are videly
discrepant; ultrascund confirmed the clinical dizgnosis of a rormal or of a
rheunatic mitral valve in only 8 instances,

Accuracy of clinicsl assessment (Pabients 1-54)

Combining the results from all 54 patients and sssuming the ultrassnic
diegnosis bo be correct in the cases where il was not feasible to corfirm it,
the clinical assesszent of the mitral wvalve was sericusly in error in 15

instances (28%).

IT Assessuent of *the aortic valve

.

Corparizon of clinical ard

J
Q
ot

reter assessments (Patients 1 - 32)

o
~

The clinical and catheter assessments of the aortic valve are letadiled
in Table 6,1,

Full haemodynamic investization of the aortic valve was possible in

Lde

patients 1 to 20, Although the clinical ard cathieter cstimates of the

severity of aortic stenosis were in precise accord in crly 6 cases, *he findings

S ms

were nevar seriously discrepant. Thus, trivial or mild stenrosis was suspecled

clinically in 6 patients without an sortic systelie gradient, while clinical

exeninztion/ ee.
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exaﬁinntion over-estimated the dugree of stenosis by cne grade in 5 patients
and under-estimated it by the same margin in 3 obhers,

Estinates of the severity of aortic regurgiiation clinzcally and at
cardiac catheterisation were in accord in 20 instances, While aertic

regurgitation was over-estimated clirically in & cases and under-estimated

in 4, assescmente d3d net differ by more than one grade,

The mitral diastolic dosure rate

-

Tecknically satisfactory echegrams from which tlte mit ral diaskelic
closure rate could te measured accurately (Chap., 2) were recorded in
21 patients with an isclated aortic lesion.

The relation between the mitral diastolic closure rate and the
severity of isolated aortic valve disease; as judged elinically or at
haemodynamic investigation, was stulied in 21 patients (Tudble 6,4). Tn
gencral, the diastolic closure rate increased and .decreased with incrcasing
dominance and severity of acrtic regurgiteticn and of aortic stencsis

respectively. However, lJiastolic clesure rates within the norual rarge

were on occasion associated with scvere repurgitatlion (patient 44) and
with severe stenosis (patient 17).

In 7 patients with major aortic regurgitation, the mitral diastolic

&

-

clozure rate and the left ventricular end-diastelic pressure were fournd to be

@

unrelated, Thus, the diastolic closure rate was 338 mz/sec in a patient (1) wit

"\'

. . . . \
an end-diastolic pressure cf 7 mm Hg. and 255 my/sec in a patient (7) in whom

left ventricular end-diastolic pressure was 30 mm Hge Similarly, nc relzticn

was observed betweer the mitral dicstolic closure rate ard the height of the
left ventricular end~diastolic pressure in 3 patierts with mclerate or severe

aortic stenosia,

Systoliz clcsure of the mitrsl valve

Systolic clcsure of the mitral anterior cusp was 4imed in 33 patients,

Tre resulis were compared with these from norm=l subjects, patients with

isolttci/...
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isolated mitral stenosis, and patients with acute myocardial infarction
complicated by left ventricular failure (Fige 6,2).

In the norwal subjecis, closurc was complets 0.06 to 2.1C sec after the
cnset of electrical systole, On this basis, closure wus prenature in 16 patients
with isolated aortic valve disease, FPremature c]oodro vas a constant finding
when chronic sortic regurgitation was severe and a usuxl findiug when if was
noderate. Closure precedeld the Q wave of the electrocardicpgram only when
prelongation of the PR interval or atrisl fibrillation co-exisied, losur
was grossly premature (0,20 sec befere the Q wave) in the cnly patiert in the
series with acute aortic regurgitation. Althouph clcsure was azually normal

in the preserce of predominant aortic stenosis, ii occurred prematurely in

4]

[an
v

two cases willi PR prelongaticn and in one of these was complete be
cnscl of the QRS complex

Closure vwas delayed in isolated mitral sterncsis but occurred norwmzlly
after successful valvectomy and in patients with combined soriic and mito sl
valve disease,

v

In acute myocardial infarction with radicgravhic evidence of left lLeart

failure, no tcn ercy to premature clostrscs It should, hovever, e
note’ that the heart rate exceeled 80 beats/mir and atric—ventsicular

conducticn wvas normal in all these patients,

Discussion
21SCWBS100

It is gererally accentedl that clinical assezsmert of the mitral valve

is aifficult in the presence of aortic velve disease, It is therefore nct

savprisinz thet mitral diastelic murmurs were sericusly misconstrued in 22 %
tre presert series or thal no cliniexl diagncsis was recoried in & further

- . . -
117% The shortcomings of cardiac catheterisation in this contevt are, however,

perhaps less iely eppreciated, This study bas shown that in patients with
acriic valve dissase, haenodynamic assessment of the mitral valve iz koth

tectrically difficklt ard unrelialile, it hae demonstirated the clezr

o] ,..4,. A Ao S i re v, o 1= g o 43 3 3 2
superiority of ecrocarlicgrephy in the irvestigation of the wmitral valve in

suct/e o4




It can be concluded that echcocardiography of the witral valve should e
a routine nart of the investigation of patients with sortic valve disease,
Provided that the recorded echiogram is technically satisfactory, the methold
unequivocally distirguishes a rheamatic from a nen-rleunatic mitral valve,
With care, errors cf interprelation car be eliminated but Fig, 6,3 illustrates
how they may arisec, Thus, although fire diastolic oscillations are present,
mitral stenosis might Le mistakenly dizgnose? from the echogram in Fig. 6,3a.
However, in Fiz, 6,3b from the same patient, the mitral posterior cusp has
been recorded and can be seen to oscillate and to move away [rom the antericre
cusp during diastole: mitral stenosis iz thus excluled (Duchak, Chang and
Feigerbaum, 1372)s The tracirg in Fig, 6,32 is mislending because it is
technically unsatisfactory in that the full amplitude of the anterior cusp
echogram has not been recorded.

This study has shown echocardiography of the mitral valve to be, in gencral,
unhelpful in the assessment of an aortic valve lesion,

In all their patients with aortic regurgilation, Ziady et al, (1973)
c¢bserved an abnormally rapil mitral diastolic closure rate which they were
able to ralate to left ventricalar sircke volume. Pewever; in the prasent

series, while the mest severe grades of regurgitation were assceizted with tre

higher diastolic closure rates, these rates vere not always abnormal (Tuble €,5),
Further, the mitral diastolic elcsure rate and left ventricular enl-diastolic

pressure were found to be unrelated,

Similarly, althourh the lowest diavtelic clesurs rates werse recorded from
patients with sigrificant acrtic stenosis (Table 6,5), the diastolic closure
rate was within the reorzal ravge in patiernts 16 213 17 vho had acrtic s;cstelic
gradients of 75 and 120 mm Hg. respectively,

It should be noted firstly that it may be difficult to record
tecrnically satisfactory mitral echogram in tle preserce of aoriic ragurgitaticn

and secondly that accurate measurcsent o the disstolic clcsure rate ¢f an

scillating/. ..




oscillating mitru} anterior cusp may be impossiblz., For these reascns mitral
diastelic closurs rates were cbtained in only 21 of the non-rheunatic valves
in this series,

The present eviderce indicates that no valid corclusions about the severity
of either aortic regurgitation or aortic stenesis can be drawn fromz the diastolic
closure rate of the mitral valve,

The observaticns of Pridie et al. (15&1) on mitral systclie clcsure irn
acute.aortic regurgitation and in chronic regurgitaticrn with prolongation of
the PR interval have been confirmed here, Their criteria for the receogniiicy
of premature closure were externded and on this tasis, premature mitrsl systolic
closure was found tec be a constant feature of severe chroniec aortic regurgitaticn
However, the measuremert of mitral systolic closure times was found tec be of
only limited practical value; accurate diftferentiation of mederate from mild
aortic regurgitation was not possible,

Although echiccardicgraphy of the mitral Valve contributes little lc the

assessment of the aortic valve, other ultrasconic technigues may have more to

d'

offer, Thus, ultrasonic estimates of

characteristics of the left vertricle (Chzp. 8) could obviously be useful irn

the =ize, performance and £illing

this context. Further, it may be possible with modern recording methods to

increase thza cccuracy of th=s informaticn ocbtainel from the aortic valve

..\

echozram (Winsberg and Mercer, 1272),

Clinic2l assessment of the acrtic valve preoved to be acceptabliy accar

cr

e

in %his seriess When the clinical examinition, the electrocardicgram and the

plain chest ralicgragh were tskern into accourt, the severity of siercotic ard

K

of regurgitant lesicns was rever seriously misjudgsd (T

ble €,1).

w

In lire with the cbservations of Batson, Urgutart and Sidecis (1972),
acrtic valve calecifieation identifiel at fluorosecepy was founi to be good
eviderce of important acrtic stenosis, Tt wes mercover, good evicdence that
direct candize puncture would be rejuired for full haemodynamic investigation

the aortic velve; in the present study only one s.ich ecaleificd vslve was

traversed/ve.
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traversed,
In this seriez, 32 patients underwent haecmodynamic irvestigation. It

entailed 41 hospital admissions for 42 separate procedures (excluling

coronary arteriography) which often yielded imprecise or incomplete

informalion ard added little to the clinicul ard echocardiogronhic findings,

Cardiac catheterisation is potentially hazardous =2nl is exzensive both in

terms of time ard of finance, It should thus be undertaken onty then it will

7]

clearly provide additionsl data relevant to the patient's munagement: it
role in the investigaticn of patients with aortic valve dAiseanse merits
re-approisal,

It is well estaltlished that patients with major sortic valve lszsions may
be asymptomatic urtil haemcodynamic compensation fails, Tn the sbserce of
decompensation and of symptoms, they are therefore referred for cardize sursery
on the basis of an assessmernt of the severity of their lesion. In adults this
assessnent can usua2lly be made with acceptable accuracy at the bedside:
when the clinical evidence is good, cardiac cathelerisation simply to cerroboratc
it, is not Justifiable., When there is nothing to suggest that the lesion is
other than valvar and particularly when there is ncsitive evidence that it is

. .

valvar e,z, acrtic valve C°1c5 ication or a co~existing rheunatic mitral valve,
there is no heed to demonstrate the site of the "ksicn. Haeucdyramnie
investigation of the mi*ral valve is urnccessary because echoczridiography
provides the surgeon with adeguate informatien on its structure and function.

Althouck it has been argued here that routine carilisc cathsierisation is

fregquently redundart in the investigation of patients with acrtic valve disecase,

u

the same does not epply te coronary arteriogrephy and left ventricular furnction

studies, Thus, if there is a histoery of anzina, if the ultrasonic left ventricular
ejection fraction is reduced or if impaired myoccardizl performarce is suspectel

on other srounds, corcrary arteriography and left ventricular 2ncicgraphy are

clearly irndicated,

A more rational deployment of investigative rescurces could a3inmplify
and at the same time improve the pre-operative assessmert of patients with

aortic valve disezsc,




Summarz

Mitral echograms were recorded in 54 patients with predomirant aortic
valve discase. OFf thése, 32 were catheterised and 19 were operated. No
patient was referred for cardiac surgery wifhout prior haemedynamic investigetion.

The catheter and ultrasound assessments of the miiral valve were compared
and their accuracy was investigated in the light of the opcrative findings.
While catheterisation provided an adequate assessment of the mitral valve in
only 17 of the 32 patients, rheumatic mitral valve disease was confideutly
confirmed or excluded by ultrasound in 30 of trem. From the operative findings
it was concluded that in the context of dominant aortic valve disease,
echocardiography is superior to cardiac catheterisation for the diagnosis of
mitral stenosis and that mitral regurgitation may be overlooked by either method.

In 21 patients with isolated aortic lesions, the mitral diastclic closure
rote tended to increase and decrease with increasing dominance and severity
of aortic regurgitation and aertic stenosis respectively but it was of no
diagnostic value in individual cases, Further, no relation was observed
between the mitral diastolic closure rate and the left ventricular end-diastclic
pressure in severe aortic regurgitetion. Althourh premature systolic clcsure
was invariable in;severe and usual in moderate aortic regurgitation, mild and
moderate regurgitation could not be differentiated on this basis, It was
concluded that the mitral echogram is rarely helpful in the assessment of an
aortic valve lesion,

Clinical assessment of the mitral valve is unreliable in the presence of
aortic valve diseasé. No clinical diagnosis was reached in 11% of the present
series and the clinical assessment, as judged by the echocardiographic findings,

was seriously in error in a further 257,
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ACCURACY OF CLINICAL AND ULTRASONIC
ASSESSMENTS IN 19 OPERATED PATIENTS
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FIG. 6,1 METHOD USED TO TIME MITRAL SYSTOLIC CLOSURE




TABLE 6,5 MITRAL DCR IN AORTIC VALVE DISEASE

DCR
mm/sec . AR AS
43 350 4 2
] 338 4 0
37 330 4 ]
21 280 4 2
51 266 2 2
7 255 4 0
31 233 3 2 | )
2 232 4 0
44 219 4 ]
50 210 2 2 DCR Normal
33 200 3 2 b Ronge
32 196 3 2
17 190 0 4
39 170 2 2
16 170 0 3
27 160 3 4 |
52 125 2 3
35 80 2 3
46 75 3 2
40 43 2 4
22 35 3 3
No. of Patients
1 .
LI ISOLATED AORTIC
. 3 s 3 : VALVE DISEASE
L3 L3 . L] L] L) 2
: . AR+MS

Pesces
XITIIT)

LVF (AMI)

POST VALVOTOMY
MS

: NORMALS

0-24 016 0-08 O 0:08 016 0-24 Sec.

BEFORE <= ONSET QRS == AFTER

FIG. 6,2 MITRAL SYSTOLIC CLOSURE TIMES



FIG. 6,3 - See Text




CHAPTER 7

ECUQCRDTCGRAFHY IN ISCHATMIC UITIJ TRCCVPETFRCE

The elinical features of nen~rheunatic subvalvar mitral ircomnebencs
ars well estisblisked (Raftery, Oakley ard Goodwin, 15€6; Saves, Suitcn and

Puneth, 1973)s Tt 3¢ mest commonly idjopathic, post-infective ¢~ ischaenic

-
,

(Caves el ad,, 1973)e It is possible that the ischaenic mitral resurgitei’on

4

associated with acute ayccardial infarction ard that assoc

L

2ted with previous
infarcticn heve different mcchﬂhisms._ Thus, in acute myoccardizl infarctien
rapillary muscle rupture (S&nders, Nedbuerger snd Ravin, 1257; Caves ¢t al,,
1073), popilisry muzele infarstior (Raftery et al., 1966) ar? prpilliary

musele ischaenia (Burch, De Pasgusle and Phillips, 1968) prodace waiving

degrees of

In contrast, in

P T Y] = P I ORI 3 % |
patients presentirg wit

previocus infarction and subvalvar incompetence, there is little eviicnce of

papililary muscle fibresis: d4nstead, the cheordae teniineae to the mitrsl

antericr cusp are stretched or ruptured and there is consequent nugg

The precise mechanisams of subvalvar wmibtrzl rezgargitziion Lave beewn the
sunject of nmuch speculation (Burch, De Pasyuale and Phillips, 19633 Cuves b
ale, 1973) Lut remain uncertain: angiography has been urhelpful. Niiral

valve echecerdiogrophy might reasonably be expected 1o clueidate the problei.

Tallury, De Pasquale 211 Burch (1972) have neasurel the mitral diastclie elosure

rate in acute papillary muszcle dyzfuinctiion and Ceohn and his co-worters have
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ceardiogrem ir toth chordal ruptuse (Sweatman et o1,

0
3
o7
(&)
il
s

pillary muscle dysfunction (Burpess et al., 1573). However, these

0

investigaticns have failed to define echcecardic dingncstic of

subvalvar =itral repurgitation and have providel litile rew information on ite



The aim of the present study was to review the echocardicgrashic

findirgs in a group of paticnts with ischeemic mitral incoapeterce,

featurce and the electrocard oprarnic

» Table 7,1, None had 2 history
of rheumatic fever and a8ll h-d Q wave svidence of myccardial infarction.s Nene
of the patients underwent hacmoedynamiec or angicgraphic investigation., A4ll

except Case 1 have dled: post-mortem =ynuniralions were carried cut in Cases Z and

Caze 1 developed signs of mitral rep

<o

ursitation and cardiac decconpersation
three days after inferior myocardial irfarctions Lzft heart fajlure respon
to standard medical treatament ard at follov-up 6 menths later, the murmur kad
diminished in intensity,

Case 2 who was on anti-failure therany following a previous myccardial
infarction, develcped gross pulacrary ceiemn on the mecond dsr of an acute

infericr infarct arnd died one day laler, Ne murmur was detecteld but both recent

and 0ld infarcts involving the posterior papillary muscle were demenstratel at
post~mertern,
ases 3 to B presented with auscultatery evidence of mitral e
phonocardiozrams &sro recorde? in Caces & (Fig, /,g) £, 6 arl 7 and in each
instarce denonstrated a pansystelic dizmend-ghaped murmur at the pitral area,

), patients were in sinus rhytha and 3 had electrocardiozrarhic evidence of

left atrial hypertrophy., All were decompensated and all had at least

ncderate cardiac enlargenent. Fluoroscopy detzscted a calcified aneurysm
of the anbero-lateral aspect of the lefi ventricle in Case 8 (Pig. 7,3) and
hypckinetic areas at the same site in Casess 3 ani 6, Poct-morten exzpinaticn

in Case 7 demonstrzted = shrunken, fibrclic postericr papillary muscle and

marked lef'l z2trial dilaetaticn.

Mitral echograms were recorded in all patients., In additicn,



satisfactery simultaneous records from the intecventricular septum and thre
left vertricudar pesterior wall were obtained in 5 cuses, The eguipgment,
technique ard reccrdirg methods were as previously described (Chaps. 1 and 2),
Measurcmente were mide as fellows:= the mitral diastolic closurs rate as
detziled in Chaype 2, the teinl amplitude of the mitral echogran Ly the method

.

of Blier {1967), the diastelic excursion of the antericr cusp as described

gl sy ¥
EXICT

fete
3

in Chap, 3 crd left ventricuwl=r dimensions, vclumes arnd ejection o

.
3

=

vy the meti.cis of Peabo, Trcy and Rueselld (1971), with the minor modification

that the shoriest distance ketween the endocardial surfaces of the interveniricular

septun 2nd the 12t ventricular posterior wall was used as a measure of end-systclic

diwensicn.

Results

The resuvlts bhave heen tzbiuia
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J, The miiral valve
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The aean tetal aaplitude of the mitral echozram was 22,4 - 3.4 mm, This

e
mean value (25,1 = 4,3 nm) chserved
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-
&
PN

is significantly lover (P<L0,00

~

in a series of riormal subjects (Chop, 8)s The mear diastolic excursion of the
: + S s
anterior cusp, 18,7 = 2.6 ma was alse significartly (P<0,201) belew nermal

Diastolic clesure rate

. s . * =
The mean mitral diastolic closure rate was 317 = 59 mr/see, This is
igmificantly highor (P<2,271) than tkre mean value (176 % 29 nn/seq)

/

ouserval in a series of normal subjects (Chap 2)

Nermal systolic epposition of the antericr ard peosterior mitral

leaflets was demonstrated in none of the patients (™ T2 to 7,]). in

L instancss, the realative positions of the cusps appeared tc reverse daring

gystole, Thus, in systole, the posterior cusp echecran apparsntly arched

forwards ard was recorded in front of thre antericr usy echogran which was

lat/...




flat or sagged posteriorly (Fige 7

Diastolic oscillation

7,1, Case 3 and Fig. 7,2).

A rapid, fine, diastolic oscillation of the mitral anterior and
pesterior cucp echegrams was cbserved in all the patients, The
oscillation was obvious on both the A and TP scans: it is particularly
well seen in the trzeings from patients 2, 4 and 8 (F'és, Tsds 7523 snd
7,3)e
IT. The left ventricle .

Ventricular volumes and the ejecticn fraction
Comparing the results with those from a series of normal subjects

(Chap, 8), er2-2iastolic volume was inere

[EN

fraction was severely reduced and end=sys
all 5,

"Interventricular septun

In cases 5, 6 and 8, maxinal posteri

septuz occurred in early diastole i.e.

Discussion

In 2 small series of cases of post-i

ased in 4 patients while ejecticn

tolic volume was incrensel In
or displacenent of the intervertricular

septzl mebion was reversed,

nfare wdtral repurgitation (Ceves

and Panath, 1973, Javes et al,, 1973), impairment of left ventricular funciion
was invariszule and left ventricular ancurysw was comaon, The usual operative

findings were stretching or rupture

little evidence of papillary muscle

support the theories of Burch et al,

both left ventricular dilatetion and left
mitrzl incompebence but suggest thet the

o

the impertance of papillary musecle f'ibres

3 2 af
myocariial

types of subvalvar incompcternce,
Anziography and pressure measurement:

st ‘.ld.','/. oo

gis, These cbservations tend to
5 aend 1 1948 41 35 S Yig
o and 1958) on the caussl role of

-
-

ventricalar aneurysm in subvalvar

came workers may have over-estimute

S % * o o
ig in the context of

= were not feasible in the presen



study. The diagnosis of ischaenmic subvalvar mitral incompetence was thus
of necessity clinical and was based on unequivocal electreocardiogsaphic

eviderce of myccardisl infarction and, with the cxception of Case 8 in whom
the mitral murmur was variesble, on classical signs «f mitral recurgitatior.

Mitral regurgitaticn was presumed to be due to zevie papillary muscle ischaenmia

or infarction in Case 1 and to papillary muscle fibrosis in the cases examined

-

post-moriem, Left ventricular dilatation anl left vertricular dyckinesis,

which was decmonstrated in threc irstances, were thouzht to be rossible causzl

factors in the remaining pstients,

o

In view of the findings on the plain chest x-ray and at fluorcceopy, the

inercased 1eft vertriewlar dizoneions demorstrated 7y ultrasound were obvicusly

.
i

to be expected, The consistently low ejection fracticns arve in line with

y

argiogrephic observations in post-infarction mitral ircompetence (Coves et als,

ct

1973). Ii should, however, be roted that septal motion was sbnormal in

5 instences and that the reducticn in ejection fraction may therefore have
been over-estimated, Two of thece cases had antero-septel infsrcts Lut the
thirl had no electreocardiographic abnormality tec explain the rasversal cf
septal moveuent,

-

Mitral echcgran amplitude and left ventricuiar volumes ars regatively
correlated (Chap, 8): abrnomally low valuss were recorded in the present
study when the cardio-thoracic ratio exceeled 647, Rurck et al, (1265)
have postulated that in the preserce of left ventriculzr dilatation,
centraction of the papillary muscles may produce dowvnward tracticn on the
mitral cusps in systole. It fas been shown in the canine heart that the
subvalvar apparatus restrains the mitral leuflets durirng both diastole and
syctole (Pedula, Cowan and Camistion, 1963). Yence, it is suggested that
chordal stretching with conseguent restriction of Jdisstelic cusy eacwrsion
way occur as & dilated left veniricie fills, These theories could explain

oth the icw totzl echiogrum amplitude and the low diastolic excursion of the
anterior cusp cbserved nere and in other studies (Bgrgcss et als, 197533 Millward,
Mcleurisn and Craige, 1973).
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While diazstolic cscillation of the mitral cusps is a constant feature
of ischaenmic mitral incoupetence; it has also been obse:ved in subvalvar
regurgitatior of different aetiolegy (Fig. 8,8). The escillation is
more rapid than is usual in aortic regurgitation ard is sc striking that
it is surprising it hus not beer described previocusly.” Fo firm concluzions
can be reachicd on its causej it may simply be due to increased miir:l flow

cor may veflect abnormal tetheiing of the cusps, Thecreticzlly, il the
stretched chordae Leccue taut in &i4stole; the ircreased tension on the
cusps could cause them to oscillate cs the ventricle £ills, Altermatively,
the ozeillaticn could zesult from failvre of lax chordae to restruin the

.

leaflets dQurirg diastole, The first explanation is favourcsd by the low
applitude ard high freguency of the oscillation anéd by the reducticn in
diastolic excursion of the leaflets,

In Cese 8, the systolic closure movement of the anterior cusp was
interrupted (Piz. 7,3)e The same abnormality was cbseivel fraoguently in
hyverirophic obstructive cardiomycpathy (fig. 7,43), less often in

cengestive cardiomyopathy (Fige 7,4b) and cnce in the acule infarci reries

(Pig. 7,4c ard Chepe Z)e Feigerbaum and his co-wouskers have aitributed the

aroxna2ly to warked elevation of the left ventricular end-diastolic pressure

(Kenecke et al.,, 1973): the pressurcs in the patients with cardicmropathy

(Pig. 7,42 and b) zre in Jire with this intercratation, t is of iuterest
that the inferct patiert in whom systolic closurs was interrupted had a normsl mitral

diastolic closure rate despite rafiesraphic evidence cf a high left alrial

hove 2 nor~cemnliary left sentricle

pressure and vas thouzht on this basis %o

i o

The diastslic elesure rates in this study are higher than those clscived

o - e . S ST s S
by Burgess =t al, (ly?}J in lschaemic mitral incempeterce ard may veflzet nore
severe reflux or mere normal ventricular compliance in the present series, It

stould, however, be ncted that in the presence of diastolic oscillation and
preminent cherdal echoes, particular carc is necessary to ensure that a mitral
) < v
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echogram of submaimel émplituae and with an artefactually lew 2diastolic
closure ra‘e is not recorded,

A definitive echocardiorrzphic diacnosis of non-rheumatic mitral
regurpitation can be mad~ only when failure of sysiolic apposition of the
mitral leaflets is demonstrated, Unfortumately, the systolic phase of the
mitral echogren may be diffic:lt to interpret (Pips, 7,1 to 7,4)e The
problem arises because wmultiple echeces are often recorded: the are
particalarly preainent when the left ventricle is dilated, 1t is
that the additional echces originute from the chordae terdinese. The chordae
insert at, and up to 1 cus behind, the Ifrec marsins of the ventricular surface
of the mitrel cusps (Lam et al,, 127C). Thus, when the ultrasonic bsan is
directed in systele through the frue margins of the leaflets, it could
theoretically traverse the chordae insertin

Fige 7,6 is from a patient with ehroric venal failure, con
failure and a varisble, soft apical systolic murmur (Case 15, Crep. 9)s In
complexes 1 and 2 there are multiple systolic zchoes: it is suggested that
the most anlerior echoes origimate from tre anterior cusp chordas anl that

behind thex i frem the postericr cusp, the antericr cusp

o
(7]
0

0
~
[
o
0
(<]
{0
PJ
o
(9]

£

(o]
]
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r cuspe In complex 4, no posterior cusp echogram

-

(4]

and thz chordae té the posteri
has been recordzsd in diastole and orly two echoes have been recorded in systole,
Comparing the wavefora of these two systolic eckces with those in complexes
l and 2, it is suggested that they derive rot from the anterior and gosterior
cusps but from the arterior cusp arl its chordee, There is
Burgess et al. (1573) sn HEEward. 8t nle (1973) have failed to zppreciate this
poinrt and have acecordirgly misdiazresel wide systelic separation of the miiral
leaflets on rimilar echczrans,

Anterior cusp prolapse was suspected in Casss 1 end 2 (Fig. 7,1) becauss
it was particularly diffieult to record a continucus echogram from that structure

e aortic root to the arterior cusp

ok
35

durirg systole. A continuous sweep from

would have provided more definiiive infermaticn but the validity of the mnoenvrs

e oo




was not appreciated at the time the reccrds werc made, Tn four irst-rces,
incluling cases 3 cad 4 (Figs. 7,1 and 7,2), the posiliens of ihe mitral
leaflets arpcarei‘to reverse in systole: thc came phenomenon is seen in
Fige 7,06. The finling could have been ezsily explainel had the ultras
beam passecd through the leaflets Lo the left atrial instead of the left

ventricular wall; in these circumstances ectices from a prolepsed artericr
cusp might be picked up within the atrium, intervering between the posterior
cusp-and lzft atrial wall echoss, However, the Leam in fact traversed the

'
left ventricular wall and Fige 7,7 offers a lentative explanation for the
appearances recordeds The posterier aisp chordae function neormsally but the

antericr cusp chordae are slacke Thus, during systole the posterior casp
is drazged downwards by the subvalvar apparatus of the dilnted ventricle
and a3 & result the peorly tethered anterior cusp mcves akove it and sacs
toverds the left atriune The free edge of the anterior cusp is thus reccorde

between the postericr cusp and the left ventricalar wall,

It ia interesting that the echocardiographic findings in

-

he prezent stud,

“

o

re essentislly simiiar to those reported by Millward et ale (1973) in congestive

cardiomyozalhy with mitral regurgitaticn., Both disorders are associated with

venbriculsar dilatetion and impaired ventricular furcticne It is therefeore

pocsible to speculate that these abnormalities, rather than specific defects of
the papillar, muscles or the chordae, are the basic cause of ischaenic miiral

-

incompetence, Burch et sl, (1943) have indicated heow vertricular dilatation

and ventricular Jryskinesis ceoull cauvse mitradl incoupeterc2: the present
ation tends to suppcrt their theories, Thus, in the patients studied,

because the amplitude of the echogras was never ircreased ard systolic separation

cf the leaflets was rarely gross, mitral regurgitation appear=l to te produce?

{8
atnormal systelic pesitioning of the lcaflets within the ventricle rather than Uy

Millvard e* als (1973) stulled patients with congestive cardiom cpathy

corplicated by mitral incompeterce., They concladed that echoecerdior:
" > v

be used to liagnote corgestive cardicmyopalty., This is clearly rot so: inles
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in my owr experience, ultrasound cannot differentiate congestive cardiomycopathy

without mitral reflux from ischacmic mitral incompetence.

Sammary

Mitral echorrams and the ultrasonic dimensions of- the lef't ventricle
were recorded in 8 patients with ischaemic mitral incompeterce: the recultis
were comparcd with those from nomal subjects. The findings were as followss -
1) ¥itral echogram amplitude was reduced (P<0,001). 2) Mitral diastolic
closure rate was increased (P=<0,001). 3) The mitral cusp oscillated in
diastole. /) Systolic apposition of the cusps was consistently abnormal,
5) Left ventricular ejection fraction was grossly reduced,

It is concluded that ischaemic mitral inccmpctence and conzestive
cardiomyopathy cannot be distinguished echocardiographically. 1t is
suggested that abnormal positioning of the leaflets within the left ventricle,
rather than cusp prolapse, is the usual mecharism of ischaemic mitral
incompetence and that the low echogram amplitude associated with this

disorder is due to chordal stretching in diastole,



TABLE 7,1 CLINICAL FEATURES

Electrocardiogram Chest radiograph
Time from systolic Rhythm z
bfarction i S LA hypertrophy Infarct. site | CTR % | LVF
1 3 days + Sinus - Inferior 60 +
2 2 days & - Sinus - Inferior 57 +
6 months
3 3 months + Sinus + Antero- 65 +
lateral &
inferior
2 years + Sinus ax Inferior 66 +
2 years + Sinus + Anterior & 60 +
Inferior
) 4 years + A.F. / Anterior & 66 +
Inferior
7 2 years + A.F. / Anterior & 60 s
Inferior
8 8 years variable Sinus # Anterior 69 +
TABLE 7,2 ECHOCARDIOGRAPHIC FINDINGS
Mitral anterior cusp echogram End-diastolic | End-systolic | Stroke | Ejection
Total Diastolic  Systolic cusp volume volume volume | fraction
amplitude DCR  oscillation reversal ml. ml. ml.
mm.  MM/sec
1 27 310 + 334 180 154 0-46
2 25 360 +:
3 19:5 340 # +
4 215 400 + + 251 140 111 0-44
5 25 290 + + 143 89 54 0-38
[ 23 320 + 228 146 82 0-36
7 21-5 266 + +
8 16+5 250 + 455 233 222 0-49
Mean | 22,4 | 317 0-43
-1SD (*3.4 |ts0 1 0.06
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CASE 4 - ECG, PHONOCARDIOGRAM AND
ECHOCARDIOGRAM




CASE 8 - ECHOCARDIOGRAM AND CHEST X-RAY
WITH CALCIFIED VENTRICULAR ANEURYSM.
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AN ULTRASONI BEAM DIRECTED A POSSIBLE EXPLANATION FOR
THROUGH THE FREE MARGINS OF CUSP "REVERSAL" IN SYSTOLE.

THE MITRAL LEAFLETS WILL TRAVERSE
THE CHORDAE INSERTED BEYOND THEM.
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FIG. 7,6 See Text



CHAPTER 8

THE DIYWENSICNS, VOLUMES AND PERFORMANCE OF THE IFFT VENTRICLE

The potential or' cardiac ultrasound in the a2ssessment of the left ventricle
is becoming clear but is as yet lorgely unexploited. Because measurements can
be repeated, becauce patients unfit for invasive investigation can be studied
and particularly because ventricalar performance is unaffeected by the procedure,
it is to be expected that echocaridiography of the left ventricle will be used
widely in adult cariiclegy ard in clinical pharmacology. In this thkesis, the
results of echocardiographic studics of the left ventricle in chroriec renzl
failure (Chap., 9) and ischaemic heart disease (Chaps, 7 and 8) have been
rcported.‘ Although parallel angiographic and haemodynamic data were rot
obtained, the results are thougbt to be valid because my own observationms,
reported below, ard the findings ¢f worlkters who have had the opportunity to
compare echeocardiographic ard angiographic asseasments, indicate thzt the

ultrasonic method is acceptably accurate in & variety of cardiac disorders.

Ultrasonic aossessment of the left ventricle ~ a review of the literature

The identification of the echoes frcia the interventricular septum led
to the echcocardiographic estimation of left ventricular dimengions (Popp et al.,
1963). The ventricular dimensior which is measured by ultrasound has been shown
to approximate the angiographic mean minor axis and to correlate significartly
with the semilength of the angiographic major axis (Pombo, Troy and Russell,
1971; Gibson, 1973). The cube of the ultrasonic dimension can be taken as a
measure of left ventricular volume becaucse the left ventricular cavity canr be
represerted by an ellipsoid ard its shape is uniform from patient to patient
(Dodge and baxley, 1969). Ventricular volumes derived by this method agree

closely/e..




closely with estimaticns made from biplang angiograms (Pombo et al., 1971;
Gibson, 1973). When the left ventricle dilates its cavity can ro lorger
be represented by an ellipsoid. Nonetheless, the cube of the ultrasconic
dimension and angiographic estimates of ventricular volume remain
significantly corrclated (Ludbrook et al., 1973).

Gibson (1973) has suggested that echocardiographic estimates of
stroke volume are less likely to be afi'ected by abnormalities of left
ventricular shape than are single measurements of end-diastolic and
end-systolic volume, In practice, lefi ventricular stroke volume
determined by ultrasound has been found to correlate well with measurements
made by the dye-dilution (Pombo et al., 1971) and the Fick methods (Popp and
Harrison; 1970).

Cooper et al. (1972) found close agreement between ultrasound and
cineangiozraphic estimates of ejection fracticn., They observed that, in the
dilated ventricle, more accurate results were obteined by cubing the
ultrasonic dimension than by using the regressicn equaticn of Fortuir et al,
(1971) for ventricular volume., They have subsequently shown that the
echocardiographié estimation of ejection fraction is in general accurate in
patients with abnormalities of left ventricular wall motion (Ludbrook et al.,
1973).

The left ventricular cavity can be outlined by multidimensicn=z]
echocardiography and area-length methods (Greene et al., 1967) can thus be
used to measure ventricular volumes on multiscans (Roelandt et al., 1974).
Provided recording methods improve, it seems likely that multiscanring will
replace angiography in the assessment of the dimensions and performance cf the

lef't ventricle,

Assessment ol the left ventricle in the nomal and abrornal heart.

Before/...




Before the investigation rcported in Chap., 9 was undertaken, the dimensions

volumes and ejection fraction of thel eft ventricle were measured by
ultrasound in a group of normal subjects and in patients with various cardiac

disorders, It was hoped that by comparing the results within and between the

groups, it would be possible to decide whether values of sufficient accuracy for

practical purposes could be derived frecm the dyskinefic, the dilated and the

decompensated ventricle, However, the main aim of this preliminary study was to

identify problems involved in recording and measuring the ultrasonic dimensions,

Subjects

58 subjects were studied, They have been grouped as follows: -
Group 1

13 subjects Jjudged to have normal hecarts., Their ages ranged from
1) to 54 (mean 30) years and 9 were female, All were hospital in-patients
who were either being treated for a dermatological disorder or were
awaiting a minor gynaecological procedure,
Group 2

8 subjects with isolated and at least moderately severe mitral stenosis,
All were awaitiné closed mitral valvotomy and 6 had been catheterised,
Group 3

8 subjects who had undergone successful mitral valvotomy between 3 and
6 months previously. None rad clinical signs of mitral regurgitation or
significant aortic valve disease,
Group L

4 subjects with isolated rheumatic mitral valve disease in whem
significant mitral regurgitation had been demonstrated angiographically.
Group 5

7 subjects judged clinically to have ischaemic mitral incompetence., All
had a mitral diastolic closure rate above 200 mm/sec., an apical pans;stclic

mumur, Q wave evidence of myocardial infarction and radiographic signs of

decompensation/. ..
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decompensation.
Growp 6

3 subjects with non-rheumatic mitral regurgitation which was considered
not to have an ischaemic basis., One patient develcped severe mitral regurgitaticn
in the course of a subacute bacterial endocarditis. The other two, who were known
to have systemic hypertension presented with acute mitral incompetence. In each
case the mitral diastolic closure rate was above 300 my/sec.

Group 7

53 subjects with predoninant aortic stenosis in whom a significant

aortic systolic gradient had been demonstrated.
Group 8

12 subjects with moderate or severe aortic regurgitation who were awaiting
aortic valve replacement, Left ventricular end~diastolic pressure had been

measured in B cases and was elevated in 5 of them,

Methods

The eqguipment has been described (Chaps. 1 and 2). The examination was
made with the patients supine. The transducer was positioned to record echoes
from the mitral 1éaf1ets within the left ventricle. It was then angled dowrwards
to display simultanecus echograms from the endocardial surfaces of the
interventricular septum and the left ventricular posterior wall,

When septal motion was reversed, the shortest distance between the septal
and posterior wall echoes was taken as a Qeasure of end=-systolic dimension:
otherwise, dimensions were measured as in Fig, 8,1, Volumes were derived by
cubing the dimensions and ejection fraction was calculated by the method of

Pombo et al., (1971).

Results
Measurement problems were encountered when posterior wall excursion varied

(Fig. 8,2), when the origin of the posterior ccho was uncertain (Fig. 8,3) and
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when septal motion was reversed (Fig. 8,4).

The results have been tabulated (Tables 8,1 and 8,2).

End-diastolic dimension and end~diastolic volume

The mean values for end-diastolic dimension and end-diastolic volume
in the normal subjects were 47 b4 0.5 cm and 109 z 31 ml respectively.,
Significant increases were observed in aortic regurgitation and pure mitral
regurgitation but the findings in rheumatic mitral incompetence did not reach
statistical significance (P<<0.10). The g;oup with mitral stenosis did not

dif'fer {rom normal,

End-systolic dimension and erd-systolic volume,

The mean values for end-systolic dimension and end-systolic volume in the
nermal subjects were 2,8 = 0.5 cm and 23 I1om respectively. Significant
increases were observed in aortic regurgitation, pure mitral regurgitation and
the post-valvotomy group. The findings in mitral stenosis and rheumatic mitral

incompetence (P<.0,10) did not differ from normal,

Stroke volume and cardiac output

The mean values for left ventricular stroke volume and cardiac output in
the rormal subjectﬁ were 83 = 23 ml and 6.5 22,21 respectively. Althcugh
higher values were also found in rheumatic and ischaemic mitral incompetence,
signifiicant increases were observed only in aortic regurgitation and ischaemic

mitral regurgitation.

Ejection fractions

Ejection fraction in the normal group was 0,8 z 0,065, Significantly
lower values were found in ischaemic (P<<0,00)) and non~-ischaemic (P<<0,05)
mitral regurgitation, aortic regurgitation (P<<0.05) and in the post-valvctomy

growp (P<0,001).

Discussion
Inaccuracies are inevitable irn the measurement of left ventricular volume
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and ejection fraction by single plane echocardiography. Thus, the basic
assumptions about the shape of the cavity and the uniformity of wall motion
may be invalid in individual patients, while possible errors due to shortening
of the long exis and to rotation and lateral movement of the heart can neither
te identified nor coméensated for. .

Some errors can be avoided. Dimensicrs should be measired over a series
of cardiac cycles as although beat to beat variations are usually small, they
may on occasion be significant (Fig. 8,2): in the example shown estiuates of
end-diastolic volume and ejection fraction varied from 136 to 216 ml and from
0.41 to 0.63 respectively. Because the ultrasonic dimension decreaszs at ihe
level of the posterior papillary muscle (Chap. 4), measurements must be made
above that structure and immediately below the mitral valve, In rezording
Fig. 8,3, the ultrasonic beam was swept downwards from the mitral velve towards
the apex of the ventricle: the changes in dimension are obviocus,

Althourh the method used here to measure end-systolic dimension
in the prescnce of abnormmal septal movement may be empirical, there is no
evidence that it is seriously inaccurate, Thus, ejection fraction derived
by this method is nommal in atrial septal defect (Fig. 8,4) and, in the present
series, was reduéed in iséhaemic mitral incempetence,

In that left ventricular end-diastolic, end-systolic and sircke volumes
were normal in mitral and aortic stenosis and significantly increased in mitral
and aortic regurgitation, the findings of this study suggest that even in the
presence of left ventricular dilatation, the cube of the ultrasonic dimension
provides a useful estimate of ventricular volume., It is not possible to comment
on the absolute accuracy of the results, However, it is interesting tc note thuat
very similar results, both in numerical terms and in terms of the significance of
the differences between patients and normals were ob‘ained by Gibson and Brown
(1973) in an echocardiographic study of normal subjects and of patients with
valvular disease,

The ejection fractions in this series of normml subjects were higher than

those/. ..




those reportéd by Gibson and Brown (1973) and did not approach the lower
limit of normal set by Kennedy et al. (1966) from anglographic data.

Because until recentl; it could only be determined angiographically, there

is little published information on the ejeéticn fraction of the normal heart:
an echocardiographic study of a large numnber of normal subjects would be
valuable, In the present investipgation, althéugh significant reluctions were
observed in othersroups, ejection fractiocn was, as might be expected, lowest
in ischaemic mitral incompetence. Heller and Carleton (1972) ard lolzer et al
(1973) have demonstrated impaired left ventricular performance in some patients
with mitral stenosis: the reduced ejection fraction in ore patient wiilh mixe?
mitml valve disease and the low mean value in the post-valvotomy croup are

in line with their findings.

Diastolic velccity of the left ventricular posterior wall

Left ventricular filling has been studied by varicus methcis: an early
diastolic phase of rapid filling and a subs=quent phase of reduced inflow have
been dcmcnstratéﬁ (Volan et al., 1969; Dcége and Baxley, 17627; Kunzr and Spodicik,
1970; Rushmer, 1972). Fogelman et al. (1572) have used ultrasound io
investigate the diastolic motion of the postcrior wall of the nermal and ihe
ischaemic left ventricle,

The aim of this study was to evaluate the posterior wall diastolic velccity
as an index of left ventricular filling by comparing the results from nora=l

subjects and patients with valvalar disease and by examining the relation betweern

the mitral diastolic clcsure rate and the posterior wall diastolic velocity.

Subjects and

The ul“rascric tracirn-s from the 58 subjects cf ihe previous study (Chap. 2)
2 & /2
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from 25 patients on regular dialysis therapy (Chep. 9) and from 4 additior2l nermal

subjects were reviewed, Those on which the pestericr wall diastolic
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velocity could be measured were selected and form the basis of the present
study.

Left ventricular posterior wall diastolic velocity was measured as the
slope of the line Jjoining the most anterior point on the echogram with the

point vhere rapid posterior 6isplacemcnt ends (Fiz. 8,1).
The results from 17 nommal subjects and 40 gutients with valve
lesions were compared (Table 3,2), The relation between the mitral
'
diastolic closure rate and posterior wall diastolic velocity was exaained
in 10 normal subjects, 8 dialysis patients and 1l patients with valvular

disorders (Apperdix).

Resultis

Posterior wall diastolicvelocity in neormal subjects and patie:ts with

valvalar disease

The results have beern tabulated (Table 8,2).
In the normzl group, postericr wall diastolic velocity rarged from
- . + ’ .
76 to 156 :m/sec with a mean of 114 ~ 28 mm/sec: with the exception of

the pre-valvotomy group, some patients in each group had values within the

normal range., Peostericr wall diastolic velocity was signifizantly reduced
in mitral stenos and mixed mitral valve disease, DNo other consistent

trends were observed; in aortic regurgitation, posterior wall diastclic
velocit,; was increased in 2 and normal in 8 cases while in mitral repurgitation
it was increased in one, decreased in one and normzl in 3 cases,
Posterior wall diastolic velocity was positively and significantly
correlated with stroke volune (r = O.Ll; P-20,02): when patients with
rheumatic mitral valve disease were excluled, the correlation was no longer
significant (r = 0.27; P>0.10). Posterior wall diastolic velocity did not

correlate significantl: with ejection fraction.

Posterior wall diastolic welceity and the mitral diastolic closure rate

On the data from 29 subjects (Appendix), posterior wall diastolic

velocity/e..



velocity was found to correlate positively and significartly with the
mitral diastolic closure mate (r = 0.53; P<<0,005): when patients with
mitral stenosis were excluded, the correlation was no lorger significant

(r = 0.19; P>0.10).

Features of the posterior wall echogram

Except in mitral stenosis where the transition to the phase of
slow outwards displacement was more gradual (Mig. 8,5), the initial
phase of rapid posterior wall displacement terminated abruptly
(Figs. 8,1 and 8,8)s In rheumatic mitral incompetence with atrial
fibrillation, posterior w2ll diastolic velocity did not very with

the length of diastole (Fig. 8,6).

Discussion

It is established that in animals there is an early diastolic phase

(4]

of rapid left ventricular filling and a subsequent phase of reduced inflow
(Nolan et al., 1969; Rushmer, 1972). Angiographic cbservations (Dodwe and
Baxley, 1969) and the diastolic waveform of both the apex cardiogram {(Funar
and Spodick, 1970) and the mitral echogram (Fig. 2,5) indicate that the
normal human leftgventricle has similar filling characteristics,

In diastole, the normal left ventricular posterior wasll echogrem is
initially rapidly and subsequently slcwly displaced posteriorly (Fig. 2,1),
suggesting that posterior wall motion reflects ventricular filling, However,
this study has shown that the relation bectween left ventricular filling and
the initial diastolic velocity of the posterior wall is not a simple one,
Thus, although posterior wall diastolic velocity was positively and
significantly correlated with stroke volume and was reduced when left
ventricular inflow was obstructed, it was usually normal in lesions in
which the volune and rate of left ventricular filling are characteristically
increased, ard in individual cases was normal despite a high stroke volume.
Similarly, Gibson ard Brown (1973) found ttat the rate of increase of the
ultrasonic dimension, which they have used as a wmeasure of lefi ventricalar
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filling, is normal in aortic regurgitation, These discrepancies can be
explained; for a given diastolic inflow, the increcase in ventricular
dimensions and the displacement of the posterior wall will be deternined
in part by the size and diastolic compliance of the left ventricle,

It has been suggested that early left ventricular filling occurs
under the influence of myocardial diastclic reccil (Rdshmer, 1972)., It
is possible that the velocity measured in this study-is the velocity
of diastolic recoil and that the elastic properties of the uyccardium
are responsible for the abrupt deceleration in mid-diastole., FEowever,
unless myocardial elasticity is impaired in rheumatic heart disease,
the pattern of posterior wall motion in mitral stencsis is against this
interpretation as is the failure of posterior wall diastolic velocity to
correlate significantly with ejection fraction,

Fogelnman et al. (1972) measured posterior wall diastolic velocity in
nommal subjects: the results ranged from 70 to 130 mry/sec. ani are
similar to these in the present normal group. They postulated that the
relatively low velocities which they observed in exercising ischaemic
subjects mizht reflect reduced ventricular compliance., #hile it is
theoretically possible that reduced ventricular compliance could be
inferred when a normal or high stroke veolume ani a2 reduced posterior wall
diastolic velocity are assoéiated, this study has shown that posterior
wall diastolic velocity is unlikely to te a useful index of compliance in
the dilated ventricle,

On the present evidence it must be concluded that the initial
diastolic velocity of the left veniricular posterior wall has nc practical

value as an index of left ventricular filling.

Ultrasonic assessment of left ventricular function in acute myocardial infarction

The dimensions, velumes and ejection fraction of the left ventricle were
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neasured by ultrasound in 10 patients with acute myocardial infarction.
The infarct was anterior in 4 and irlerior in 6 instarces, /4 patients had
clinical and raldiccraphic evidence of moderate left heart failure (Table 3,3):
of these, one (Case Z) had long-standing cardionegaly from chronic reral
failure ani systemic Lypertensicn, one (Case 4) had clinical signs of acute
papiliary nuscle dysfurction end in a third (Case 1), the clinical diagnosis
of interventricular septal rupture was confimed at pest-mortem. The
uwltrasound exaninations were carried out on the second or third day after
infarction,

The results, which were compared with those from 13 nermal sabjects

(Tables 8,1 and 8,2), have been tabulated - Table 8,3,

wall diastolic velocity (P<1.01) were the oniy significunt abnormalitics
in the group as a whole, other abnomalities were cbserved in irdividual
patients,

This was a small, preliminary study anid no general cenclusions on
ventricular performance in myccardial infarction with lef't heari failure

can be drawn from it., Thus, the patisnts in failure were atypical in that

one had pre-existing cardiac enlarigement and three had a cause for left
vertricular volumc overload. Only Case 3, who had no history of previcus
cardiac disease and in whon there was no evidence of mitral regurgitation
or intra-cardiac shunting, conformed to the more usual clinical picture,

An increase in lef+ ventricular size is common in acute myccardial
infarction (Karliner ard Ross, 1971): in the present series, the ultrascnic
dimension and the derived end-diastolic wolume were marginally elevated in
two patients with uncomplicated infarction and were grossly increased in the
patients with papillary muscle dysfunction (Case 4) ard established cardiomegaly
(Case 2). The findings suggest trat an increase in left ventricular size is

not an invariable acccmpariment of nmyocardial infarction or of complicating left

heart failure and that left ventricular enlargeient may be present without

evidence/,..




evidence of heart failure,

Scheidt et al, (1973) found trat while stroke volume ani cardisc
output may be reduced in infarction complicated by mild or moderate
failure, they are normal in uncomplicated infarction. An increased
cardiac ocutput has occasionally been cbserved in acutc’myocardial
infarction (Shillingford and Thomas, 1967). The normal stroke
volune and cardiac output in uncomplicated infarction and the reduced

,
valves in a single patient with left heart failure (Case 3) are in
keeping with the findings of other workers., While the normal values
in Case 1 and the high values in Cases 2 and )4 are at variance with the
observations of others, they were to be expected in view of the associated
co.rdiac abnormalities, It should, hcwever, be noted that in the presence of
mitral regurgitation, stroke volume derived by ultrasound may be very
dif ferent from true forward stroke volume.

Thera are no published reports on the ejection fracticen of the acutely
infarcted ventricle, By the criteria of Kemnedy et al. (1966), ejection
fraction was abnormal in only iwc patients (Cases 3 ard 4), both of whom
vere in failure., .However, values below the normal range reported in Table 8,2,
were observed in several uncomplicated infarcts. Escause the ejecticn fracticn
of the rorual left ventricle requires further study, only the follcwing limitcd
conclusions arc possible: in the context of acute myoccardial infarction left
heart failure may be associated with a normal or a reduced ejection fraction ani
in uncomplicated infarction the ejection fraction is not substantially reduced.

Posterior wall diastolic velocity was low in a patient with and in others
without left heart failure, The low velocities were recorded despite normal or
high stroke volumes and could theoretically reflect reduced ventricular
compliance,

Althouch Loeb et al., (1973) have found haemodynamic measurements to be

of little value in estimating ventricular performance folleowing myocardial

infarction, echocardiographic measurecments may have more to offer.




The amplitude of the mitral echogram

The amplitude of the mitral echogram is conventionally measured as
the vertical distance between points C and E in Fig. 5, 1 (Edler, 1567).
Published values for the amplitude of the normal mitral echogram

vary: =

Amplitude mm,

25 = 40 Winters et al., 1957
2l - 32 Segal, Likoff and Kingsley, 1966
20 = 33, mean 27 - Edler, 1967
LUy - 33, mean 22 Ross, 1972
19 - 27, mean 22 Wharton and Lopez Bescos, 1370
23 = 32, mean 28 Burgess et al., 1973
In the study reported in Chap. 2, the echograms selected for
measurenent of the mitral diastolic closure rate were of maximal
amplitude, Echogram amplitudes were measured in the 45 subjects whose
diastolic closure rates have been graphed in Fig., 2, 7: the range was
22 to 41 mm with 2 mean of 29.1 2 4e3 mm, These are higher values than
most of those previously reported and they may indicate that other workers
have becn less c;reful to record the maximal echogram amplitude,
Chakorn et al., 1972 pointed out that the mitral echogram is a
composite of mitral ring movement and of movement of the anterior cusp
in relation to the ring: Fig., 4,6 illustrates this well, Conventionally,
the total amplitude of the mitral echogram, which includes the contribution
of ring movement in systcle, is measured., It may, however, on occasion be
interesting to measure diastolic excursion of the anterior leaflet i.e. the
vertical distance between points D and E in Fig, 5,1. In the normal subjccts
(Fig. 2, 7) this value ranged fron 20 to 36.5 mm with a mean of 24,0 = 3.8 mm,
Wharton and Lopez Bescos (1970) found an increased mitral echorram
amplitude in acrtic ard mitral regurgitation and postulated that left ventricular

dilatation might be responsible., Bellhouse (1972) used these findinze to
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(Ve
uppert his own observations on a medel mitral valve:s he suggested that in a
dilated ventricle, reluced vortex strength favours incressed diastolic
excursion of the mitral leaflets. Chakorn et al. (1972) concludeld that
increased lef't ventricalar stroke volume is associated wiih increased

S Ao

echogran amplitude and that increasel ring movenent is the most important
factor contributing to the increased overall excursion of the echozram,
Or the grounds that echogram amplitude is little different from rormal in
mitml stenosis (Fige 5,4) and that rormal or low amplitudes have been
obs erved 3 in ischzemic mitral incompotencé (Table 7,2) and in aortic
regurgitation (Fig. 6,1), these conclusions were thought to be saspect,

The relations of echogram amplitude to the stroke volume, end-diastolic
volume, e¢nd=-systclic volume and ejection fraction of the left ventricle were
investigated in 46 subjects, OF these 13 were normal, 8 had zortic regurgitation,
10 had non-rheunztic mitral regurgitation and 15 were on regular dialysis
therapy (Aypcnql*) patients with rheumatic mitral valve discase were excluded
from the anulysis, Amplitude and stroke volume were not significantly correlzted
(r = = 0,50; P>0,10 in non-rheanatic mitral regurgitation ard r = = 0,25;

>0,10 in the remaining 36 patients). Amplitude ard both end-diastolic volume
(r = = 0.40; P<<0,01 - Fig. 8,9) and end-systolic volume (r = = 0.39; P<0,02)
were negatively and significantly correlated. The correlation between
amplitude and ejection fraction (r = 0.29; P<<0,05) was positive and sicnificant,
The findings indicate that as the left ventricle dilates, mitrzl echogrun
amplitude decreases: as suggested in Chap, 7, chordal stretching in diastole

with consequent restriction of mitral leaflet excursion may be respcensible,

Sunmary

The literature on the ultraconic di=mension of the left ventricle and on
the ventricular velumes ard ejection fraction derived from it is reviewed,

The results of an echocardiographic study of the dimensions, vclumes and
ejection fraction of the left ventricle in nermal subjects and in patients with

aortic and mitral valve disease are reported., It is concluded that even in the

presence/e..
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presence of ventricular dilatation, the cube of the ultrasonic dimersion
provides a useful estim:te of Jeft ventricular volume, Attention is drawn
to three possible sources of measurement error and to the need fer fucther
echocardiographic studies of the ejection fraction,

The relation between left ventricular filling and the initial diastelic
velocity of the left ventricular posterior wall was shown not to be a simple
one, It is concluded that measvurement of the posterior wall diastolic velccity
is of little practical value in the assessment of left ventricular filling.

In a series of normal subjects mitral echogram amplitude was 29,1 = 4o mm,
No correlation was observed between echogram amplitude and the mitral diastolic
closure rate. Amplitude and the end-diastolic and end-systolic volumes of the
left ventricle were negatively and sigrnificantly correlated, The correlation

between amplitude and ejection fraction was positive and significant.
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LEFT VENTRICULAR DIMENSION AND POSTERIOR WALL

STOLIC VELOCITY - ME] O MEASUREMENT
: n M : 0

FIG. 8,3 SWEEP FROM MITRAL VALVE TO APEX OF LEFT VENTRICLE

FIG. 8,4 REVERSED SEPTAL MOTION IN ATRIAL SEPTAL DEFECT
ESV=12ml EF=0.84




TABLE 8,3, THE LEFT VENTRICLE IN ACUTE MYOCARDIAL INFARCTION

Infarct Heort | EDD EDV ESD | ESV | Sv cOo EF PWE PWDV
site LVF rate | cm. ml. cm. [ ml, ml. | I/min mm. | mm/sec.
1| Anterior + 95 4.7 102 2:4 15 87 83 0-85 | 13-0 106
2| Anterior + 65 63 244 3-8 53 |191 130 0-78 | 13-0 105
3| Inferior + 80 4.9 115 4-0 64 51 4-1 0:44 | 10-0
4| Inferior * 88 69 334 57 180 |[154 13-6 0-46 95 47
5| Anterior - 75 5:0 125 2.9 24 101 76 0-80 | 16-0 112
6| Anterior - 92 5.0 125 34 39 86 7:9 | 069 | 165 100
7| Inferior - 100 50 125 35 42 83 83 | 066 | 160 53
8| Inferior - 86 53 151 33 34 (117 10-1 077 | 15-0 60
9| Inferior - 80 36 48 27 20 28 22 058 | 10-5 73
10| Inferior - 75 54 157 3-8 54 1103 7:7 ] 066 | 10-5 45
Mean 84 5:2 153 36 53 | 100 83 | 0067 | 13 78
SD ] 089 81 | 091 47 | 47 | 35 | 0-14 | 275| 28
P >0-10 <0-10 |>0-10 <0-02 <0-01

End diastolic volume ml

10 15 20 25 30 35 40

Amplitude mm

FIG. 8,9 LEFT VENTRICULAR END-DIASTOLIC VOLUME AND
MITRAL ECHOGRAM AMPLITUDE - 46 PATIENTS




CHAPTER 9

ULTRASCOIWIC ASSESS:{ENT OF LEFT VENTRICUL AR FURCTION

IN CHRONIC RENAL FATLURE

As chronic reral failure progresses to the point where regular dialysis
therapy (RDT) is necessary, fluid overload, systemic hyperteasion (Curtis et
al., 1969) and anaemia (Adamson, Eschbach 'and Finch, 1968) are usval. Clinical
features of circulatory congestion are common in acute (Agrest and Finkielman,
1967) and chronic (Del Greco, Simon ard Roguska, 1969) renal failure. Although
Del Greco et al. (1969) have suggested that the circulatory corgestion has a
non-cardiac basis, others have postulated that myocardial toxint circulate in
uraemic patients and that impaired myocardial contractility may therefore be a
contributory factor (Bailey, Hampers and Merrill, 1967).

Limited haemodynamic studies have been carried out in acute renal failure
(Agrest and Finkielman, 1967) and in patients on maintenance haemodialysis:
most have demonstrated an incrcased cardiac output (Goss et al,, 1967; Del
Greco et al,, 1969; Hampers et al., 1969; Gutkin et al., 1969; Neff et al., 1971;
Tuckman et al., 1572). Systolic time intervals have been measured in dialycis
patients without circulatory congestion (Prakash and Wegner, 1972) but there are
no published reports on left ventricular function in patients with circulstory
congestion.

Pericardial effusion can be diagnosed (Feigerbaum, 1$70) end 1 eft
ventricular volumes and ejection fraction can be measured by echocardiography
(Pombo, Troy and Russell, 1971; Ludbrook et al., 1973).

The aims of the present study were to use the method to investigate left
ventricular performance in patients with chronic rcral failure, with and without
circulatery congestion; to compare the results before and afier a short period
on RDT with those from normal subjects and patients stabilised on RDT; and to
note the incidence of pericardial effusion in dialysis patients.

)'( ethods”. .o
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Methods

The equipment used was an Eskoline 20 ultrasonoscope with an unfocused
transducer, Records were made with an ultraviclet strip-chart recorder
(Honeywell Visicorder) except in 4 instance; where Lhe time-position display
was recorded directly from the oscilloscope face by Polaroid photography. The
patients were examined supine and the transducer was -positicnel and angled to
display simultaneous echoes from the interventricalar sqptuﬁ and from the left
ventricular posterior wall beleuv the free margin of the posterier cusp; care
was taken to avoid thc.region of the posterior papillary muscle (Chaps. 4 endf),
Dimensiong, volumes and the ejection fraction were measured and calenlated from
the mean of up to 10 cardiac cycles by the methcds.de:cribed Ly Pombo et al, (1971).
The results were compared with those from 13 normal subjects {(Chap, 8 ),
Statistical analysis wos by Student's *4{' tests feor the significance of

differences tetween means &nd between paired cbservations,

Patients

Three groups were studied,

Group 1 (Table 9,1) - pre dislysis

10 patients being considered for inclusion in a regular dielysis piogromnae,
The clinical features cf circulatory ccngestion viere present in each; &ll had
peripheral ocedema, raised jugular venous pressure, apiczl triple rhythm and
basal crepitations., Of the 3 patients in whom informaticn was available, 7 rad
radiographic pulmenary oedema, Cne patient was normotensive, the remainder had
mild or moderate systemic hypertension, All were anaemic, the highest packed
cell volume being 31%. The mean values for packed cell volume, blood pressure
and cardio-thoracic ratic in this group have been tabulated (Tablc.9,3).

Patient 9 was rejected for RDT and patient 6 died before it could begin.

Group 2 (Table 9,2) - en DT

|

6 patients from Group 1 on RDT for less than 8 (mcan §) weeks,

were dialysed threce times per weelr ard ultrascnic examination was carried out

on the first or second post-dialysis day, Signs of circulatory corncestion were

present/. ..




present in two patients of whom one had radiographic pulmonary ocdexa, One
was normotensive and one was severely hypsriersive, All were anaenic, ihe
highest packed cell v&lume being 23%, The mean values for packed cell volume,
blood preszure and cardio-thoracic ratio in‘'this gro: p have been tahulated

(Table 9,3).

Group 3 (Table 9,4) ~ on ROT

A miscellaneous group of 9 patients, all on RDT for more than 6 months
but vith widely varying clinical feeturcsy Thus, patients 3, 4, 11 ard 12
were examined twe weeks after succn:sfal renal transplant procedures:; patients
1 anl 13 were examined tc confirm radiogrsphic evidence of pericardicl cffusicn
and patients 14, 15 ani 16 were examined becausz of persisting cvidence of
circulatory congestion despite RDT,

Signs of circulatory congestion wers present in 6 patients of whea 5 had
radiographic pulmorary oecdema, Two were nomotensive and systemic hypertersicn
varied from mild to severe in the remainder, All were anaemic, the highest PCY

being 32%. The cardio-thoracic ratio was clearly increased in 6 cases,

Results
The echocardiogrsphic¢ findings in Groups 1, 2, and 3 are presented in
Tebles 9,5; 9,6 and 9,7 respectively., (Because volune was calsulated from

dimension corrected to two decimal places, the volumes tabulated are not

always the precise cube of the correspenling dimensions).

Group 1 (Table 2,5)

Pericardial effusion was diagnosed from the plain chest radiograph in
3 cases (Table 9,1) and by ultrasound (Fig 9,1) in 6 cases (patients 1 - 4, 6
ar-.d 8) .

The mean heart rate was 95 beata/min. Yean end-diastclic and end-systolic
dimensions and the corresponling mean end-diastolic (P« 0,001) &nd erd-systolic
(P<<2.22) velumes were significantly inereased with respect to normal., ¥nd-

Q

diastolic volume was greater than normal in 8 cases: 31t was normal in the only

patient (patient 3) known not tc have pulmonary cedema and was within the nermal

raric/eee



range bub 32 above the nom2l mean in one cther (patient 9). End-systolic
volume was normal in L cases, including patients J and 9; was within the nermaz
range but 18D above the nonnal mean in one and was abnormally increased in the
remainder,

Mean stroke volume and mean cardiac cuiput were irereased (P<< 0,001):
values within the rarge of the present normal series wérc, however, recorded
in patients 3 and 9 for stroke volume and in patient 9 for cardiac output,

Although the mean value was normal, ejection fractior was reiluced in two

patients (5 anl 7).

$J]

-~

Cardiac cutput and packed cell volume were not inversely cerrzlated

(r = 0.24; P>0,10),

Creup 2 (Table 9,6)

Pericardial effusion was disgnosed from the plain chest radiosraph in
one case (Table 9,2) and by ultrasound in two cases (“1t1ﬁntu 4 ard 8)e

The meen heart rale was 30 wf‘t§/w_.. Mean end=-lizslolic and end-systolic
dimensions and the corresponiing mear end-diastolic (B=0,025) zrd end-systolic
(P<<0,001) volumes were increased with respect to normal: the volumes were
greater than nomal in all but patient 3.

Mean strcke volume aﬁd mean cardiac output were above normal {(P<~0,02):
stroke volume was, however, normal in patiernt 7 and cardiac output was normal
in patients 3 ard 10, Two patients (3 ard 7) had ejection fracticns beleow
the present normal ranze and mean ejection fraction fer the group was reduced
(P= .Gl). The findings in patients with and without circulatory congesticn
are comparcd in Wig, 9,2

Cardiac output and packed cell volume were not inversely correlated

(r = 0.21; P>0,20).

Comparison of findings befcere RDT ard after 5 weels on 3IDT (pTCu s 1 and 2)

('f'

With RDT, the heart rate (P20,02) and the cardiothoracic ratio (P—0.05)
decreasel (Table 9,3). Alterations in left ventricular velumes and performarce

were/eee



were not significant and showed no consistent trends (Table 9,6).

| In two patierts (7 and 8) signs of circalatery corgestion persisted
at the second examination despite a period of RDT: cardiac output and
end~-diastolic velume increased in both,

In four patients (3,4,5 and 10) signs of circudlatory concestion resclved
between the examinations. Whiie cardiac output fell.in three instances with
an accompanying raduction in end-diastolic veclume in patients 3 and 10, it
rose in patient 5 in whom end-diastolic vqlume was constant,

Echocardiograms and chest radiopraphs from patients 5 snd 10 before and

after RDT are shown in Figs. 9,3 and 9, 4

Group 3, (Table 9,7)

Pericardial effusion was diagnosed from the plain chart madiogranh in
) S (&1 e

e §

4 cases (Tsble 9,4 end by ultrascunl in patients 1, 11 and 12,

Because the results varied widely, mean values were rot calculeated
for this grecup. In Fig., 9,2 the results are compared with those from
the normal series and frea Groups 1 and 2: patients with clinical signs
of circulatory ccngesticn are identified,

End~diastolic end end-systolic volumes wers increased in five ani
normal in four caées; cardiac cutput was high in fivsg normel in tkrce :né
low in cne case; stroke volume was high in three, normal in five and low

on fraction was normal in five and reduced in four cases,

(=8

in two cases; eject
Of the six patients in this group with signs cf circulalery corgestion,

four tad a reduced ejection fraction and three had a low cardisc output,

Packed cell volume and cardisc output were not irversely correlated

(r = 0.53; P="0.19).

The echocardicgram ard chest radiograph of patient 15 are shown in

Fig. 9’ 5

Discussion
Cardiac output has been found to be high in acute renal failure (L rcst

‘&r-d/oo.



and Flnklvlnnn, 1967) and in patients stabilised on mainterance haencdialysis

(Goss et al., 1967; Gutkin et al., 1969; Neff et al., 1971; Tuckmon et al., 1972).
The present study has shown that a high cutpul iz also usual in patiarts with
chronic renal failure awaltlnb their first dialysis or on RDT for a short
period, Tt confirms the findings in a group of patients aboul to start RDT

n whon cardiac output wés measured by dye-diluticn (Table 9,38). It sheould,
however, be noted thal cardiac output was lewer in the group in which it was
measured L cenventional methods, '

A hizh cardiac output is theoretically to be expected in end-stage
chreonic rernel failure which is frequently associated with amaenia and an
increesed plasma volume (Goss et al., 1967; Gutkin et al,, 1969), NWNeff et al,
(1971) concluded that the increased cardiac cutpul in chronic renal failure
is secondary to anacaia while Gutkin et al. (1959) and Tuckmen et al. (1772)
demonstrated a signifi jcant inverse rorrelation tetwesn packed c¢£ll volune
and carvdiac output in patients stabilised on RDY, The zhsence of such a
corrvelation in the present seri;c of patients, all of whom were anaemic,
sugcests that before ard emrly in the course of DT, the high cardiac output
has al?itional detercinents, OCne of thesemay he irncreased bleed volume;
total body water as ircreased in patients about to start on RDT (Table 9,8),
plasna volume is increased in acute reral failure and in patients on maintenance
haemodizlysis (Gutkin et al., 1969), while blood volume ard cerdiac output ars
sigrificantly correlated in acute r-ral failure (Agrest ard Pinkielman, 1967).
The preserce of a surgically created arterio-verous communicaticn which mzy
increase the cardiac output by as much as 25% (Menro et al,, 19€7) is arother

possible but probably less important factor.

o]

Del Greco et al. (1569) observed widely verying cardiac cutputs and

both normal and prolonged circulation timess in

‘o

atierts with circulatory
cong~stions They concluded that in chronic uraemia, circqlafoxy corgestion
results fro: a variety of taemodynamic, myocardial and metzbcelic alterations
Left ventricular function ras Leen assessed in mere detail in th: nieser
study.
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The end~diastolic vclume and the contractil ity of a ventricle determine

oo
4

its ejection fraction. The ejection fra

9}
c*
[ER

on thus prevides information on
ventricular perfomance but is not ‘an adequate irdex of contractivity

mates

;_.

(Mitchell and Wildenthal, 1972). Ultrasonic ani eincanciogsophic est!
of ejection fraciicn are closely correlated (Tembo, Trey and Russell, 1271).
Al%hcugh in the present normai series the ejecticn fva;tic“ a3 never less
than YJ%, others have accepted 52% as the lower limif of normel (Rernedy et
al., 1966; Gibscn and Brown, 1973).
'

Before RDT, circulatory congesticn was associzted wita high strcke
and end-diastolic vclumes and with a normal ejecticn fracticn, There viere,
however, two exceplions; in patients 5 and 7. stroke vclume was increasecd
but the ejection fractions were well below the present hoxmal range. although
they fall within the nomal limits of Yernedy et al. (1966), it is suggested
that these values are inappropriately low for ventricles functioning at a
high ¢ Li'dlmStOIiC vomume and that they thercefore reflect impaired left
ventricular function. ' It is impossible to be cartain whether impaired
contractil ity or an increase in end-diastolic volune to the point wherc the
ventricles were operating on the downslope of the Prank-Stzrling curve was
respersible for th:z reduced ejection fractions, However, the fact that after
RI?, ejection fracticn increased despite unaltered (paticnt 5) and ircrcased
(patient 7) end-diastolic volumes, suggests that factors other than the
Frark-Starling mecharnism were operative,

The findings in patients in vwhom circulatory congestion was presernt
despite more than € months on RDT were clearly different. Thus though cariliae
cutput was high and ventricular functicn was normal in 3 patients, in three

others stroke velane was low and ejection fracticn was severely reduced

m

End-diastolic velume was increased in patient 15 (Fig. 9,5) who conformed
clinically to Bailey's Qescription of uracmic cardionyopathy (Bailey et 2l.,
1967). Althouzh he bkad no clinical evidence of ischaemic heart disease arni
vias only mod:zrately hypertensive, cardiac enlargzement had procressed rapidly
ard he was in intractable congestive cardiac failure with hepatomezaly and

ascites/s o
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ascites, Fnd-diastolic volume was normal in patient 14 but cardiac size
increased subseguently arnd she died in left heart failure: therewas ne
macrosecpic eviderce of coronary artery disease at autopsy, Patient 16

had a history of angina and freguent arrbythaias ducirg dialysis procedures,

It cun be broadly concluded firstly, that circulatory corzestion and
pulmonary oedema before or in the early stages of RDT are usually associated
with normal left ventricular performance and secondly, that these features
commonly reflcct impaired ventricular funetion in patients mairtained on
dialysis for longer periods. The findings in Groups 1 and 2‘a1ao surrest
that in the early stages of RDT, resoluticn of circulatory congestion is
assccisted with a reduction in cardiac cutput,

Blood pressure usually ccmes unier satisfactory contrel within the
first two months of RDT (Curtis et ale, 1969). Decreases in total
exchangeable scdium ard extracellular fluid volume have been shown to be
associate? with the £all in blood pressure cn dielysis (Blumberg et al., 1567).
In the present seriecs, blood pressure responded variall: anld in three caces
actually incressed darinrg the first two months on dialysis, These atypicsl
responses could explain the absence of consistent charges in ventricul

dimensions and finction over the period but there were other possitle variables,.

3

Thus, in Group 2, the degrze of soldiuam and water retention could be expected
to he greater in those patients examined on the seccnd than in those examined
on the first post-dialysis day., Further, all patients had a radial
arterio-verous fistula of the Cimino-Brescia type but the size of the
communication g°'gei from the d*mﬁr81cns of the arterialised vein varied
consideraltly,

It is interesting to note that in patients 3 and 4 no major haenod namic
adjustments appareintly occurred after the first few weeks on RDT: sircke
velume and cardiac output were essentizlly the same when they were exzminel
after less than two months and after 1 year on dialysis, PFig. 9,6 is 2
tracirg from patient 4 at 12 nonths: it shows the persistent irercase i

erd diastclic Aimension,

Echocardiogrﬁphx/-oo
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Echocardiography is ncow widely accepted as themethod cf choice for
the detection or exclusicn of pericardial effusion (FcigerbaJm 1970): in
the present stuly its supcriority over the plain chart reldiograph wase
clearly demonstrated, Pericardial effusicn was prerent in all the Groups
studied but its Incidence was highest (60f) in the pre-dialysis patients,
The effusions diminished or resolved cduring the eari& weeks of RDT, the
process .being reflected in a significant fall in cardic-thoracic ratio

'
despite unaltered ventriculzar dimensions.

The non-invasive rature of echocardiography suits it to the 1nveut‘;\tion
of patients with renal failure, There are many reasons why such patients

should rot be subjected to more aggressive investigstive rmethods; the

L3

cannct afford to lose bloed, they are unable to excrcte centrast rediz and
they recguire intact vessels for access to the circulation at dialysis,

This stﬁdy has shown that cardiac ultrasound can provide information
which is peotentially useful for the management of patients on regulax
dialysis therapy. Thus, apart from the cbviocus value of identifying or
excluding pericardial effusion as a cause. of radiographic cardiomegsaly,
it may be poss'blé to differentiate echccardiographically between patients
in whon eirculatory corgestion could be expected to respond to digitalisation
and those in whcm it should be treated by an increése in diglysis—~time,

The basic, samewhat academic question of whether “uraemia" can by
itself impair myocardial contractility remains unanswered, A further study
is planned in which multiple assessments of left ventricular functicn bty
ultrasound and by systolic time intervals will be made during the first few
weeks on dialysis: it will include measurements ascross single dialysis

procedurcs,
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Summary

Signs of circulatory congestion are éommon in chronins repal failure
but their cause has not been establishéd. The dimensiors, stroke volume and
ejection fraction of the left ventricle were measured by ultrasound in 10
patients about to start RDT. In 6 of them, the measurements were repeated
after less than 2 menths on RDT. The results were cqmpareﬁ with those from
normal subjects and from patients on RDT for more than 6 months.

The findings before and after 2 months on RDT were essenrtially the same:
end-diastolic, end-systolic and stroke volumes were increased with respeat to
normal and, despite radiographic evidence of pulmonar; venous congesiion and
pulmonary oedema, ejection fraction was normal. In contrast, ejection fraction
was reduced in 4 of the 6 patients in whom signs of circulatory congestion
were prescnt despite more than 6 months on RDT,

It is concluded that whereas left ventricalar dysfunction is rot
usually respﬁnsible for circulatory congestion before RDT or in its
early stages, impaired Qentricular performanrce shculd be suspected when

circulatory congestion is present in a patient established on RDT for scme

monthe,
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TABLE 9,6 ECHOCARDIOGRAPHIC FINDINGS - GROUP 2
End-diastolic End- systolic Stroke | Cardiac | Ejection | Posterior
Heart rate dimension volume | dimension volume | volume | eutput | fraction |wall excursion
min. cm. ml. cm. ml. ml. I/min. mm.
3 86 4.7 103 3.3 34 69 5.9 0-67 10-5
4 67 67 302 4.1 69 233 156 0-77 15-0
5 104 6+7 297 4.3 76 221 22-9 0-74 16+5
7 86 6.1 224 4.3 82 142 12:2 063 18-5
8 75 67 297 43 82 215 16-1 0:72 18-0
10 64 55 169 35 42 127 82 0+75 12:5
Mean | 80 6°1 232 4.0 64 168 13:5 0-71 15-2
SD 15 0-82 82 0-45 21 65 6°1 0-05 32
'P < 0-005 < 0-005 <0-001 | <0-001 [<0.02 <0-02 <001 <0-05
P | <0-02 >0-10 >0-10 >0-10 | >0-10 |>0-10 | >0.10 >0-10 >0-10
'P statistical significance of difference from normal group (Chap. 8)
P statistical significance of difference from pre-RDT results (Table 8)
TABLE 9,7 ECHOCARDIOGRAPHIC FINDINGS - GROUP 3
Heart rate |End-diastolic End-diastolic | End-systcli- End-systolic | Stroke Cardiac Ejection | Posterior wall
min. |dimension cm. | volume ml. | dimension cm.| volume ml.|volume ml.| output |/min.| fraction| excursion mm.
1 115 5.7 180 3-2 32 148 17:0 082 15-5
3 80 4.6 94 31 28 66 5.3 0+70 10-0
4 71 66 282 36 48 234 16-6 0-83 15-0
11 93 55 166 3-8 59 107 10-0 0-64 10-0
12 80 5.3 149 2:8 22 127 10:2 0-85 11-0
13 92 5.2 141 33 36 105 9.7 074 9-0
14 113 46 94 3-8 55 39 4.4 0-41 7:0
15 100 7-2 369 68 319 50 5.0 014 7-5
16 71 44 86 3.9 58 28 2:0 0-33 80




FIG. 2,1 PERICARDIAL EFFUSION IN PATIENTS AWAITING RDT
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FIG. 2,2 ULTRASONIC ASSESSMENT OF THE LEFT VENTRICLE

IN GROUPS 1, 2 and 3 AND IN NORMAL SUBJECTS.

A — CIRCULATORY CONGESTION PRESENT
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| TABLE 9, 8

10 PATIENTS AWAITING RDT

(Cuesta et al ., unpublished observations)

Mean BP |Total body water | Cardiac output Stroke volume
PCV % | mmHg |% of predicted I/min ‘ ml
Range 16-28 | 80-175 100 - 131 5-3 - 13-4 61 - 165
Mean 21-4 114-4 116-5 8-0 105-5
SD 4.5 26:0 97 2.9 297

FIG. 9,6

CASE 4 - AFTER 12 MONTHS ON RDT




: CHAPIER 10

A ROUTINE SFERVICE TN CARDIAC ULTRASCJIMD

A routine echocardiographic service h;s been established in the
Western Infirmary, Glasgow. The workload is shared between & cardiologist
and a radiologist. There is nursing anrd secretarial assistance but no
technicians are employed, OCn average, 5 patients are examined at each
of 2 weekly sessions, 3

A limited evaluation of the service has been attempted. Technically
satisfacter, echograms and adeguate clinical records were available in 201
patients exanired between April 1971 and August 1973: the ccntribution made
by uWltrasound to their management has been investigated,

There were 6 main reasons for referral:-

1) To assess mitral stenocsis

2) To assess mixed mitral valve disease

3) To exclide underlying mitral stenosis in patients with atral

fibrillation or unexplained cardiac decompensation

) To assess the mitral valve in dominant aortic valve disease

5) To iuvus%igate an apical systclic murmur

6) To identify & pericardial effusion

7) Ottrers

1) Mitral stenosis - 62 patients

a) 45 patients who subseguently underwent mitral valvotomy

The 37 patients discussed in Chap, 5 are included,

9 patients under my personal supervision and 5 others were not catheterised.
In selecting them for operation, the echeccardiographic findings were considered,

The remaining 31 patients were catheterised, The procedure precipitated
atrial fibrillation in 3 instances and, given that echocardiography can
differentiate adeqguitely between a valve suitable for a clesed velvotomy and cne
requirin; an open procedure (Chap. 5), cathetcrisation added little to the

echocardiographic/. ..



echocardiographic finlings. lorcover, with the exception of one case wherc

due to a measurement error, the severity of mitral stenosis was underestimsted

by ultrasound, the cathecter and echocardiographic assessmcnts of stenosis wers

in accord,

b) 9 patierts with a history of crevious mitral valvotony
These patients were referred because of increasing symptomutolozy. The’
Losymp &

mitral echoirzm demorstrated a rigid valve in 3 cases and a pliable valve wit}

a diastolic closure rate greater than 30 mm/sce. in the remeinder. I was thus

possible to conclude in each instance that further miteal valvotoay was nod
indicated, 3 patients were subseguently catheterised and the echocardiozrwphic

diagnosis cf' mild stencsiz was confirmed in each.

¢) 8 paticnts with establishel mitral st enosis and symptems distrepnriiorate to

their siins,

These patients were thoucht clinically to have a respiratory or functional
cemponent to their symptoms. In each instance the mitral echogram démonstraied

mild mitral stenosis,s Thus cardiac catheterisation which in several instances

d) 7 patients with sicns of mitral stenosis, presertins for the

The echogsram established the diagnosis in each case. On echceardiegraphic
grounds, thel esien was Jjudged to be no more than moderate in 6 instunces, in 3
of vhich no further investigation was thouzht necessary., 4 patients were

catheterised and despite uneguivceal echocardiographic evidence of tight mitral

stenesis in one case, none was referred for cperation.

2) Mixed mitral valve disease = 12 patients

In the period under review only 12 patients julzed to have mo.e than
trivial mitral regurgitation were examined and 10 had an additional haemodynanic

study, Echocardiography deaonstratel a rigid calecified valve in

(8]

ratients who
proceelel to wmitral valve replacement and a pliable valve with mild obsiruction

ir/....
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in 4 patients, ncne of whom was operated.

3) Exclusion of ritral stenosis - 27 patients

a) 3 patients with thyrotoxicosis and atrial fibrillation

The mitral echogram was normal in 2 cases, The third, who reverted to
sinus rhythm, had been citheterised and a diagnosis of significant mitral
stenosis had been made, The echecardiozram (Fig. 10,)) excluded sizpificant
mitral stenosis but demonstrated an.unsuspectei pericardial effusion which was
subsequently tapped.’ The patient was subjected to further haemodynamic

investigation which confimed the ultrasonic findings.,

b) L4 paticnts with lone atrial fibrillation

Thesc patients were judged clinically to have leone atrial fibrillaticn.
Their mitral echograms were normal and catheterisation to exclude underlying

mitral stenoszis was thus unnecessary.

¢) 3 patients with evilence sucrestive of pulmonary thrombo-embolic disease

A diagnosis of pulmorary thrombo-embolic disease was made at cardiac
catheterisation in 2 patients who had no nurmurs and who were in sinus rhythm,
Echocardiogzraphy ‘demonstrated tight stenosis of a pliable valve in one of then
(Fig. 10,%): a further haemodyhamic study which was complicated by the onset
of atrial fibrillation, confimmed the finding.

The third patient was in atrial fibrillation and no further investization

was undervaken after a normal mitral echogram had been recorded,

d) 7 patierts with chronic obstructive ailvays disease

These patients had clinical and laberatory eviderce of airways obstruction.
Despite the absence of a nmurmur, underlying mitral sterosis was suspected because
of apparently disproportionate cardiac decompensation, 4 were in sinas rhytha

The
and 3 in atrial fibrillation, Mitral echogram was normal in 6 and stenotic in

one patient. In the 3 patients subsequently catheterised, the echccardio;iraphric

findings were confirmed,

e) 4 patierts with atrial fibrillation and unexplsained cardiac decompensation

B v




2 patients were shown by echocardiography tc have mitral stenosis and
one, after haemodynamic investigation, underwent a mitral valvotomy (Fig. 5,14L)

In 2 instances the mitral echogram indicated that the valve was non-rheumatic,

f) 6 patients with atypical murmurs

.

In 5 patients including one in whom a diagneosis of mitral stenosis had
been made at cardiac catheterisation 10 years previoﬁsly, themitral echogram'
was normal and further investigation was not undertaken, Ti.e sixth putient

)
who had undergene multiple haemodynamic studies, none of which bad excluded

mitral stenosis, had a non-rheumatic echogram (Fig. 10,2): a diagnosis of

mitml regurgitation was suspected but could not be confirmed,

4) The mitral valve in dominant sortic valve disease - 5.  atients

—

See Chap. 6.

5) Apical systolic murmurs = 20 patients

a) 11 patients with suspected hypertrophic obstructive ecardiomyopathy

The clinical suspicion was confirmed by typical echogram in 2 instiances.
The diagnosis was unequivocally excluded by ultrasound in 4 paticnts bati in the
remaining 5, the;echograms proved difficult to interpret. Thus, Fig. 10,6
is from a patient with chronic reral failure and could be interpretel as showing
features of obstructive cardiomyopathy but echograms from the ssme patient cn
subsequent occasions were normal. The finding is unexplained but similar
appearances have been recorded in a nunber of patients, partic.larly when the
ultrasonic beam is directed towards the region of the posterior papillary muscle,
One patient (Fig, 105 ), whose obstruction had been relieved surgically, was

examined 5 years post operatively,

b) 9 vatients with possible sub-valvar mitml rerurcitation

In 6 instarces the mitral echogram appeared normal but it should be noted
that at the time the examinations were made the importance of attempting to

demonstrate cusp prolapse was not appreciated, Further,the relatively low

diast OliC,/o .o



diastclic clonge rates observed in these patients may simply reflect failure
to record the full amplitude of the mitral_echogram.

In 3 instarces an increased diactolic closure rate and/or diastolic
oscillation of the echogram (Chap. 7) were demonstrated and a diagnosis of
mitral regurgitation was made., TFig. 10,3 is the echcgram from a patient
who was found at operation tc have a "flcppy" mitral valve, and Fig. 8,8
is from a patient with systemic hypertension and mitral reguzgitation.of

acute onset,

6) Pericardial effusion - 12 patients

12 patients with chronic renal failure were referred because cf increasing
cardionegaly. An echocardiographic di=gnosis of pericardial effusion was made

in 6 instances,

7) Others = 7 patients

5 patients, later operated, had echocardiographic features consistent with
an atrial septal defect (Fig. 8,4 ).

4 patients were referred for examination of the tricuspid valve: the
structure was visualised in only one of these (Fiz. 10,7) ard was apparently
normal, TricuSpid echograms were 5150 recorded on occasicn in the dilated
right ventricles of rheumatic mitral valve disease (Fig. 5,41!) and atrial
septal defect (Fig. 10,8).

This analysis has demonstrated that because clinicians are often
reluctant to place reliance on echocardiographic assessment of the
rheunatic mitral valves, many patients undergo unnecessary haemodyramic
investigations, It has proved the value of echocardiography in the assessment
of the mitral valve in aortic valve disease and in their investigation of other
patients in whom mitral stenosis cannot be excluded on clinical grounds: the
high yield of "silent" mitral stenosis is impressive, It has shown thai
ultrasound is often unsatisfactory in assessment of the non-rheumatic valve
and may at times be unrcliable in the identification of hypertrophic chstructive
cardionyopathy, Since these patients were studied the ultrasoric nzcessment

of/ves
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of left ventricular function has bLeen developed: this will obviously

provide further valuable information.
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FIG. 10,1 "SILENT" MITRAL STENOSIS
W.B.

Amplitude 56mm.
DCR 233mm/sec .

FIG. 10,2 SEE TEXT FIG .

"FLOPPY' MITRAL VALVE

FIG. 10,4 SEE TEXT



_HYPERTROPHIC OBSTRUCTIVE FIG. 10,6 SEE TEXT
CARDIOMYOPATHY POST-OPERATIVE

FIG.
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FIG. 10,8 TRICUSPID ECHOGRAM IN ATRIAL SEPTAL DEFECT
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Amplitude DCR PIDV EDV B3V S -

mm., mm/ see nm/sec ml., ml. ml )
ormal 22,5 152 97 53 6 46 0.88
n = 13) 24.5 183 116 136 15 121 0.89
27.5 200 125 136 3% 103 0.76
28 156 83 ‘21 62 0.74
28 139 83 146 38 107 0.74
26.5 144 149 141 42 99 0,70
31.5 167 100 85 18 63 0.79
) 181 118 103 22 86 0.79
3 203 109 115 17 08 0.85
26 139 76 125 2% 102 0.81
28 139 42 97 0.76
33 158 147 62 9 53 0.36
' 25 93 16 77 0.83
ean 28,4 167 114 109 2% 86 0.80
SD 4.3 25 28 31 12 2% 0.07
R 21.5 290 167 422 131 291 0.69
p = 8) 24 107 250 94 156 0,62
29 190 195 3% 162 0.83
17 90 336 129 207 0.62
19.5 112 216 77 139 0.64
26.5 - 154 216 37 179 0.88
21,5 133 288 112 176 0.61
31 300 136 381 244 143 0.37
b on 21.1 248 134 288 107 182 0.66
D 9.1 82 35 84 67 40 0.16
< 0,05 =>0.10 |=-0,10 }<~0,001 [|<=0,005 <=0,001 [<=0.05
on-rheumatic 22 400 154 251 140 133 0.44
16,5 250 128 469 203 262 0.56
h = 10) 19.5 189 107 83 0.44
21.5 143 89 54 0.33

28 272 95 177 0,65
27.5 200 137 64 0.32
22.5 402 156 246 0.61
32.5 216 166 68 93 0.59

cont/...




Amvlitude DCR PIDV EDV B3V SV e
mm. mrn/sec mm/sec ml, ml, ml
fon-rheunatic 25 288 152 179 41 138 0.77 ,
R 35 500 62 184 64 120 0.65
lean 25 356, 142 246 111 135 0.54
D 5.8 113 55 108 50 72 0.14
2 = 0.10 ~ 0.01 —0,10 <<0,205 |<=0,001 }=0,10 < 0,001
1S : 29 14 54 56 15 42 0.75
n =17) 34 26 27 76 26 56 0.74
26 12 24 '+ 84 24 60 0.72
25 15 40 69 24 45 0.45
’ 28 40 24 53 14 29 0.74
| 26 T L 13 84 0.87
24 12 141 54 87 0.62
lean 27.4 19 34 82 23 59 .70
D 3.4 12 13 30 14 20 0.13
' = 0.10 = 0,001 { £0,001 |=<0,10 [=0,10 [|<0.,02 |< 0,10
DT 27 157 120 186 22 165 0.28
n = 15) 22.5 227 190 298 138 159 0.53
33.5 182 106 216 91 125 0.58
24.5 162 145 31 114 0.79
53 145 216 4% 173 0.80
32 178 103 193 52 142 0.73
28.5° 177 118 20 93 0.8%
31.5 142 178 41 135 0.79
37 232 76 204 54 150 0.74
29 211 80 145 22 123 0.85
25 183 94 55 39 0.42
25 80 166 55 112 0.67
28 75 197 35 1 162 0.82
25 236 213 369 319 50 0.14
26 209 94 145 23 122 0.84
pan 28.5 196 119 191 67 125 0.59
D 4.1 28 46 69 76 39 0.20
= 0.10 < 0,02 |=0,10 |<<0,001 [<=0,05 [==0.005 |<=0.10 |
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