FOREWORD

It grves me great plewure n wnting @ foreword to th monogr i of
Dr Shantihil J Shah [ sw lum dong  Cardire  Catheteriation ind
tabang, put m cirdiie conferences at the Montefiore Hospitil in New York
m 1954 T v much wpressed by Iius hnowledse of the teclugue and
witerpret ttions of the subject  When he 1shed me to write 1 few word
of foreword for thes book 1 have gladly done so

Time has long past when the speciitty of cirdiology conld be pra
ctised with bed side elimcal hnowledge md v working wcquamt mee with
electroc wdiigraphy  The pracedures of carde eatheterization s made
1 possible to studv the deranged physioloLy to understind the mech wism
of varons ewrdric symptoms nd the hiemodinumc buwis of efficiwey of
trextment It 1s anly by understanding the physiologie basis of exwch ind
cvery climcl fndm,, the prictice of bed sule cwrdiology ¢ rerch the
fevel of wWhances w cardige surgery

Dr Shih his twchled bere the mfonu thon to be 1 thered dun, e
die catheteriziian m wcquired Bewt dietses  After discussmg  the
techmque of citheterzion ind the vanoms normal pressures and ptterns
he oines i detuled discussion of pulmeniry wedge pressures A full dn
cusston of oxvgen studtes of the artencs and vems and ¢ wdiac output then
follows  Vasculir resistwnces wre considered md methods of estimatm.,
nuteil valie arev in stenosts wnd regurgitation recenve 1 considerttion

A stdy of hemodynnmic chinges m mitral stenosis recenes very
thorough consrderation nd forms .ood bulk of the book Pulmonin
Tnpertension m mitral stenoses s fully diseussed wd se o pulmonan
s aseulr resistance ind pulmonary wedge pressure m ths tvpe of v thulwr
leston A simibir consideration of it regurgithon follows A con
slerston of the puhiogenesss of vanous sumptoms and signs m matral
diserse 1 followed by i aceount of catheterrzaton findinis M ather
acgured heart diseases

Itk a proper ind detuled study of this monogrim would be well
worth md would rewed the ruaders By 1 thoraugh study of the baol
the rerder will get ¢ detuled understandim,, of the haemodynumes of
wegured heart dise ves ud wall be able to follow many other artielcs on
the subject I feel certun that the reidcr will hne the whantige to
mwne b cises fir mare wtelligently thin heretofare

De Shah hos doue a fine picee of work wd I wish Tum all siccess m
thas venture of his i mecheal journabun of 1« sery speesined bpe

MINOCHFR B \[ODY



PREFACE

Thrs small monogram 1s the result of my experience durng, the tenure
of my fellowship at the Montefiore Hospital New York

The work 1s designed mamly for those young Indimn phyaicis who
wish to take interest in this ever progressive field of cardiic eithetenzation
m aequired heart diseases

The volume mcludes the Circulatory haemodynamies i normals md
1ts der m some acq d heart diseases The views expressed
are those of the wthor based on the evthuation of »wulible hterature s
well s laboratory studies

To the mformed public the procedure of cardiae catheternation
w1y made widely known after the award of Nobel Prize last yer to Drs
Forssmm Cournand and Richards  To the medical students the proce
dure has been verv fasomiting and to the cirdiologists 1t Tis opened
entirely new chunnels permittmg greater degree of exictness wd certanty
of daognosis

The field of cardiac catheterization 15 new to both the old and
the voung, cardiologists  With the mtroduction of cirdiac citheteniza
tion the understanding of cwdite plnsio'ogy has advanced considerbly
The wlysts of the datv obtaned through the cardine catheter some
wquired heart disenses has thrown hght on the complex mechamsm of
the deranged cireulatory dynamies of the pwent Wit the splendid
progress m cardiic surgery m the last decade the carchologist 15 requtred
to state the diagnosis m more exict terms It 15 not enough to state that
the patient hus mitral stenosis or mutral msufficiency It 4 bsolutely
necessary to assess the degree of mutral stenosts nd/or of mutr A msufh
ciency md ilso to mention the extent to which matril dierse 1s direct]y
responsible for the patients symptoms The most relnble method of
yudgmg the degree of pulmoniry hvpertension m mitry] or wy other
disease 15 the direct measurement of the pulmoniry pressures througly
the cudiac catheter Tn certun other ncquired heart diseases Iike co:
strictrve penicarditis. mtrmsie mvocwdial disewse trcuspid valve lestons
pulmonry valve lesions ete  the dita obtuned by the rght hewt cithe
tenzaton 1s quite charictenstic although it may not be ditenostic Lesion
of the nortic valve and to some extent mitral valve necessitated the stug 1‘
v the left heart eathetenzation v

In this presentation any discussion on congemtal lieast discases by
been purposely omitted becawnse the literdte n cwdiie cathetenzation
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Peop Pre operative
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CHAPTER 1

DYNAMICS OF THE NORMAL CARDIAC CYCLE

General introduction

The events of the cardiac cycle can be best appreciated by tracing
the blood flow through the heart n 1ts normal anatomic pathway
Because there are no effective valves between the great vemns and the
atna the blood from the great vems normally flows mto each atrial
chamber without any mpediment During the ventricular systole when
the atno ventricular valves are closed this mflow of blood begms to dis
tend the auncles and the pressure in the auricles consequently rises
leading to the well known v wave of the venous recordings When the
ventricular systole 1s over the pressure m the ventncles falls below that m
the atria and the AV valves open due to the suching effect towards
the ventricnlar cavities  The blood flows rapidly into the ventnicles dunng
which the pressure m the atma falls but the flow continves through the
atna nto the ventricles

The ventnicular contraction then bwilds up pressure mto the ventrt
cular cavities very rapidly m the beginming until the semilunar valves are
opened The short peniod between the closurc of the atrio ventrienlar
valves and the openmng of sermlunar valves 15 called the 1sometrie con
traction period or the 1sometne contriction  Thus 15 followed by a bnef
penod of ventncular ejection after which the semlunar valves start
closmg  As the ventricles start relvung the serm'unar valves close com
pletely by the back pressure towards the ventricu'ar cavities  The period
of the process of the closure of the sermlunar valves 1s called the proto
diastole during which peniod the ventricles are neither in commumecation
with the aorta nor with the pulmonary artery  Then the ventricles start
relaxing rapidly with all the valves closed and this period 1s called the
peniod of 1sometnc relaxation  Soon after this there 15 a pressure gradient
between the atna and the ventricles resulting in the opening of the
AV valves and the blood rushes nto the ventricles Thit penod of
atno ventnenlar fow dunng which both the atnn and the ventndes are
in diastole occupies about 50~ of the time of the entire cycle the atrial
pressure being slightly higher than the ventricular one  Finally towards
the end of the ventricular diastole the atral systole starts and squeezes
some blood into the ventnicdles  The whole penod durng which the blood
flows from fthe atna to the ventncles 1s called the period of diastolic
flling



CARDI{( CATHETTRIZATION
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The sight Atuum contracts shghtly earlier by 0013 seconds than the
left There follaws mmmediately a short mtervad of ©916 seconds between
the end of atrial systole and the begmning of the ventricultr systole  The
snal mfow dunng the entire cyele 15 cont nwous

Thus the carduac cycle 15 divided mio the following phases —
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{With the heart rate of 72 per minute onc cardiac cycle 15 0 8 seconds)
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PHASES OF THE CARDIAC CXCLE IN THF VENTRICIFS
Esometric contraction

Following the atrial systole the ventricles are maumal'y filled with
blood With the onset of the ventricular systole when the pressure m the
ventticles exceed that m the atna the AV valves close The
ventricle 1s a closed chamber and because the contraction of the ventncular
musculature on the relatnely mcompress ble volume of bood 1s not
associted with an appreciable shortemng of the fibres this 1s called the
phase of isometric contraction It consists of an mihal slower mse of
pressure until the AV valves have closed and a later phase of rapid
bwlding up of pressure until the aortic or pulmoniry artery pressure 1s
exceeded and the semlunar valves open to begin the period of ejection

The beginmm,, of the 1sometric contraction comaudes m time with the
beginnung of the first heart sound which fol'ows the Q wave of the
E C G by 006 seconds The end of the 1sometric contraction comaides
n tme with the apex of the ¢ wave of the atnal tracing
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Ejection period

Durmg the euly phase of the ejection the penipheral resistance $
less and the artenal tree 1s relatively less full A great portion of the total
strohe output therefore 1s ejected durmg this phise  As the rate of
ejection from thus powt 15 much faster than the rate at which the Dlood 15
pushed mto the venous system v1r the systemic cipillines the pressure
nise m the aort1 s relitnely raprd  This 15 the phase of rapid ejection
After this s the sprce capraty of the arteral system 15 dmmshing the
ventnicle has to mect with greater resistance and therefore less volume of

bload 1s pushed out per umit of time thus graduall dimmishing the rate
of ejection

This 15 followed by an mncrease n the speed of shunting the blood
from the artenal to the venous system which leads to a situation n the
aortr when more blood flows 1wy from the 1orta to its branches than
15 recerved from the ventnicle In the late phase of ejection therefore
the pressure falls slightly mn the ventnicle ind the artenal svstem

Proto diastolic period

After the period of slow cjection begins as the pressure m the
ventricles drops below that in the nort1 1nd the pulmonary artery the
semilunar valves close producing the second heart sound The durition of
meisura on the aortic traeing  following ventriculir systole forms the
proto drastolic peniod  Thus proto drastole 1s 2 part of ventricular diastole
when the pressures m the nort1 and the ventnicles are falling before the
aortic valves are closed During the proto diastole the blood presumably
does not flow in either direction Proto ditstole probably represents the
duration of the process of the closure of the semilun1r valves

Isometrre relaxation

Once the semuluntr vales close the ventricles 1re 1gam closed
cavities and the phase of 1sometric relixation begms  Without sigmficant
change in the ventricular volume the pressure contmues to fall untd it
15 below the atnial pressure and the atrio ventriculir valves open  Now the
atria nd the ventricles are 1gain common chambers 1e  the blood rushes
mto the ventnicles wnd the atnal v wave descends

The period between the closure of the senmulumar valves and the
openmg of the atrio ventricular valves represents the 1sometnc relaxation
Dunpg this period 2 partial vacuum hike effect 1s cretted within the
ventricular chambers At the end of the penod the pressure in the atnn
1s lugh because of the blood accumulated m them duning the periods of

1sometnie contraction ventricular systole proto diastole and the 1sometric
relaxation
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The end of the 1sometric reltxation svnchromses with the pewk of
v wave of the atnal tracmng  In cases of mutral stenosis Opemng snap
of the mitral vilve also synchronises with the end of the left ventricular
1sometnic relaxation

Diastobie fillmg period

With the openmg of the atrio ventriculu valves the drastolic pressue
m the atria (y descent or the downward deflcetion of the v wne) and
the ventricles fall together This 1s the phase of the rapid filling of the
ventnicles The b'ood under pressure mn the distended atrma rushes m to
provide 60 to 80 of the end diastolic volume of the relixed ventricles
The flow during this period depends upon the durttion of the diastole
the atiio ventricular pressure gradient the arel of the atrio ventneular
valves and the distensibility of the ventnicular myocardwm In the
succeeding pericd the phase of slow filling or diastasis ventricular diastohe
pressure may rise one of two mm of Hg depending upon the ventriculw
resistance to its diastohic fillmg At the end of the dinstisis atnal systole
forces blood mto the ventncles to complcte the fillng before 1sometrc
contriction begins  Ordmanly the atrmal systole contributes only 10 to
20” of the tota) diastolic flow but with tachycardia which mterferes with
the early phase of ripid filling it becomes of greater significance

Raprd heart rate usually reduces the diastohe fi'ling period and this
reduction 15 at the expense of the perod of disstisis which serves
ordinrly as a perod of reserve

PHASLS OI THE CARDIAC CYCLE IN THL ATRIA

Atnal svstole

After the ventnicular diastisis a wave of contrichion begmmng m the
sinus node spreds over the atrial musculture until 4l of the atrinl fibres
are 10 a state of contraction This 15 called the dynamic phase of the atrial
systole during which much of the atnal blood pumpme 15 accomplished
This sequence resu'ts 1 the a wue of the atnal svstole which has a
slowly nsing ascending lmb  reflecting contraction of an increasing
number of fbers The symmetrical descendmg limb of the 1« wave
(X descent) reflects the adynamic relaxation phase of the atrial systole
durimg which contracted atnal fibers relax m 4 progressive sequence of
Furst to start first to fimsh  Thus the slope of the ascending imb of a
wave 1s similar to that of the descending limb

Normally the atral 1 wave begms at the peak of P’ wave of the
E C G and falls entirely within the PR mterval of the E C G The
peak of a wave precedes the onset of the first heart sound
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High'y magmfied nght atrinl achwity (gant a wave) 15 necessary 18
order to meet with the mereased night ventncular diastolic resistance in
pure pulmonary stenosis or pulmonary hypertenston of varying etiology
Well marked a wave 1s present i pulmonary artennl wedge or the Jeft
atnal pressure tracing n cases of long standing mtral stenoss

Atnl diastole

With the onsct of the ventriculir contraction the nse of pressure
closes the 1trio ventricular valves and the ventrrcular 1sometric contraction
begins  As the pressure nises m the rlosed ventricw’ar cavity the leaflets
of the 1tno ventriculwr valves e under tension and the bulging of the
cusps Into the atria produces the shup ¢ wave of the atrial pressure
curve Although the ¢ wuve 1s generally promment m the pulmonn
arter al wedge tracing or the direct left atral tricings m cases of mitral
stenosis due to the forceful closure of the mitral valve 1t may be inconspt
cuous i the nght atrial tracing becwse of the gentle closure of the
trcusprd  valve  With the opeming of the sem: unar valves ventrncular
flow begms the tension on the atrio ventricular valves 1s reduced nd the
latter regain ther onginal position  Thus the ¢ wave falls It 1s hikeh
that the simultaneous production of negative pressure mn the thoracic
cavity by ejection of the stroke volume mav be a contributory factor to the
downward deflection of ¢ wave

With the reduction of the pressure n the atrit theie ss a ripid nflow
of venous blood s'owly raising the pressure At the point when the blaod
volume m the atna s maxmum the  ventr cles are 1sometrically relaxed
This corresponds with the height of v wave At the end of isometnie
ventricu ar relixation the atrio ventricular pressure gradient opens the
atrio ventricular valses nnd the blood rushes from the atria to the ventr cles
resulting m the downward deflection of the v wave (y descent) Following
the deflection of the v we 1s the beginning of the period of diastasis
of the ventricles when both the atnn and the ventrcles are mn a relxed
state  The peak of v wave 15 not higher than that of 1 wave m normal
individuals

A tall v wave i the night tnal traang 1s charectenstic of tricusp d
msufficiency and that 1 the left atrial tracing or pulmonary artenal wedge
tracing 1s charactenstic of mutral msufficency The gradual fall of the
downward deflection of v wave 1n the nght atnal tracing 15 suggestive of
tncuspid stenosis and that in the left atual tracing 15 suggestive of mtral
stenosis



CHAPTER 1II
RICHT HEART CATHETERIZATION

¢

Types of catheters

The cath are d from radio opaque nylon
maten] 1 standard sizes varying from the smallest No 4 to the largest
No 10 The smallest his 1n mternal dameter of 05 mm and an external
diameter of 13 mm while the largest has an mternal dumeter of 18 mm
wd an external diuneter of 32 mm No 4 size ¢ be used for
mfants and No 10 size for persons with very big vemns  Most common y
used sizes are No 6 7 and 8 The catheters are ordmanly 100 em
long but extra long catheters of 125 cm are also valable Double lumen
catheters have two openings at the ¢ardiic end namely a proumal and
2 distal one  The outside end also has two open ngs fitted with Luer lok
The cardiac end 1s bent by means of 1 stylet to facilitate manouvering
mside the cardizc chambers The catheters are somewhat suff but the
plability 1s such that it ean form a Toop

11 f.

The clewnng of the catheters 15 very mmportnt  Proper care on the
part of the nurse who washes the catheters after the procedure 15 over
can avoid many pvrogen reactions and hence the faitures of the procedures
or the dangers to the pitient The method for ¢ eanmg and stenlization
will depend upon the type of the catheter Such wstructions are usually
supphied by the manufacturers  Stenlization may be advied by hot
formalm vapour or wtoclave Just before msertion the eatheter should
be flushed with normal salme

Preparation of the patient

All the patients wath chimeil evidence of congestive heart falure
should receive mtensive therapy to dry them up to an optmum level
The patient has a hght dinner on previous evening and a hght sedative
hke barbiturate 1 to 2 grs 1t bed tme Next morming half an houy
before the procedure the patient 1s given morphia 1/4 to 1/6 gr or petht
dine 50 to 100 mgm along with scopolamme 1/100 to 1/200 gr

Anaesthesia

In adults with acquued heart disease hght sedation 1s enough to heep
them bl steady 14 gcally However i case of younger and
unco op! hal. anaesthes1ia® or parenteral barby

turate or pentothal can be used
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Techmque

The pattent lies m supine position on a radio lucent mattress on the
A ray table The nght arm 1s extended to about 90 restmg on side
table with 1 lend shie'd  After 1 effectne Joedl anqesthesia wath 17
procame venesection 1s performed on the right median cubstal or Pasike
vemn  The catheter size must be selected to fit the vem 57 glucose
solutron with hepann (2000 to 5000 units per liter) 15 dripping through
the citheter during the entire procedure at the rate of about 15 to 30
drops per nunute m  order to prevent wy clottmg mside the ertheter
Under fluoroscopy when the tip 1s judged to be at the required spot the
catheter 15 connected through 1 two way stopcock to the recording
manometer via a statham gauge pressure transducer the whole system
heing completely free from 10y air bubble  The difficulty that may anse n
entering, the superior vena cwva rght ventricle or pulmonary artery ecan
be overcome by rotating the catheter clochwise or ntt clockwise and by
sentle pushing dunng the vanous phases of respiration  The pressure
tracings are recorded at varous plices and b'ood samples we drawn
wherever necessary  If the venous spism causes any difficulty ot 1s
adwisable to lubnicate the surfice of the catheter outside the ven with
hepirnized solution especially before any further advance

Figure 2

Schematic diagram showing the set up duning the procecure of cwrdiac catheterzaty n
DLC  Double Lumen Catheter
D E Distal End

P E  Proumal knd

S €  Twowav Sop Cock

P T  Sttham gage Presure Transducer levelled at zcro seference po nt
HS Heparinuzed “glucose solutien runnimg through the catheter

3 \s‘ Thotographic Electro manometer

M

Montonng Osailloscopic Screen
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Pressure recording system

The pressure recording system consists of pressure transducers and a
recording manometer At most laboritories the pressure transducers
used 1re statham gwge Dunng the procedure these transducers are
levelled to 1 zero reference pomnt In the present series the zero pomt
wis tiken to be the junction of the ntenor 2/3rd and postenor 1/3rd
of the wtero posterior diimeter of the chest with the patient mn supme
position  Some Ithoratones take zero pomnt as 10 cms higher from the
strface of the bed \Wood  refers to the sternal angle s the zero pomt
his works

Three different tvpes of the recording manometers are avalable —

1  Dircet wnting multi channel recorders (Swborn) are used m
many laboratones Il over the world 1nd are considered sitisfac
tory for routine diagnostic work

[}

Photographic electrome recorders { Electromics for \ledicme a1
Atl1s’) are more sensitive and perhaps more accurate 1s desired
for resewrch purposes

3 Jet type electro mwometers (Elemn) where the stylus deposits
a thin jet of special ink on the paper e relaively new m the field
but the sensitivity clumed 15 close to that of the photographic
tvpe

Cathode ray monitor (O cillescope) 1s a very usetul device to enable
the triemncs to be watched on the screen contmually

Drawing the blood samples

The blood samples for owgen malysis can be druwn through the
catheter from various plices in the venous arculat on or the pulmonary
arculation  However m evaluiting rcquired heart disease 1t 1s generilh
not necessary to draw many samples unless one wnts to exclude the con
gemital heart lesion at the same time  For the purpose of caleulating the
cardiac output pulmonary artery blood 1s used as 1 m xed venous blood
The blood samples are driwn m hepinmzed syringes and sealed with
mercury  Artenal samples are obtuned by direct puncture of any of the
accessible artenes using Cournands arterinl needle

Compl and their p b

1 Cardiac arrhythmias —
a  Extra systoles—

Premature auncular or ventricular contractions are quite
frequent particularly when the tip 15 1n the outflow tract of
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the nght ventricle The operator need not be worned about
1t as they disappear by themselves when the catheter tip 15
removed from the imtating postion

b Bursts of supr venticular tachycardia—

This occurs rarely and may 'ead to shock or pulmonary
oedemn when prompt trentment 1s absolutely necessary

«  Bursts of ventricular tachycardia—

These "re extremely rare nd did not happen m any of the
patients m the present series  If thev do occur immedinte
treatment 1s required

4 Right hundle brancdh block—

This 15 occasionnlly seen m congenmnl heart disease but 1
rarely seen m an equired ones

Anmesthetic depression and shock fter hewy sedation—
This 15 not uncommon if the sedation 15 very hewvy How
ever with light sedition it 15 rire  Treatment of shock
otygen etc should be immediately instituted

Lite post operatine fall m blood pressure and respiritory depres
sion

Carcful watching of the pitient 1s important until the patient
1 fuly awake This could be mussed when the cardiac
cntheterization 15 performed wathont separate staff for 1t

Penpheral emboh—

Blood clot or air emboli may occur of adequate care 1s not
exercised by the operator  In cases of tssociated septal de
fects the emboll may reach the cercbral or the coronary
arteries  Thrombo embalism can be avoided by contimuous
dnp of hepanmized glucose solution through the catheter

Pyrogen reaction—

Pyrogens hberated from the improperly cleaned catheters
we mare likely to occur when the procedure 1s continued too
long  Hacmodynamics were considerably altered n one

patient 10 the present senes while in the middle of the
nigors
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Contra indications

The herts with coronary msuffictency recent or old mvocardial
farcts and subrcute bactenal endocarditis should form absolute contra
wndicabions for the cardize catheterization  Reported mortahtv rate n
Ebstemns disease has been very high®

Mortahty rate

Cournand et al* reported 017 mortality n 5691 cases cathetenized
while Zimdahl * reported an mcidence of 027 1 1000 cases The morta
Iity rate 15 lugher 1 severe'y cyanosed children but in adults the mortality
15 even lower than reported We had no mortality in the present seres
with the acquired heart diseases
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CHAPTER 111

LEFT HCART CATHETERIZATION

The techmque of the left heart cathetenzation 1s not as much free
of nisk as that of the night heart catheterization

There are several approiches attempted to rench the left side of the
heart each one carrying its own nsk

1 Needle 1pprorch

a

b

¢

o

3

A straight needle 1s pisscd mto the left ventricle from the
apex beat region’

Trans bronchial left 1triography consists of puncturmg the
left atrium through the left bronchus near the cannt with
a 18 guge needle 6 cms long attached to a metal
tube ntroduced through 1 bronchoscope®® We have
had considerablc  experience with this method The
procedure of tracing the left atrial haemodynamics through
the bronchoscomic necdle 15 relatnely simple and harmless

From the suprtstermil fossn a needle 15 inserted mto the
left atrum®

2 Catheter approach

A small polyvinl catheter 1s mtroduced through brachal
or carotid artery and passed towards the aorta and the left
ventricle®  About 1 cc of the radio opague matenal may

be njected through 1t m order to visualize the tip of the
catheter

A polycthelene catheter 1s troduced through a 20 cms
lon,, necdle with 1 mm bore nserted directly mto the left
atnum from the postenor thoracie wail 2 * ¢ The catheter

then ¢ be mampulated so that it enters the left ventricle
through the mitral vahve

A catheter 15 passed through the trans bronchial needle (as

mentioned above m 1 b) mto the Teft twncle and left
sentricle
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d A catheter can be mtroduced through a needle nserted from
the supra stemal foss: nto the left aunc'e and pushing 1t
m the direction of the blood stream until the pressure trac
mgs revea] that the catheter tip 15 at the desired place m the
left heart

Indications for left heart cathetenzation

NManly the usefulness of left heart cathetenzation hes in the diagnosis
of the double mutral and -ortic vilve lesions

v Matrd lesions  The mcreasmng need to determine the
predommance of the mutral stenosis over the mtral msuffict
ency before the patient 1s submitted to the surgery 1s bemg
appreciated more and more these davs Recent methods of
approaching, the left heart are considered more useful and
relinble  On the basis of our experience of the trans bronchial
left atnogrwhy it 1s felt that a regurgitant jet will at lenst
be reflected 1n the left atna! tracing

b Aortic lesions  The degree of aortic lesion 15 better judged
bv simultweous tracing in the left ventricle wnd the aorty
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CHAPTER 1V
NORMAL PRESSURES AND PRESSURE PATTERNS

w0 1ressure traang 1n
f\ \ Peripheral artery
00
12
Central artery
o0
120
Lett Ventricle
o
1)
[J"\/‘-’ eft atnum
oo
151
w[M Pulmonary artenal W edge.
20
Putmonary arterv
o
%
[ ' \ Right Ventncle
o
> ®
EM iht ateum
w
J\A/\. ECG

Figure 3
T urc showng the pressure traang at sanou
places imultancously with the E C G
{Drawn theoreticallvy
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Mean pressure

Mean pressure in a particular chamber of the heart 15 the pressure
which would have been mamntamned constantly during the entre cardiac
cycle were the pressure not to fluctuate during systole and diastole
Mean pressure 15 arrived at after considering not only the heights of
systolic and diastolic pressures but also the ttme duration of systole and
diastole Thus 1t 1s not the md pont between the systolic and drastolic
pressures as may be commonly supnosed

How the mean pressure 1s arnved at

Before the days of electro manoneter a method of mechanical mte
gration of the pressure tracing taken on a graph paper was used The
presentation of the details of this mechanical mtegration 1s out of scope
of the present work With the labihty of electro the
mean pressure 15 obtaned by electronic integration

Systolic and distolic pressure

Systolic pressure 1n the ventricles or arteries 15 the maumum height
of pressure during each cardiac cycle Diastohc pressure 1s the level of
pressure at the base line of the tracing

Curves of the atnal pattern

The tracngs of the venous pattern as descnibed previously are
obtuned only along the venous side close to the heart and fade way
further from the heart because the amplitude of phasie variition becomes
too small to be recorded due to the damping

The atnal pattern 15 obtamed at the following places —
1 Supenor vena cava near the right auricle and to a large extent
mn the carotd and jugular vems
1 Inferior vena cavi near to the nght auricle and to some extent
m the hepatic and the renl vems and beyond
m  Throughout the normal nght atnium
v Pulmonary artenal wedge
v Pulmonary vems
w1 Throughout the left atrium

Cyclic phases of the atnal tracing

Thus has been considered partly m the discussion of the normal cardiac
cycle
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£, 'y
Descamt Dascent
Iigure 4
Figure showing the cyclic phaset
“;g the nghtg zm;e' eycle @
P g P cardiogran
a's

The a and 1 waves represent two phases of the atrl systole The
ascending hmb of the ¢ wave 1s ltaneous with the contrac
ton of the yventricular systole  The peak of the ¢ wne comades ip time
with the openng of the semilunar valies with the mdpomt of the first
heart sound m the phonocardiogram and follows the g wave of the ECG
by 004 to 008 seconds

Unfortunately the a nd e wives are not always dishnguishable

ly with the din, when they are supenmposed and may

appenr to be forming one single wive  The compleaty of al) vaneties of

waves produced n abmormal atnal patterns has not been yet evactly

undusstood but 2 wave would be affected by the atrial musculature and

¢ wane wonld be disturbed by the elasticity of  atrio ventneular vilve

cusps  The descending slope of the ¢ wave 15 called the x descent of the
atril pressure cune

Most interesting as a single factor 1s 1 preduction of the v wave The
v wave stirting dunng the sometnie relaxation of the ventneular diastole
15 the result of the greiter and more rapid mflow of blood nto the atma
than tts outflow mto the ventrnictes  Thus the height of v wave can md:
cate the positne bdance of the amount of blood m atnn durmg the
wemetnc refasation phase of the ventricular diastole  If there 1s any other
source of blood entry into the atri1 previous to the 1sometrnie reltxation 1e
duting ventrieulir systole i mitral insufficiency the amount of blood m
the atna durng ewh ventneular distole would be greater wnd the

w e would be lugher  (This pomnt his been discussed later sn the conss
deration of the mitral disease)

The rasge of pressure 1 the na 1 normally considered to be
svstolic {10 & mms Hg diastolic O to 4 mms Hg and the metn 2 to 6
mms Hg  Tiking the 1t as o level as mentioned presiously)

Left wnd Taght atnal patterns

The nght atrl pressure tracimg was routmely recorded n all the
cases studied by cardiac cathetenzaition  We hive -lso recorded left
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atnal tracing m well over 60 cases either by direct puncture at the surgery

or through the bronchoscopic needle Although both atmal tracings

normally are grossly sumlar the v wave in left atrium 1s taller has a
. sharper peak and falls hitle later than that m the nght atrum

CURVFS OF THE VENTRICULAR PATTERN

The general pattern of the left and the nght ventnculwr curves ae
qualitatively similar  There are small changes observed mn the ventricle
m different mdividuals or even at different plices n the same ventricle

; and during different phases of respiration

: |
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Figure 5
~ Pressure tracings record at duferent places m the nght ventncular a ny  n different
ind widuals showing munOT \ariawon 1n the pattern
Each sertical Ine is 0 seconds apart

5 shows four different tynes of the nght ventncular pressure
amed at different places m the nght ventncular cavity 1
uals dunng the present study Almost Il of the nght
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digure 4

Frgure showing the cyelte phasey
ofg the night atmal cyde ©
cardiogram

Qs

The a and 1 waves represent two phascs of the atral systole The
ascendmg limb of the ¢ wave 1s stmultaneous with the 1sometric contrac
tion of the ventricular systole The peak of the ¢ wave comeides 1n t?
with the opening of the semilunir valves with the midpomt of the firs
heart sound m the phonocardiogram nd follows the q wave of the E [of
by 004 to 008 seconds

Unfortunately the a wd ¢ wives are not alw ys distinguishabl
particululy with the tichycardin when they are supermmposed and m*
apper to be forming one single wwe The complexity of all vaneties ¢
waves produced n abnormal atral patterns has not been yet exact
understood but a wave would be affected by the atrial musculature an
c wwe would be disturbed by the elasheity of atrio ventricular vah
cusps  The descending slope of the ¢ wave 1s called the x descent of th
atrl pressure curve

Most interesting as a single factor 1s 1 produchion of the v wave Th
v wave starting during the 1sometric relavation of the ventacular diastol
15 the result of the greater and more rapid mflow of blood mto the atr
than its outflow mto the ventricles Thus the height of v wave can mnd
cute the positne balance of the amount of blood 1n atna durng th
1sometric relaxation phase of the ventncular dinstole  If there 1s any oth
source of blood entry mto the atri1 previous to the 1sometuc reltxation 1
dunng ventriculir systole i mitrl msufficiency the amount of blood
the atra durmg ewly ventncular diwstole would be greater and the
wave would be ligher (This point has been discussed later 1n the cons
deration of the mutral disese}

The range of pressure m the atria 15 normally considered to b
systolic 4 to 8 mms Hg diastolic O to 4 mms Hg and the memn 210
mms Hg Tahmg the 1tna 25 o level as mentioned previously)

Left and Right atnal patterns

The right atral pressure tracing was routnely recorded i afl th
cases studied by cardiac cutheterization We have nlso recorded ef
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, (centril asteries This 1s probably because the distensiblity of the pulmo
miry artery 15 more than central svstemuc arterics
The pattern consists of

N & schiat arieny

r
v '\ ¥ \
3

™ Fulmonary artery

UL

Figue b

Sumulianeons pressure seerdiogs 1 the brachial artery amt the polweary a tery
alongi1th the Elcrten cardio 1am
¥ach vestical {ne s o 7 seconds apart

, + Ascending §mb ut Dierotic notch
2 Pre dicwonc descend ng 1 b n Post dicrot ¢ descending it

v 1 Ascencing hmb
u  Pre dicrotic descending hmb

m  Dicrotic notch

n Post dierotie descendmg, hmb

The normil values tiken at thus laboratory are systolic 23 to 25mms
Hg  drastolic 8 to 10 mms Hg and the mean of I3 to 15 mms Hg* *
‘The mean pressures above 18 mm Hg are considered 1s pathologrenl

ARTERIAl PRESSURE TRACINCS

The catheterization of the left ventricle and the utenal system has
more clearly shown the sequence of events accunng w the centra) artenal
system 1 relation to the left ventnele ¢ The normat artenal cunve has
+ progressne shift in pattem from the torbic vahe to the penpheral
arteries This can be obsenved m the tracings by the retrograde passage
of the eatheter up the arterml tree to the aortic arch The cardie
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cithetenzation of the aorta through the left side of the heart and sy
neous tracing by a needle puncture of an accessible artery such as brath
radial or femoral cn also demonstrate a chinge wn the pressure pater
towards the periphery  The mcretsing probability of the surgucal correcit
of the 1ortic vale lesions has araused great enthusiasm among the physe
legists wd the cardinc surgeons to understaind the physwology of &
working of the aortic valve It 1s therefore important to consider il
the arternil tricings 1t all the levels m the artenal tree

Peripheral artenal trcing

The peripheril arterinl wave hins been conventionally desenbed 2
hving an ascending and 1 descending hmb with 4 dicrotic potch and

dicrotic wave
34
\*\ R \\

Brachial artery

b »-JJL\-_ 117 Ecc

fgue ,
Stmudtaneots biichial ar ¢ty naang and the E G €
1 Ascenden,, limb 3 Dicrotic notch
2 Iredirotic «gment § Post dicrotic segment

Each vertical hne 1 o seconds apart

The ascending imb

The slope of the ascending hmb w1'l depend upon an mtegration
the several factors
1 Rate of ejection of blood from the left ventricle
Rate of ejection=Stroke output/Systolic ejection period

Thus the rite of slope vartes directly 1s the stroke output an
mversely as the hme of the systolic ejection
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2 Ehstiesty of the astersal walls
In the artenosclerotic vessels parttal nigudity of the walls pro
Tongs the systolic ejection persod and hence the ascending hmb
will be prolonged

3 Penpheral resistance

When the peripheral resistence 15 Jow the upstroke will be steep
because of the rapid ejection agunst low resistwce and the
amphitude will be large

The descendmg hmb

The descending limb has a pre dicrotic and 1 post dieratic
segment The pre dierolic segment represents mamnly the slow
ejection phase of the venineular systole and the decent dunng
this pertod 15 qute sharp  The post dicrotie  part represents
the begmmng of the ventnculir distole and the fill to the
penpheral diastolie level 15 more slow and gridunl

The dicrohe notch 1s 4 smal} neteh in the descending limb of the
artenal curve the downstrohe of which 18 formed by the closure
of aortic leaflets  The sequence of esents fewhng to the closwre
w1 as follows  As the ventricle starts relaxmg eddie currents
beyand the aortic valve appose the cusps At the same time the
elastic aortic musculiture compresses the colurm of bload fore
mg it b directtomily  The column af b ood moving backward
to the aoruc valve forces the lenflets down towards the ventneular
cwity  This sudden descending movement of the aortic cusps
supporting a column of blood produces the negitne deflection
that ss transmutted to the periphery and s seen 15 the dicrotic
notch  This pertod of formation of the dicrotee notch 15 ealled
the proto distolic penod  Instantanecusty fter this the aorhic
cusps are suddenly released nd party because of thewr inherent
clashesty and parth becawse of the relesse of pressure by the
blood column +bruptly attun ther ongnal postion  The
resultant rebound of the blood column sets up 3 short mse
pressure 1 the aorta seen as a small postne rebound wme
which s frinsmitted towards the penphery as 3 positne dicrotie
wue which blends mto the post dictrotic segment of the cune

Central sortie tracing
The essential features of the aortic pressure pulce newr the tortie
valve are three contouts —

1 Ascending himb
1 Rounded contour at the summt
m  Descending bmb durmg distole
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[ Figure 8
Schemaue  diagram  showin
the general contour of the

central aertic traang
w s Ascendine humb
i Rounded contour at it

w Descending  himb - dunng
duastole
The ¢hirictonstics of this pulse e preserved m trnsmission to the
mnomm tte Jower carotrd and the subcliwian artertes  As the pulse 1
transmutted peripherally however the central characteristics we altered
becuse of the elastiaity of the walls dampmng ete

The fundamenta] configuration of the aortic tricing mav also be
nffected by several other smaller vibrations cxternal umpacts and reflec
tions  These can be positive or negrine waves and what 1s recorded 1

the a'gebraie sum of A1l these Mmor changes fade awn as they trwvel
along the vessels

Axterinl pulse wave veloaty

It 15 quite mportant to have 1 clear conception of the central arterral
pulse nd its transmission towards the periphery It has been estumated
that the veloaity of the blood from the aorta to the arteries of the arm
or of the Jegs 1s approxmmtely 01 to 05 meters per second  But the rate
of pressure wave trusmission 1s J0 to 15 times faster than the blood flow
becwuse pressure transmission 15 effected from molecule to molecule
without actual foreward movement of the mdividual molecules of the
blood  As the age advances and as the artenes become sclerotic and lose
clasticity the speed of the wave transmission becomes faster® '
Vanous waerkers have esumated the speed of the pulse wave Bramwell
(1922) estrmated 1t to be 52 meters per second at the age of 5 years and
56 meters per second at the age of 84 years Schnahel et ol found the time
interval from the Q wuve of the E C G to the onset of the brachial and
femoral arterisl pulse wave averaged 0167 and 0211 seconds sespectively
As estimated separately by Schnabel et al the speed of the pu'se wave
was 5 meters per second 1 the aorta wnd 8 meters per second n the
brachial 1nd the 1hac artenes

The pulse wave velocity findings 1n relaion to age were estumared
by Hallock as follows —

Mid chiighood 22 years age 65 yewrs age

Meters/second Meters/second Meters/second
Aorta 41 52 105
Brachio radial

arterv 51 83 96
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Vanous other workers have descnbed methods for recordmg the
artenal pressure pulse and pulse wave veloaty' 2 ** The time mterval
taken by an arteril wave to travel from the aortic vahe to the peripheral
wtertes can be caleulated as follows —

Time 1nterval Isometnic Iime lag Tune lag in
between the contraction between mechamcat
onset of Q penod of dlectrical and transm s 100
vave of ECG left ventric plus Jmechan cal through the
and the 1wt fmnusile asumed systole varyne , phus { catheter o 10
uon of the o be the ase setueen o0 of second at
artenal pul ¢ rage of ¢ o, o 010 secand 37 C Cour
i penpheral secondt nand et at
antery ¢

A time mterval calculated as 1bove miturallv represents the time m
terval taken by the pulse wive to travel from the aorta just at the aortic
valve towards the pomt on the peripheril artery under record

Sunultaneously recorded pressure tracings m the pulmonarv artery
brachial artery and the femoral artery along with the B C G are shown
below 1n 2 case of pulmonary hypertension

p\L SP§) N
j'\r\‘f\\j\\\/\'\/\\h Brachal artery

Pulmonary artery

ABLEL

Figure 9

R

P essure trac ngs vecorded sumultancously in the femoral arery brachial artery and
pulmonary artery alon wih the E C G 1n a case of pulmonary bypertens on
Each verucal dne 1s 02 second apart

In the above figure the time mterval between the Q wave of the
E C G and the mitiation of the brachial artery pulse 1s approumately
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023 seconds <nd the time interva) for the femoral artery 1s 027 seconds
The caleulated approumate speed of the pulse wave in the aorto brachl
system therefore 1s 688 meters per second and that n the aorto femoral
system 1s 10 58 meters per second The length of the 1orto brachal system
roughly 1s 53 ems and the torto femoral system 15 93 cms

Given below are the figures of the time tiken by the puse wawve as
caleulated from the dita obtamed by vanous workers —
—_—

Tune mteryal | Time interval
taken by the | n artenal

! i
i
'

Reference Site
pulse wave in | diseases
normals

Katzetal™ ! Subclwian | tmmeasuribly

1935 t artery i smal

Wolferth '* Carotid Immeasurably

1935 artery small

3
Coblentz B Brachinl 602 to 004 G(2t0 003
et 1l° artery seconds secends

In hypotension nd v 150 di watien due to my cause the pulse warve
veloaity becomes much smaller and n hypertension perhaps the specd
becomes much faster *

Changing contour towards the periphery

The dimensions of the wtenal pulse vary mcreasmgly towards te
periphery  Several complex physical phenoment* gomng on 1t the same
time change the contour entirely by the bme 1t reiches the periphery  To
and fro movements of the coloumn of blood near the aorticy 1he propulsive
dnving of the blood by the muscular wternl wall ete are maunly respon
sib'e for the changmng contour

Aorto femoral system

A series of tracings are shown m the figurc 10 1s one goes w1y from
the aortic arch towards the bifurcation of the external iline artery

The following changes should be noted i the 10rto femoral system —
1 Progressive delay in the imtiation of pressure
1 Alterition mn form
m  Rise of systolic peak
v Menn svstolic pressure remuning the same
v All peaks fall nearly at the same time
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Vorio femoral system

148
110
100
80 140
01 (23 TE T4 g,
Control
100
140
0]
120 CE3

100 2301 a W fiemat wch
14
(34
T4 120
10 cm awav fmm the mn
10
140
120
o1 02 L) 04
160 sem a1 omaih oard
80
01 [X3 o4
1 cm away from the arch
1490
120
100
Tenorat anely noth nu al 1 oon
80|

01 0% 0% 04
o cm avay from the arch
Tige e 1
(Adipted from Hamilton and Doy Am J Pivio 12 4% 193))
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There 15 a propulsive moyvement of fd 1 the tube system and there
fore, one part accomodates a coloumn of blood which a moment later 18
accomodated by the subsequent one This when visualized 1n a continuous
strexm wall show acceleration and deceleration alternately During sysmhc‘
ejection therefore the prouumal and the distal ends of the aorto femorn]
system accommodate alternately each At the expense of the other an excess
of blood  As can be easily seen from the curves comparatively more blood
is 1ecomodated At 4 lngher aortic system durmg the first hlf of ejection
and lower aortic svstem during the Itter half of ejection

It 15 interesting to denve from the curves that the energy 1s nexther
gamed nor lost as the arer covered by the systolic ejection curve 1s alwys
the same and hence the mean systohc pressures are the same **

Aorto ridinl system
Aorto radial system

1
\J\\ e n
1 %2 — dutclavian g — Carotd
-
\/\\ 4 — Upper carond , — Brach 4l

6 — Radwl
{\Wiggers Pressure  Pulses n  the
Cardio vascular  system Longmen
Creen & Co) (17)

6

In the aorto radial system as one goes awav from the subclavian artery
towards the periphery the aortic contour 15 altered increasingly The ascend
g hmb becomes more wnd more steep The anacrotic halt of the norm1l
aort ¢ pulse fades as 1t progresses down from the subclavian It can be
seen that by the time the pulse wave comes to the radi] artery the pre
limmnry vibrations produeing anacrotic bwnd may have disappeared
Measurements of vanous phases of the cardiac cvele
There re severil ways of measuring the period of systale nd dis

tole —

1 Phono curdiography  The distance between the begmming of

the Ist wnd 2nd sound cin give fanly exact tume of duration of
systole
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2 Pulse trvoing of the penipheral artery The distance between

the beginning of the pulse and the dicrotic notch measures the

systolic ejection period The nght ventricular and the pulmonary

artery treemng may also be used to measure the systolic ejection
period

3  Electro cardiogram  The distance between the Q wave of the
E C G 1nd the end of the T wave gves systohe ejection period
This measurement 1s not very relinble and it differs 1 abnormal
patterns

Right Atrium

'J ( V.. u L R ghe Ventricle
N4

~Jf | FJ _u,\\.\ N Femoret aneey

FAPT'J ,Jr,ECGU- )

Figure 1

krossute tracings recorded sinultanco 1sly 1n the neht ventricle tle night ammumn and
the femoral artery alongwul the E C G Show ny, the tume relat onship 1 a cardiac
patient

Fach vatical kn 1 o s cond apart

Figure 12 shows the simultaneous tra ngs of the femoral artery the
nght atnum the nght ventricle iand the B C G The total duration of the
systo'e ind the systolic ejection period can be cileulated easily from these
recordings

Normally a hnear relabiouship exists between the total systole the
total diastole and the tot1} cycle length
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&
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teriod of spwl 3
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total cardiac cved 34
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Hert rate
Figure 13
(raph showing the hewt rate plotied zemn 1 the jeriod of systole expressed n
percentage of the total cardiac cacle  The relationsh p s almost 1 near
72
k]
68

6¢
Period of dia
tole expres od Le4
m percentagc

of the total é
cardiac cvle ¢4
8
5
60 80 100 no 140
Heart rate ¢

Figure 14
Graph showing the heart rate |lotied gumst the perod of dustole expressed in
percentage of the toral cardiac ¢ycle  The relationship 1s almost lmear



NORV AL PRESSURLS AAD L RESSURE }ATTERNS X

The curses above show the relationship of the heart rate with the total
systole and the total diastole :n 1 normal person

»

K
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CTHAPTER V

PULMONARY ARTERIAL WEDGE PRESSURE
THE TECHNIQUE OF OBTAINING IT
ITS GENESIS AND FALLACIES
FACTORS REGULATING THE PULMONARY ARTERIAL WEDGE
PATHOLOGICAL CHANGES IN THE PULMONARY BED
AFFECTING THE WEDGE

Pulmonary arterial wedge pressure

There are several terms used 1 the hiterature m the place of the pul
monary artenial wedge pressure such as Wedged catheter pressure Pul
monary artery wedge pressure Impacted small artery pressure or Pul
monary end pressure

The technigue of obtumng 1t

It 15 necessary for those who are not familiir with the procedure of
cardiac cithetenization to clearly understind how the wedge pressure 15
obtuned As the catheter 1s pushed from the maun pulmonary artery tow ards
the secondary and tertiary branches of the night or left pulmonary artery
there 15 hardly any change as regards the height or the shape of the curve
Fmally the tip of the catheter 1s actually wedged mnto one of the arterioles
This jxmming of the tip of the citheter mto the vessel produces a distal
flud ti bt compartment with the st 1 smaller branches of the artertoles and
therr pulmonary network The litter m turn are directly connected with
the pulmonary vems and throngh them with the left atrum

All technienl conditions bemg 1deal the pulmonary arteral wedge
tracing obtamed 1 this manner 35 1 very close reflection of the pressure
changes durng 1 cwdie cycle m the pulmoniry vemns wnd the left
atmum 7 2 * This 15 puticulwly true m cases of pulmonary hyperten
sion of the post capillary ongin such as in mutral valvalar ds ease left ven
tricultr fature etc  In the present study m some patients the left atnal
tracing, taken trans bronchially and from the opened chest dunng mitral
surgery compared well with the pulmonary arteriil wedge pressures taken
durmng cardiac catheterization severil weeks prior to the surgery If there
1s no difference observed m pressure tracmgs from the left atnum and the
pulmonary arterial wedge one miv nerhaps assume that —

1 There 1s no measurable hinetic energy lost durmg the transmission
of pressure wves from the left atrum to the tip of the catheter
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WEDGING  THE
BATHETER TIP

ce

Figure 15

Schematic d agram showing the techmque of wedging the p of the cardiac cathetes
im 2 branch of pulmonary artenole

C € Cardiac Catheter L 4 Left Atnum

SVC Superor Vena Cava MPA  Mun Pulmonary Artery
1V C Inferior Vena Cavt LPA Left Pulmonary Artery
R. Vv Right Venincle P V  Pulmonpary Ve

R A Rght Arum 1 € Pulmonary Capillanics
LV Left Ventncle

There 15 no constrichon occurml, m the pulmonary vems to affect
signfic intly the pressure system

Both the left atnum and the pulmonwy veins behve 1 1 sigle
chunber nd their elasticity property remuns unchanged dunng
the record

Cenesis of the pulmonary artenal wedge

It was mn 1948 when Hellems and her assouates *' demonstrated mn
dogs and Jater m man that the mean pressure recorded through the catheter
by the wedgmg of 1ts tip tightly mnto one of the pulmonary end artertes
closely approumated the left atnal pressure In 1949 Langerlof &
Werko! showed that the pulmonary artenal wedge pressures are reflec
tions of the left wtnal pressure waves occuring duning the normal cardiac
cycle and of an abnormal Jeft atral pressure These authors also first
pomted out the il tvpe of the pulmoniry arteria! wedge curve m
mtral vabular disease

Although the oniginal intent of wedging the tip of the catheter mto one
of the nulmonary end artertes may have been to measure the pulmonary
capiliary pressures 1t 1s now generally agreed that the eutire pressure com
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ponent recorded 1s ongmated from the left atrum 243731 o
3¢ Sumlarly when the tip of the catheter 15 wedged m pulmonary vens
1t reflects with reasonable closeness the amplitude and the pressure pattern
of the pulmonary artery® **

The channel from the tip of the catheter wedged this way to the mutral
valve can be divided mto two parts —

1

o

Wedged rea of the pulmonar end artery to the artert d side of
the pulmonary capillanes

Left atrium and the pulmonury sems to the venous end of the
pulmonary cappillanes

1

The following factors support the belief that the pulmonary
arterial wedge truly represents the venous side of the pulmon
ary capillaries

1 When the pulmonary arterial wedge blood 1s drawn

through the catheter 1t 15 found to be 100 saturated It
must be assumed that it 1s drawn by suction m a retro
grade fashion from the pulmonary capillaries where the
blood s presumably m the state of equilibrium with the
alveolar air  The fact that it 15 1007 saturated — not
contarmnated by blood of a lower situration escaping
from the pulmonary artery beyond the wedged tip—is
further proof of a flud tight system

b There are neither anatomcal nor physiological valves m
the pulmonary end rteries or pulmonary capillaries  As
there 15 1 free retrograde flow there can be free transmis
sion of pressure from the pulmonary capillartes to the
wedged artery Thus the pulmonary end arterial pressures
15 recorded through a tightly wedged catheter are a close
approumation of the pulmonuv capillary pressures
However if one wants to be very exact a neghgibly small
fraction (may be less than 1 mm ) mught get lost during
retrograde {flow

¢ When the pulmonirv attery 15 occluded by a rubber
baloon®* attached proximal to the tn of the catheter the
pulmonary arteril wedge tracng shows typreal venous
type of the tracmg which did not change on inflation or
deflation

Left atyal pressure reflections appear to be transputted with
out change to the venous side of the pulmonary cpillanes
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for the same reason namely the absence of ny val\ef ﬂﬂ‘&
4 continuous unobstructed column of blood 1s present lfnme :
mitral valve to the venous end of the pulmonary capiiar

h
Most obscrvers have agreed that because of the fallcies m t]:le tl:ftﬂ
mque of recording the pulmonary artenal wedge pressures it can le o
only as a close approumation of the left atral pressure within the Lim!
safety provided the following critern are satisfied —
1 Nature of the tracing 1s that of wn atnal type
1 There 15 no evidence of damping

"
m  The triaing m no way should resemble pulmonary arternal tracin

w  Fl pic control d rates that durmg pul y artendl
wedge recordings the tip of the catheter 1s pushed penphem“)
1s much 2s 1t can go and 1s free of osaillations

v Oxygen saturation of the blood drawn 15 1006 except i pulmad
ary diseases where 1t may be less than 1007

Fallacres of the pulmonary artennl wedge pressure

1 Alength of the catheter passes through the pulsating chambers of
the night heart and the pulmonary artery The pulmonary artenl

wedge tracing therefore 1s Iikely to be distutrbed by these extrt
neous vibrations

[

Changes duning resprration 1n 1ntrt thoricic pressure are hkeh to
produce sumilar changes in the pulmon ry circint pressures

3 The narrowness of the pu'monary caplliry lumen might dmp
out the pressurc transrmsstons from the left atnum  But the enor
mous number of capillanes avulible and the dilatation of mdivi
dual capillaries i mitrnl valve defects may compensate for any
such dimping effect

4 Smaller Buctuations from the left atrium are likely to be extingush
ed m the passage through the pulmonary capillanies and the in
Tibition of waves can occur m the pissige from the pulmonary
capr'hinies to the mpacted tp of the eatheter

5 Pressure transmission from the venous side of pulmonary capillanes
to the artenal side of the pulmonary capillaries might be adversely
affected by varying degree of lung distension lthough this point
15 Inghly equinocal

6  Direct impacts transmitted by a hyperdynamic myocardium may
disturb the recordings
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-1

Technical difficulty in determmung the zero level

8  Natural decompressive arrangement by means of pleuro hnlar veins
1n cases of pulmonary hypertension of post capillary ongn such as
advanced mitral stenosis ®

9 Iunfluence of the bronchial artenies although there 15 no evidence
f()l' i

Factors regulating the pulmonary artenal wedge

(Factors regulating the pressure behaviour i the left atrum
1m mutral stenosis)

In the above discussion 1t has been established that the pulmonary
arterial wedge 15 derived from the left atnal pressure which 1n turn depends
on the fol'owmg factors —

1 The degree of mitral valve defect
n  Left ventncular diastohic pressure

m  Volume of blood m the left atrium and the pulmonary venous
wompartment

1 Changes in the volume elasticity properties of the walls of this
compartment

The detaled discussion of the relation hetween the volume and the
elastieity properties of the left atrium and pulmonary venous compartment
15 beyond the scope of this presentation It can be seen however from a
volume e asticity curve given 1 figure 16 thit at lower pressure levels a
greater nse m volume of blood n the left atrium can produce smaller nses
m pressure while at higher pressure levels a smaller rise i volume cin
produce greater rises i pressures

As shown m figure 16 < cc of rse m the volume of blood in the
left atrio-pulmoniry venous compartment can ruse the pressure from
5mm Hg to 12 mm Hg (lower limit of normal to higher lunit of normal)
Almost equal nise 1n volume Y c¢ can rase the pressure from 12 mm Hg
to 83 mm Hg (from the upper it of normal to the pu'monary oedema
level) About 1/ord of x ¢c mse m volume (namely * cc) can rase the
pressure from 35 mm Hg to 52 Hg (from assumed pulmonary oedema
level to the highest recorded at this laboratory) Pressure volume curves
of a similar nature have been recorded by Little * i 1949 both 1n the lett
and nght atna

It follows from figure 16 that m patents with severe mitral stenosis
:lnd thichened melastie left atna with walls stretched to the lumt of
bility a very small add 1 volume of blood m ths left atrral and




36 CARDIAC CATHETERIZATION
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(Adapted from R Gorhin et 1l 1g,1)
pulmoniry venous compartment ruses the pulmonary artenal wedge
pressure to the cntical level  Thus the pulmoniry artenal wedge pressure
nses very steeply for a relitively small rise m volume and these patients
have a narrow range of safety before pressure levels produring the pulmo
nan, oedema On the other hand 1n patients with severe mtral stenosis
and a thin lighly elstic left atium with quite distensible walls a Jarger
volume of blood may accumulate i the left atrril and pulmonory vems
compartment before the pulmonny 1rtera] wedge pressure reaches the
entical level

In the first group with a narrow margin paroxyamal dyspnoea and
the paroxysma) pulmonary oedema cin more easily be produced by smaller
vanations 1n the left atnal blood volume while m second group with a
wider margin these symptoms are less frequent  As the elastic properties
of the left atral walls and blood volume 1n the left atnum vary from
patient to patient the size of the left atrium seen on fluoroscopy 1s 1n no
way tn indication of pulmonary artenial wedge pressure functional mabil
ity of the patient or the seventy of the mitral valve disease

Pathological changes m pulmonary bed nffecting pulmenary wedge ~

Although vistually a1l patients with severe mitral valve disease will
have sigmficint pulmonary hypertension less than 4071 ** haye been mild




PULMONARY ARTERI 1L WEDGE PRESSURD 87

or advanced organic changes m the lungs Thus pulmonary sclerosis only
occurs m association with marked pulmonary hypertension m mitral
disease  However except n cases of pnmary pulmonary disease or con
gemtal heart disease associated with pulmonary hypertension mitral val
vular disease remains as the most common cruse of pulmonary hyper
tensive vasculir changes

The problem of patho'ogical changes i pulmonary vessels and the
alveolar basement membrane m severe mitral stenosis has heen studied by
Parker and Weiss ** and later by Larabee et al**

The principle microscopic changes n the vessels are descnbed as —

7 Engorgement and dilatation of pulmonary capillanes due to
the congestion and an increase 1n the number of functioning
pulmonary capillanes

b  Hypertrophy of the musculature m the arteriolar wall media
as m prmary pulmonary vasculwr disease
¢ Intimal thickemng probably due to the fbrons tissue or the
hypertrophy of museulir tissue
d  Interstitr] deposition of colligen in the thickened media
and rarely m the adventitia
e A change mn the capillary epithelmm to the cuboidal type
f Hyperplastic arteriolosclerosis
£ Arterwlonecross
Quantitahive studies of orgamc changes by Larabee * 1949 showed
that the patients with only medinl hypertrophy have a larger lumen than
P y
patients with both medial hypertrophy wnd mtimal thickemng
The changes n the alveol are —
a  Congestion and difatation of capillanes as mentioned above
with hermiation of capillaries
b Thickening of alveolar e n 757 of cases

¢ Rarely an alveolar epitheba] change to the eubordal

There 1s no good correlation found between the seventy of any of the
above pathological changes and the height of the pulmonary artenal wedge
pressures  One can assume with impumty that the onset of fintimal
thickening m the artenolar walls 35 a fair indication of high pulmonary
arterial wedge p of some durat But the converse 1s not true
as the high pulmonary artenal wedge pressures of long durition have
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faled to produce pathological changes i pulmonary artenolar walls of
Any consequence

Mention may be made here of the fict that there 15 o correlation
eusting  between the degree of organic  pulmonry changes and  the
seventy of the mitral valve defect

Conclusion
In spite of the diffierences the wulible experimental and chimesl
data suggest that the pulmonary arternil wedge pressures recorded through
heter do reflect left atnil haemodynamies under most

wedged eth
::‘:;E::u:lstagnces o mutral valvulir disewse  Also 1f the pulmonary arteral

wedge pressure tracing 15 well marked resembling venous type ewustence
of the nature of mutral valve defect can be confirmed However these
reflections 1n the pulmonary artenial wedge tracing have Leen somewhat less
velitble m the presence of atml fibnllttion  Indeed when the patent 15
fibrillating, 1t may be hard to judge the degree of mitral stenosis or regurg
tation even from the tracing tiken from the left atnum m the opened
chest or through the trns bronchial needle

In some cases of double mitral lesions with wmnculir fibrillation
pulmonary artenal wedge tricng has fuled techmenlly to gre any further
wformation regirding the predommance of one mitral lesion over the
other In that case even surgeons finger palpating the mitral vilve may
ful to gne amy defimte mformation
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CHAPTER VI

METHODS OF ESTIMATION AND SIGNIFICANCE OF

;b 2

g

CERTAIN DETERMINATIONS

Amr ventlation ~ur ventihtion ndex oxygen uptihe  oxygen
consumption oxygen consumption mndex

Arteril blood ovygen content capaaty wnd stturation

\uxed venous blood oxygen content capiaty and siturabion
Artenio venous ovygen difference

Cardine output cardine index

Methods of determmation of cardiie output

Basic to n understaiding, of cirdio visenlar dynamics i health
and disease 1s the knowlcdge of both flow and pressure of blood m the
vanous prts of the hewt and the crculation In recent years the
techmque of cardinc cathetertzation has perrmtted the mensurement of
pressure nd flow 1n vanous chimbers of the heart The determmation
of the cardinc output in any decompensated heart disease 1s one of the
most mportant factors to substantinte the climeal prcture

In order to be able to calcul e the cwdine output yvarous mea
surements hwe to be made

1  Determination nd signficance of aur venhlation and  oxygen
consumption —

These e correctly measured by one of the two methods —

Drrect method

The patient breathes erther the room wur or compressed ar
through a closed cirewt for an accurately measured perod of
wme  The composiion of the inspired ~ur s confirmed by 1ts
analysis Al the exhaled ur 15 collected 1 a Tissot spirometer
m which the volume can be measured after correcting for
temperature and barometric pressure The minute venhlation
of air 15 calculated and from this the ventilttion ;ndex  Samples
of air are transferred from the Tissot spirometer or Douglas Bag
to the tonometers and stored over mercury until analysed for
carbondioxide and oxygen by a gis amilysis apparatus such
as Scholander Hamilton Haldane Van Slyke Electronic ete etc
The sum of the percentrge of carbondiouide and oxygen sub
tracted from 100 equals the percent of nitrogen m the expired atr
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The percentige amount of oxygen in the mspired air gven to
breathe 15 corrected by the fraction to obtam the exact percent

Percentge of rtrogen 1n the exhaled ar

Percentage of mtrogen 1n the air given to breathe
of oxygen supplied to the alveol: for the evchange of owgen
As mitrogen 1s an mert gas the changes in nitrogen are ssumed
to be the changes in oxygen m the outside breathing crcut and
upper respiratory tract and hence mitrogen 1s used for the correc
ton factor From these figures the exact amoun of ovwvgen m
the whaled air and the exhaled «ur are known The difference 1s
the percent of oxygen taken up by the blood mn the pulmonarv
circulation and 1s expressed as cc per htre of air ventilited This
figure multiphed by the hitres of wur sentidated per mnute equals
the oxygen consumphion expressed as cc per mmute As
the air venhlition and the oxygen consumption depend upon the
surface area of the patient they may be expressed m terms of
standard reference The air ventilabion m litres per minute per
sq meter of the body surface area 1s called the ur ventilahon
mdex The oxygen consumption index 1s sumlarly expressed

It 1s hardlv necessary to emphisize the necessity for a
physiologically  steady  stite durmg  the procedure of the
measurement
Example
Suppose 1 prtient with a surface are of 13 sq meters hes
ventilated 30 litres of air 12 6 minutes and the correction factor
for the temperature and barometric pressure from the standard
tables 1s 0930 The correction factor n the standwud tables e
calculated s

(Barometric Atmospheric pressure—Water V ypour Pressure)
———— iy —
X
273
27>/Tempenture of exhnled air

The mipute ventilation s (30/6x 0980) = 490 htres

490
Therefore the air ventilation index w—yg— =377 L/mn/sq meter
Scholander gas anilvsis 1s
Inhaled ur Exhaled ur
Oxygen 198 © 169 ~
Carbon dioude 05 317

Natrogen T 800 -



CARDIAG CATHETERIZATION

The correction factor 1s

Percentage of mitrogen i the mhaled ar 800
Percentage of nitrogen 1n the exhaled ar 797

Therefore the amount of oxygen the alveolar ur that has taken patt

800
1 the oxygen eschange 15 198« o7 = 1988

“Therefore the amount of oxygen n the mhiled ur 15 1988
~nd the amount of oxygen in the exhaled air 1s 1690

The wmount of oxygen tiken up n £ 98 volumes % or
ptImanary arcnltion 15 298 cc per hter
of i venulated.

Therefore the total amount of oxygen taken up m the pulmonary
arculation per minute of ventilation 1s equnl to

298 cc/litre x 49 litres/mm = 146 cc /mm
This 15 the resting otygen consumption per minute
The oxygen consumption mdex in this patent therefore 1s

146
33 < 112 cc /min /sq meter

Indirect mothod

With the patient breathmg throu,h a mouth piece in a closed
crremst a record of movement of ur i and out of the lungs 1s
obtained by means of the spirometer The volume of air 1n the
clnsed circmt 15 dimimshed by the amount of oxygen taken up
by the lungs dunng exch breath the expired cirbon dioude
beng absorbed by 1 camster filled with Soda Ime 1 the sprro
meter The slow nd steady decrease 1 the volume of the aircut
1s recorded on the sprrogram by the umform upward slope of the
base line of the tidal ur e The oxygen 1on per
minute 1s calculated from the cilibrition on the recording paper
standardized agamnst hnown volumes after correcting for the
temperature and barometnic pressure

It should be mentioned however that the indrrect method
is less accurate than the direct one

Sigmficance

For cardrc output determmations meticulous care and a high
degree of accuricy m measuning the oxygen consumption 1§
required Dunng exercise or excitement'® 5 1 there 15 a nse
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of bssue demand for oxygen which nommally 15 met by an
mcrease m cardiac output

! Artenal blood oxygen content capacity and saturation

The oxygen i the blood 15 chiefly bined with the h ot

f the red blood cells with about 03 cc bemng dissolved m the plasmd
»f 100 cc of the whole blood The oxygen content 15 ordinanly expressed
n volumes percent or the cc of oxygen contained m 100 cc of blood
The oxygen capacity vanes direct’y with the concentrition of haemo
dobin 1 gm of which combmnes with 133 c¢ of oxygen Under normal
arcumstances 1t may be expressed by the number of cc of oxygen con
amed 10 a 100 cc of blood fully oxygenated by exposure to room air
[he oxygen saturation of the blood 1s 1ts content expressed as a percentage
f 1ts canacity 1e the percent saturation 1s equal to

‘ontent/capacity 100 = stauration

If the capacity of the blood to hold oxygen 15 20 cc per 100 cc
wnd 1ts content 19 cc  then that blood 15 957 saturated If m a poly
ythermic patient the capaaty 1s 25 cc and 1ts content 2375 cc then
hat blood 1s also 957 saturated Sumilarly m a case of polycythemia
vith a capicity of 24 volumes  even 1f the axygen content of the artenal
Jlood ts hugher thm normal name'y £1 volumes ¢ m terms of capaaity
t 1 unsaturated (only 87%57) In anemia on the other hand the
aturation miy he 100” although the capacity may be 1s low as the
ontent of the normal venous blood 1e 14 to 15 volumes ¥  The capacity
n cases of polycytherma or memit, primary or secondiry would be high
r low respectively  The highest observed m our experience 1s 28 4 vols

Some lnboratories prefer to report the blood oxygen content as 1
aturation becanse 1t expresses the content in terms of the capraty It
s beheved however that the volumes © content and capacity are 1
yetter wiy of expres g the oxygen vilues of blood The determimations
it this Iaboratory were done by analysing the bloods by Van Slvles
nnometric appuatus by the technique deseribed by Van Slyke and
Verl'

The percent saturation of oxygen cin be obtuned dwrectly by the
pectrophotometric or owmetric recordings  Such instruments unbke
ras analysis record only the oxygen bined with the | lobm and
Lsregard the amount dissched m the plasma (08 c¢c¢ 25 mentioned
sefore) It 1s extremely mmportwnt therefore to clearly understand the
elationship between the directly Tead oxygen saturabion on the oumeter
r photometer and on the Van Slykes anparatus

The lower lumt for normal arteral oxygen saturation 15 947 1In
he absence of pumonary oedema or other complications the patients

e
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witls marked earcine decompensation do not anly show d hed
artertal ovggen saturation  When present * the reduced ovygenation 1
uncomplicated cardiac patients usnally does not fall below 85" Dunng
exeraise Dittle change occurs mn the arterl otygen satusation from the
resting saturation despite decompensition unless assocrited with sigmficant
pulmonary disease  The arteral oxygen saturation may even nse shightly
due to the mcreased ventilion  All decrease m 1 cardiac patient below
917 15 umportant because 1 that ringe of dissocriton curve smaler

1

ges 1 corresponds to Ingher changes m tenslon ® ¢ ¢

When arterral unsaturation 15 present w an acqured heart disease
without a shunt it may reflect 1R resp! p mrang
n the lungs oedema of the aheolar walls and some times as described
1 mitral stenosis org e changes m heolar epithelum * The tachypnoea
of the decompensated cardiie patient ean also lower trtenal oxygen
saturation 3 4

Normally incomplete saturition of the artenal blood may result from
the following causes —

1 The partial pressures of oxygen 1 different parts of hveolar sys
tem vary  Alveol having higher partial pressure than 100 mm mav
not rase the saturaton of htemoglobin m the blood any more
while dieols hwing partial pessure less than 50 mm  cannot
oxygenate the blood to the fullest extent **

9

Esven if the blood 1s 100” siturited m aheolw capillanies by
the time it reaches the left heart at 15 shghtly diluted by blood
from the brouclnil vems ind some of the thebesian vems
dramng 1 part of the myocwrdium

w

Unlike crbon diovide blood in vcolar capillanes may not be
m complete otygen equlibriim with the ahveoltr air or want of
adequate speed diffusion 1ross the membrane sepwrating biood
and air ¢

Although the causes of incomplete saturttion of the artenial blood
are known 1t has been very difficult to establish any correlation between
the degree of decompensation nd the arternil saturatton  Nevertheless
m cardiacs hwing an artenal stturation below 90% severe disability 1s
present but the converse 1s not true 1¢ the patient having severe dyspnoea
or othopnoey m1y have normal or onh shightly reduced arterial oxygen
saturition*® *  Durmg exercise there 1s no reason to expect any drop
n the penpheral arternal ovygen saturition except 1 cardvies gowg 0to
pulmonar; ocedema Indeed shght improvement in otygenahon mw
oceur because of the imcreased ventilatory excursion
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3 Mixed venous blood oxygen content, capacity and saturation

Normally the nght heart blood at rest 1s 75~ saturated or contamns
nbout 145 vols of oxygen The capacity of venous blood 1s the same
as that of the artenial blood Diminished oxygen m the nght heart blood
durmg cardine decompensation is constantlv found ©° 8

In o decompensated cardiac patient the tissues have to satisfy their
need for oxygen from whatever amount of blood that 1s airculating through
them The extraction ratto per umt volume of the dwmmshed blood
supply 15 therefore raised Thus with the reduction mn cardrc output
during cardiac decompensation marked changes may occur n the mixed
venous blood

In a compensated cardiac piwent myocardmm has a very poor
reserve power and therefore when the oxygen need of the tissue increases
dunng exercise the cardac output does not nse proportionally Here
the only way for the tissue to get more oxygen is to derive even more
of 1t from the lumated volume of blood that 15 flowing through 1t**  Thus
1f the myocardium 15 not able to raise its output proportionally to the
elevated otygen need naturally the mixed venous blood has to gne up
proportionitely that much more ovvgen

4 Arterio venous oxygen difference

The tip of the catheter 1s kent in the man pulmonary artery all

the tume when the patient 15 breathing through a closed eircuit for deter

of oxygen The blood samples are driwn suultane

ously from an mdwelling needle in one of the accessible arteries and from

the pulmonary artery through the citheter The ovvgenated arterial

b'ood represents that pomg to the penpheral tissues while the plumonary
irtery blood 15 well mixed venons blood from the tissue

The arterio venous difference 1 the oxygen content represents the
amount of oxygen taken up by the tissues for utthzation during peripheral
arculation per 100 ¢c of blood Normally the artenio venous oxygen
difference falls in the range of 10 to 55 vol

Durnng cardiac decompensation 1n low output falure the artenio
venous oxygen difference averages higher than 6 vol “ but there 1s cons:
derable overlaping of 1t between a normal and a deranged haemodynamic
system  This greater rtenio venous difference of oxygen per umt of blood
results from the dumimished blood flow In tigh output failure the arterio
venous oxygen difference 1s proportionally small Therefore the arteno
venous difference would viry 1mversely as the amount of blood flow and
drrectly as the degree of decompensation
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5 Cardinc output, Cardiac index

The cudiac output 1s the amount of blood fowmng per mnute out
of the heart Because the cirdiac output vares with the otygen con
sumption and therefore the surfwce arca at 1s expressed as the cardic
mdex or the cardine output per mmute per sq meter of the body surlace
aren  The normal resting curdiic mndex 15 32 to 331 Ttrs per mumute
1 audlts and sightly *  * #* higher  cluldren  The cardiac T‘de( 18
Aimimshed m an upnght  posture prolonged standing and
by holding breath m mspirttion s an valsilva because of dummshed
<enous return  However the cardinc output can go 15 Tugh 1s 36 litres
per minute 1 ath'ets duning competition

Nature his provided severil mechimsms to mamtan the cardiac
output under physiologtcrl  1nd pathological stress  and stran on the
myorardum such as under exercrse and congestive heart falure  The
following factors cm be considered 1s the compensatory factors 1n order
to mauntam an ndeguate output

1 Heart rate ‘The cardiac output 1s the product of stroke volume
and heart rite In a normal person the heart rate increases to
certun extent under ny physiologieal stress In a decompensated
myocardium the heart rate increases disproportionately with wny
addition] stress  Thus up to 1 certun lymt mcrease 1 heart
rate increases the cirdine output

™~

Strole output The stroke output mcrenscs to a certn extent
until ll the eardine reserve 1s fimshed An attempt then 1s directed
townrds the hypertronhy of the ventricular musculrture to rase
the stroke volume Normal heart under exercise will raise both the
stroke volume nd the heart rate but the fuling heart can rareh
ruse the stroke volume under excretse and hence the minute out
put has got to be rused mostly by rusing the hert rate out of all
proportions to the stroke volume In congestnhe cardize farlure
shghtest exertion wll produce considerible degree of tachy
cardia wathout wy sigmficant nse in the stroke volume because
after 1 certun pont m the devclopment of tachycardin there
15 not diastohe filling enough to fill the ventncles to accomphsh
any significant tnereise 4 strohe volume

3 Raising the blood volume When the muntamence of an adequate
output farls with the sumnle compensitory mechanisms like
creased heart rite strohe volume and cardiac enlargement then
the restoration of the cirdiac output may occur by wcrease
blood volume The nrogressne increase in the circulating blood
volume 15 a fundamental } tatic y h
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However this mereased blood volume atself resufts into symptoms
which we cull congestive cardsie fallure Thus up to an optimum
Physiologie lit inerensed blood volume produces + ngher
venious return vesuftng m an nereased ventricular diastolic
rolume nd sut Iy m m d cidiac output
However heyond this optmum hout merease i blood solume
15 not able to produce geater evrdiac flling nor greater eardere
output because there occurs 1 pronvunced rise 1 pressure withn
the cardiie ehmbers  This leads to the decrease m veno atual
pressure  difference  which s the effectve filling pressure **
This happens m Inter stages of congestne fatdare when the
cardiac output 1s considerably dummished

4 Redistnbution of blood flow Whenever the cardiac output falls
rapudly or severely artertolar vasoconstriction is an mmportant
mechamsm  Atenolar wetion of the splanct vessels
wid the extremuties spares a greater share of the output propor
tonally for the 11ta} organs such 45 brun nd the heart ** * The
dumimshed rend flow nd therefore the retention of sodm and
water due mitidly to 2 Tow cardse cutput has been of partienlar
mterest as 1t mereases the blood volume and the venous retwrn
Although this wav traasiently wgment the cardiac output
ultimately sncreses the strun and congestion and Yeads to further
merense i falure

As has been mentioned before dunng the early stages of cardiac
fulure the resting cardite wdet mnv be in normal range % though
there 15 mutidlly considerable overlwp of values  As a rule in our expe
uence comciding with thet of others *  patients having 2 cwdiac mndex
below 23 will be more or less meprcitated  The degree of symptamato
Iogy howesrer m)l vary both with the patents personaht) and other

of p logic p such s an ek i
artenolar resnslerme ete ete  In advanced fulure the cardxac mdex can
go qute Jow m our expenence down to 10 The pattents m cardiee
fadure dunng exeroise * ¢ cannot merese thewr cardiee output 1o propor
tion to the body s mcreased needs In ather words 1n a congestnve cardne
f the O, consumption nises say by 1607 the cardiie mdex may nse by
10 or 157 only and the arterno venous oxygen difference 1s nnt able to
make up the defict  The faling heart therefore even f st 35 able to keep
the patient symptomiess at rest 32 unble 1 1ts adaptability to cope wath
the addittonal stress** In x mormal vireulation for every 1 cc nse m
otygen consumption cardine output 15 rased by 6 cc but i a faling
heart st may be about 3 ee or Jess for every 1 ce nse an ovygen con
sumption  This 35 a constant obsen 1ion of 1 disproportionte nse between
the oxygen consumphon and romute output
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The cardiic mdet when extremely Jow does mdicate the seventy ot
the disease  However 1t does not bear any constant relationship with the
symptoms or the physical signs ** ** ¥ or the pathological changes m the
myocardum or the pulmonary arterwoles or capllanes because most of
the symptoms of the congestive failure we caused to a great extent by
the compensatory mechamsms rather than by the reduction in the minute

output per se

6 Methods of determumng the cardiac output

I a
b
I a
b
m
b
c

I s
b

Based on Ficks principle imvolving gaseous analysis
Based on Ficks prneiple wathout gaseous analysis

Dilution method Gas rebreathing  Ethyl 1dide method
Dye dilutions and the dilubion of radio active substances
Roentgenokymography

Pulse pressures and the veloeity method
Ballistocrdiography

Methods based on Ficks principle mvolving gaseous oz
Lysis Out of 11l methods thus 1s perhaps the most 1ccurate
wd commonly practised * It depends upon the otygen
exchange between blood ind alveolr air in the lungs  The
cardiac output 55 calcultted by determming the oxygen {or
wmy ather g1s guen to brewhe! content of mixed venous
blood drwwn through the citheter from the pulmonan
artery the peripheral arternl Blood drawn simulstineously
through an arterial needle and the minute pulmonary gas
exchange 1t the same tme  When the minute volume of
pulmonary gas exchmge (oxygen consumption) 1s divided
by the arterio venous difference of thus gas m the blood
the result 1s the number of cc of blood which took part
m the delivery of the gas per minute

This 1s the method practised comventronally 4t all cardiic
centres duning the study by cardine cathetenzation

Method based on Ficks prnciple without gaseous analysis ™
The hrdneys 1re used here s the basis for the exchange of
a matertal sodiym  para ammehippurate  (PAH) or 15
wetslated demvatine paraacetylammohipune and (PACA)
1s used s the test mitenal munly because st has @ remal
extracion of bout S0% A dobule lumen catheter 16
placed with the distal tip about 1 inch beyond the pulmome
vahe m the pulmonary artery Throngh this lumen 2
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constant amount of PAH or PACA 1 injected by a drip
method (through an infusion pump) mto the pulmenary
artery and after equlibrition mixed venous samples are
collected from the proumal lumen m the rght ventncle
Artenal blood 1s drawn from the brachial or the femoral
artery for determmmng the amount of PAH or PACA The
mixed venous blood from the nght ventricle 15 corrected
for 1ts changing plasma level Simultanecus artenal and
mixed venous blood contents can be determmed  Hence
the cardiac output can be calculated by the Ficks prinaiple

T'e other methods are only brefly mentioned below —

il a The patnent 1s breathmg nd rebreathmg the same forewn
£1s Iike mitrous oade ncetylene ete ** to secure equibnum
with the mixed venous blood

b Dye dilution and the dilution of the radio active substances
ar¢ nlso used for the purpose This method 15 useful only
m a lmmted number of cases Besides valid quanttative
conclusions can be drawn only after repeated determinn
tions 2

I+ Roentgenokymography

The stroke output 15 calculited by studvmg the volume
chinges of the heart by means of roentgenohymography
This method has been full of many errors *

T

Pulse pressure wnd velocity method
This has been of dubious rehiabihity

¢ Ballistocardiography -
This 15 very unrehable particularly m heart diseases and
during mconstnt heart rate  *
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CHAPTER VIi
CALCULATIONS

Vascular resistnces

Thus 15 mnalogus to the resistince 1 the electrical cirewit and 1t 15 con
ventionally estmated by Powseulles luw ' which 15 based on ngd tube
svstem and continuous flow  As the cardioy wscular system has 1 l"‘lsmle
flow and elastic walls the datr obtuned from such equations m not
very exact

In amy given circwt of fiad

n Tressure grachent
Volume of flow per umit time

In order to standardise this way of expression 1t may be expressed
m CGS system (absolute umts of fund ntal units of force)

Resistance 15 equal to

Press grad n mm Hy, x 98 117 (force of grauity) x1859 (sp gr of Hg)

Blood flow 1 cc per second

Now the pressure m mm  of Hg must be converted into dynes/em®

and flow expressed 1n htres per minute must be converted into em?/second

Thus the equation becomes

Press grad m mm Hg 1859 v 98117 dynes/cm’
Cardiac output N 71000 cm?/60 seconds

Resistance =

P ess gradient

= Cardiac output

« 60 x 13334 dynes/second ¢m *

Applving this formulla (first used by Aperna 1940)' to

1 Pualmonary artenolar resistance =

Pum art mean—Pulm vemnm mewm
Cardiac output = ¥ 60 ¥ 13334

Pulm art mewn — Pulm arteral wedge mean
=— - —_—
Cardiac output

or 60 ¢ 19334
Normal 1erige by svarious Iborttories differs from 70 to 120
In order to be on the safer side values tbove 200 only should
be considi red pathological  The upper limit of normal accepted
m the present study 1s 150 The pulmonary arteriolar resistance
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calculated as shown above certunly ndicates the condition of
the pulmonary cimllines at the time of the study Any lusto
logienl or physiological changes leading to the narrowing of the
pulmonary capillary bed 1s mmmediately reflected through the
resistance  The pulmenany arteriolar resistances 1 normal
mdnranals have almost 1 lmear correlition with the pulmonin
artery ciastolic pressures pumonin arters systolic pressures and
still hetter correlation with the pulmenin artery mean pressures
In normal mdnidual the mcreise m the pulmonuy arteriolw
resistance due to wy cause 15 associated with the elevaton of
the pulmenary artery systohe rulmonan arten distolic and
the pulmontry arterv mean nressures proportionally

Ind

Total pul \  resistance the resistince  bevond

pulmonary capillanes)

Pulmonin wtery mean — O
cadie output
The upper lomt of norma] tiken dunng the present study 1s 230

0N 10934

Mitral resistance (mcluding the resistance offered by the left
sventricle during distole)

Pulm art wed e mewn

crdiac output | © 60 x 13334

Mitral valve restistance ‘excluding the resistaince offered by the
left ventricle during ditstole)
Pulm art wedge mean ~ 3
- cardiac output
(5 15 the 1ssumed left ventncular dinstolic pressure)

X 60\ 13534

The valdity of this formula 1s based on the assumption that
the left ventriculir diastolic mean pressure 1s 5 mm Hg which
cnnot be too far from correct However 1f left sided pressures
are measured the resistince can be cilenlated mn more certun
terms

y {includ: £ offered bv the nght
ventricle duning dastole}

Brach art mew—0
= cudiac output + 60 13334
Acrepted limits of normal range 15 from 700 to 1900 umts ¢ *

Stmijarh the resistance of the tnicusmid valve m incuspid
stenosis and pulmonic valve m pulmomc stenosis ¢ be caleu
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Inted by proper substitution of the dat1 in the formula for
resistince of the mitral valve

Right ventricular pressure work Left ventricular pressure work

The total energy produced by the heart 1 spht nto two parts nunely
heat and mechameal energy There 1s no wiy of measurmng the heat
energy 'The mechumcal energy thercfore 15 the only enlenlable pit
of the tota] work performed by the ventricles  Tlis mechmmenl enefgt
15 spent 1n two directions —

1 In ejecting 1 definte volume of blood mtn the nortr or the
pulmonary artery aganst pressure

w  In gving the momentum to that volume of blood which 3
ejected

The present study 1 concerned with the work done by each ventricle
n ejecting 1 volume of blood only  This 1s only 1 pressure work which
ts 2 fraction of the total wark performed

Work done =

{ volume of systohc } { Memn clevation of pressure
ejection [N 1 wccompamed by that partt
cular ventncle

In order to express it m 1@ CGS system wd m a

standard way
for comparitive purposes the foll N d—

g formul1 re

T
Right ventneular pressure work =

carduae ndex Pulm art mewm
x = Right atnal N
1035 men 1€ pressure ©1359 (sp gr of Hg)
sp gr of blood i elevation by RV
T T 1m

Kkgem per minute per sq meter

With a normal range of pulmonarv pressures the nght ventncle
generally does not hwve to work beyond 05 to 06 Kgm per mn per
sq meter

Sumilarly left ventncular pressure work =

;c'lrdnc mdexl Brach art mean }

< X - <1359
1055 ) {5 (L V dias pres)I

- 1000

Within a norml range of systematic pressures the left ventrreulr
pressure work does not usually mse more than 4 to 5 tumes the nght
ventricular pressure work.
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Duastolic filling period  Svstohe ejection perod

The exact eshmabon of the dustohe filling period and the systohc
cjection peried of the left ventncle can only be obtamed from the
stmultineous pressure traomgs from the left artum left ventncle and
the 2ortt It ss not however considered pricticd to obtamn these tracmgs
i routine circhac catheterizatom Gorlin et ol suggested that the brachial
artery traong f wsed for eleubiting the dustohe filhing perod or the
systolic ejection penod  gnes values ven close to those of Lombird
cope method  * and 15 believed that brachal artery tracing gues suffi
ciently consistent and vahd resulis for the parposes of this measurement
The diastolie filing penod of the left ventncle can be measured from
the beginning of the dicrotic notch tn the begmming of the upstroke of
the subsequent pulse The diwstolie filling period caleulated this win
however includes the sometric contraction nd relaxation but m mitral
stenosis the atrio ventricultr flow probabh cecurs dunng 1 part of these
phse and therefore these ervors are mimmized m mitr} stenosis

Drachat Anery
T

Foo
Fg
Sumnltancows brach al anen tracwm,, and the ECG
1 Asnding tumb 4 Posshaouc sepment
z  Predicotc segment DFF Dustalic Flimg Perod
3 IDhaaotic notch SEP S eole Ejeccon Penod

The systohe ejechon penod of the left ventnclo 15 measured from
the begmmng of the upstroke to the beginming of the dicrotic notch of
the same pressure pulse Howeser svstolic ejecion remod mlcuhled
this way excludes the pencd of and
Althongh n gross mitral msulficzency the regurgitation prebably begins
duning a pt of ssometric contraction and continues partfy duning ssome
tue relaxation  ‘Therefore the values obtamed for systolic ejection period
i« httle smaller than the 2ctual  The regurgdation m mifral msufficiency
can necur only when the artio ventneular pressure gridient of distole




55 LARDIIC € UTHETERIZATION

1s reversed m systole  This reversal of gradient occurs only late 1n 1some
e contraction period and continues onlv m the begmnug of the
sometric relaxation period beciuse of the eleyated left atrial pressure
and the time lag occuning 1o the resersil of flow Therefore the errors
are muumized o mitral msulficiency

The effect of exercise or tachveiwrdia on the distole fillmg penod
or the svstolic ejecton penod has been shown mn the disenssion on the
normal artennl tracing

Mitral valve stenohic area

From the two nccepted formulie n hydrawlies Gorln & Gorl’
first dernved a formula for the calculation of the mitral valve stenohc
wer In 1 system of two chumbers commumeiting by n fixed onfice

1  Flow = (Cc x Arca x Velooity
where Cc 3¢ the coe heient of contraction
2 Velooty) = Ci? x 2gh
where g 15 the force of gravty
h 15 the pressure gracient
3 15 the coefficient of +elocty

{as only a part of pressure 15 conyertcd ntd
velocity)

or Veloaty = Cv v V 21

Solving these two equations for

N Flow
R A rr=t=
Ce x Cv x VZgh
{Ce ¥ Cu) ralue has been dernved by Gorlm and Gorlin' by compar
g the caleulted valve areas to actual measured areas at autopsy
tce x Cv) value 1s different for different valves Because of our limted
know ledge of the circulatory hiemodyniwmics this value only supposedly
corrects for several practical Iimitations in the methods This correction
factor also wncludes the pressure conversion fictor from mms of Hg to

ems of water JIn case of mitral stenosis the formula has been derned
as follows —

Flow

CAV2 880 P
Elow

C ;445V73,

Arena
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Mtral valvulur fow

C 45VPWm —35

5 15 the assumed left ventnicular diastolic pressure
Pulmonry arterial wedge pressure (PWm) 15 assumed
equal to the left atnial mean which s the drving
pressure head across the mutril valve and the mutral
vihvular flow 1s the rate of flow across the mitral valve
1e flow per diastolic second which 1s equal to

Cardiac Outout
Duastolic filling per1od 1n seconds
Substituting the value of C as has been worked out by Gorln & Gorhin*
Mitral yalvular flow
07 H5 < Viwm =5
_Caxdmc output/ Dias filling penrx}
- 81 <V PWm <5
Cardiac output
=31 < Dus Fillmg penod <\ PWm — 5

AMitral Valve Stenotic Area

If the L1 whent (PWm — 5) 1s too smill formulu »s lihely to pave
wioneous results In these cises exerene will ruse the gradient
(PWm — 5) Valihty of this formula has been questioned bv some
people n the field but m our experience 1t las been of value The
applicability of this formula ewsts onlv wn the presence of purc mitral
stenosis without anv regurgitation

Mitral valve regurgitant area —

\litral regugitation occurs dunng the systolic ejection pertod of the
left ventricle By the same formula 1s m mitral valve stenotic tret

irel

u
|
|
!

Ce Cv Vgh
Rate of regurgtant flow durng ventricular systole
- C 445 Vh — b,

Rate of regurgitant flow per systolic second

C 45V L\ sys mem — LA Mean

Regurgitant flow/ Systolic ejechon peniod

C 445V L\ sys mean — L. A mean
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Regurgitant flow

P
= ¢ tSys e penod ¥ 415 < VLTV Systolic mem — L A mewn
Lot regurgitnt flow

= I
C xSEP x 445 <\ "Brich rt sys mean — L. A meat

The value of C has been caleulated by Gorln & Demr
wmostly on hypothetical der itions and 1ppro;
vilue suggested by them 15 08

Now
Regurgtant flow Total left vent mflow — systemic output
Total mitral valve flow — cardiac output

Substituting the valuc of mitral vahe flow from the formuld for
mitral valve stenotic rer
Total mit 121 flow == M\ Ste arer x Dins fill pertodx 31
% VPWm—5
We et
Total M\ ﬂc\\ — L.\rdnc output

MV Reourg Aren =- ———
08x 415xSEP v(VBnch art sys mean— L A mean

MV sten wersDFP « 31« V P{Win—5) — card output
BXSEP \ VTr wt sys mean — PWm

There 15 no w1y of esimating the mitral valve stenotic area in the
presence of regurgitition wnd therefore there 15 no direct practical
ipphicition of thes formula

No attempt was made mn cases studied at this laboratory to estimite
quntititnely the degree of regurgitation from this formuln  However
Regurgitant arel
" Stenotic aren
¢ be used for the faur evaluthion of the results of mitral commisurotoms
Improvement n functuon oceurs due to the mcrease i the mitral valse
stenotic 1rer and decrease m the mitral vihe regurgitant aren  In ether
Mit Vil Reg Area
Nt Vil Ste Aren

tt s clumed that the ruo cin be estmated and

cise the ratio if I

will

This formula although mteresting imvites much criticism  mamly
beciuse 1t mvolies manv presumed and 1ssumed indirect measurements
nd \ lues
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CHAPTER 1

VALUL OF CARDIAC CATHETCRIZATION IN STUDIING THE
DYNAMICS OF MITRAL STENOSIS

The advent ot cardiac surgery Las been bugely responsible for the
mereased enthustasm tn the study of the muril valve Jessons dunng the
fast fow years As 1 resu't the deringement of haemodyntmics 1 mutral
+ ddve lesions 1s better understood ta diy than it ny time m the past
The Iistory of mitral valve disease 1s still in the mahmg and every day
progress 15 bemng made Nevertheless certun pomts have now been
established by the climenn at the bed side the surgeon 1t the operiting
table and the patholagist at autoprss

Although  crrdiac cthetenizition studics we not ibsolutely neces
a7 1 every case of mutral disewse only such stuches can supply the
following nformabion which 15 cnticilly required m the pre surgical
evaluation

1 Mitral vilve stenotic area m pure mutral stenosis where there 1
discrepancy between the severtty of symptoms wnd the chimcally
suspected degree of mitril stenosis

n  Predominance of one mitral lesion over the other in double mtral
lesions

w  In pure mitr] stenosis the predominant role of mechanical or
myocardiil factors

v Detection of ssociated lesions such 1s tricuspid or 1ortic lesions

v Distmgwshing mitral valve lesions trom prmary pulmonary
hypertension penicardinl effusion ete

Tle study of mitral vilve lesious by catheterization of the nght side
of the heart does not provide any direct information about the anatomicd
state of the matral valve but only the state of nght heart and pulmonary
crrculation s affected by the diseised putral vilve  However the study
of nght heart circulation has proved to be a very viluble nddition to the
wmamentarium of the cardologist for the evaluttion of the matral dusense

If 2 defimite diagnosis of mitral stenosis can be made on the basis of
chmcal findings and usual wmvestigations the nght heart catheterrzation
then provides « metsure of seventy of the stenosis thns providing mfor
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mation regurding the relitionship between the subjective svmptoms of
the patient 2nd the degree of stenosis  Such information 15 very valuable
to the cardsologist i recommending the surgne V] tretment of mitralstenosis

In order to determumne the predomnance of nuteal stenosts over mirat
msufficency when both are present pulmoniry arterril wedge tracmg
obtuned by nght hewt cithetonzation my provde useful mformation
In solving this not in uncommon problem the clmierin may have to take
the help of lcft Dieart eathetenzation wineh provides the pressure tacmg
from the left wucde wd the et vontriele

The 1omt effurts of the phsiolognt the < udwlagist and the strgeon
have certanly contributed much to the understiding and evaluation of
the extent of mitrl heart disease



CHAPTER II
HAEMODYNAMIC CHANGES IN MITRAL STENOSIS

Gross haemodynamies  (Two pressure systems)

Roughly the mitral vahe openng his to be reduced considerably
from a Jow normal of 4 ecm to 12 em? before the compensatory mechan
sms are exhausted

It has been conclusnely shown m models that the partial obliteratrop
of the mitr1l opening will essentiilly produce two pressure systems —

1 High pressure lesser crcut 1e ancreased pressure mn the left
atnum pulmonary artery and the nght vontricle

n Low pressure greater arcwt 1o dimimshed systolic ejection
low er arterrl pressure and mibal transient fall m venous pressure

HICURE
schemaye dagar | owiig the phy o dynam  cf miual stenosts
iT o pr s tems)
Ca

5% C Smpesc Ve Caa 1VC  1fe or vena
RA R ght Atnan RY Rght Yen icle
Pa Pulmonary Arecr 1 ¢ Pulm nary Capsltart s
[ Pulmonary Vens L4 Left Atrrum
LI Teft Ventr ol My Astral Valie

1f as m the above figure the whole system 15 looked upon s a senes
cF chambers and valves pirtial obstruction 1t iy point i the system should
be met bv ¢ proportionite nse m pressure to deal with the degree of
obstruction  Thus stenosss of the mitral calve results m 1 hugh pressure
area between the mutril valve nd the nght ventnele As the channel
between the mitrl 1alve and the pulmonary valve 1s entwely unobstructed
by anv valve action the pressure shift s easih attamed all along the
svstem
The high pressure system can be divided nto two weas —
1 From the nght ventnicle to the secondany branches of the
pulmoniry artery
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u Yrom the mutral valie to the venous end ot the pulmonany
cpllanies

Although the pressutes remain Ingh from the nght ventricle to the
left tnum the wmdnidua) chamb therr mdependent character
isties of the pressure patterns  Pulmonary artery pressure pattens can
by obtamed with the tip of the catheter wnywhere from the pulmome
salve to the secondary branches of the pulmonary artery From the Lt
atrium to the pulmonary vems the atral type of the pressure pattems
can be obtamed The nght ventricle has to work much more 1 order to
r amntam this gh pressure system

Low pressure system
Wath 1 tight mutral valve the left ventricle will not be getting enough
blood and lence the feft ventricular systolic pressure and the stroke

output will be reduced  As a result the artenal systole pressure and the
pulse pressure will become Jow

This mutial production of two pressure systems 1s very transtent and
mas even be imperceptible 1t the onset

In order to merease the Row pust the mitral e m nutrad stenosis
the followang, chnges take plice
3 Incrcased pressure gridient rcross the mitril valve

i Incrersed strength of il contrichon (unless wrcular fbril
Ittion supervenes;
m  Prolonged distolic Alling period of the left ventricle®

For 1 vamible Jength of tme dependmg upon the seventv of the
stenosis the 1bove mentioned compensitory mechanisms resist the
hiemody namic changes m mutral stenosis  In the case of auniculir fibnl
Ittion the compensutory mechanism 1s greath hwdicapped

RICHI SIDED 1RESSURES
Pressures
1 Peripheril vems

Most authors tgree that the venous pressure ¢ be normal un
1 compensited orginse hert disexse * without any sign or symp
tom of congestne heart faure except perhaps i the wstance
of the trcuspid disease and constictive penicirditis

In a chromically decompensated cardire  penphernd yenous
pressutes are lugh but the pressuse gradient between the pert



u

HIEMODIN SMIC CHANGES [N MITR{L STENOSH &

pheral vems and the nght auncle normally seen 1s frequently
reduced to 1 muumum Increase mn this pressure  gridient
between the vinous pressure and the nght auncle 1 a normal
heart rases the venous nflow and hence the cardire output  In
decompensation  however the falling hewt 1s not able to
thspose off 1l the blood that 15 coming m resulting in an mncrensed
distolic volume nd pressure m the ventricle A raised auricular
pressure 15 required to empty agunst this ventneulw residuum

After exercise n a decompensated heut the nse mn the venous
pressure 1s sustamed for 1 longer time *  because the faling
heart thes a longer time to deal with the mcreased venou
return

There 15 no linear relationshiyp between the height of venoue
pressure wd the degree of curdiie decompensabon  Measure
ments of the venous pressure therefore cannot be used as 4 test
for cardiac function Only serid determinations can help to
judge or prognosticate the efficacy of the therapy

Supenor and fenior venie cwie

As the catheter 1s pissed from  the peripheral vein towards the
supenior or inferior venteava the pressure reduces progressively
As the catheter comes clo er t3 the nght rum the phasie
vanions of the auricular type cm be seen

TRight auncle

The pressure m the night wricle 1s usnally rascd m the presence
of congesttve heart fallure md this elevation 15 relatively greater
than what occurs 1n the peripherd vems  The gracient between
them therefore falfs markedly High pressure m the nght
anricle results mamly beciwse of the elevited nght ventnculw
diastolic pressure *

The normal nght atrial me m presswie 15 1bout > mm of Hy

m mutral stenosis but if falure 13 pesent this pressure 1s
generally found higher than normal 1e between o and 12 mm
of Hg I a tricuspid stenosis 15 excluded the nght atnal mean
pressure can be taken for all prached purposes of calculations
to represent the driving head of pressure to the nght ventricle
during duastole The nght 2trnl mean pressure may be elevated
or not depending upon the ability of the mght ventncle to
perform the work load demanded of 1t

Generally the high nght atrial mean pressure 15 1ssocited wath 1
reduced cardie outout nd therefore to that extent the height
of the nght atn1l mewm pressure 15 sigmficant but the converse
t 10t true as pabents with 2 normal nght atnal mean pressure
can have 1 dummshed cardine output  Hence the night atrial
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mean pressure 1s not mdictive of the degree of cardae decom
pensition

Right ventricular diistohie pressure

In + fully compensated congestive heart fulure the nght veatn

culwr diastolie pressure 15 about O In the presence of mcom

Dletely compensated nght sided failure the nght ventricle 15 not

able to discharge 21 the blood from 1t wd therefore the dastolie

pressure 15 shghtly Ingher than O As long, 25 the nght veninde

1s 1ble to eject 1 normil stroke output under normal flling

pressure 1t 1s considered dequate ind the nght ventneular

dustolic pressure the night wrial me w pressure and the penphe-

1l venous pressure rem un within normal lumits When the night

ventricle becomes madequate howeter these pressures ben 1o

nise

Some or all of the followmy, changes m1 Le observed durm,, the

catheterization i the presence of the nght sided failure —

a1 High perpheral venous pressure

b Elevited nght atnil mean vressure (to a relitnely gretter
extent than the pennherd venous pressure)

¢ Dimmmshed pressure gradient between the peripheral vems
md the night wium

d A mse m the mem pght ventnoulir dnstolie pressure
This chastolic elev won 15 often nutited by m early distohe
dip followed by wehing, un to o platew bike mud and Inte
diastolic rise

e A nght ventriculir mewn systolic nressurc rise

f  Plumoniry hypertension

Right ventrnicuhir systolic wnd mein

There occurs 1 defimite rise m both ot

upon the totu pulmoniry re

ventricle his to work  The

transmatted to the pulmonir

vahe The sigmific ince of

be censidered m the disc

PLLMONARY HYPERI

By the techmque of the ngh

of the normal and 1bnormal
advarced It has been our .
svmptomatic grade ' of 1 pats
ticn with pulmonary hypertc
correlation has been hinew o
cxertional dysonoea (class 1
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pulmontiry artery pressure wlnle those who we modertely or mwkedly
debilitated by cxertional dyspnoet (chiss 10T or IV) nav show Tugh degrec
of pulmonrv In pertension

The proress of the mutrl stenosis 15 reflected step by ste p by the
corresponding changes m the pulmoniry arculion with sccondary strun
on the nght ventncle  Pulmomny artery pressures provide the clieian
with more recurite mformation regwrding, the functional dwalnlity of Tus
patient

1t 15 of great value to observe wd correlate the nse pulmonary
utery pressures dunng physical exerase when the myocirdnl as well 1
the pulmonry resersc 1s cdled to et upon at their best (se¢ fgure 22)
The pulmonary artery pressures rise very httle after 2 mld LXereIse 1 a
normal person 2 ¢ but pitients with mitr1l stenosis Iving mild pulmo
mrv hypertenston 1t rest show marhedh 1bnomnal response to moder st
cxeraise *

+  Plumonary hvpertension and the oxygen consumption

In 1 normal person the pulmonary 1rtery mean pressurc shows pruh
cally no nse or only a shaht nse funder 10 mm of He) untd the otygen
consumption nises to 400 ¢ ¢ per muute per sq meter But watl, eSSy
exercisc raismg the owgen mdex beyond 400 ce/mm fsq metr the
pulmonary artery mein pressure may nse sigmficwutly

The gret
absolute nise recorded by Dexter et al wis 16 mm of Hg * srentest

100
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artery 40
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In mitral stenosis the pulmoniry artery mean pressure at rest my
be Ingh and dunng exercise may elevate mordiately for a small elevation
m the osygen consumption mdex By elevating the pulmonary cuett
pressures . this way the nght ventmicle makes w0 attempt to rase the
pulmonary blood flow and eventually the cardiac output

w  Pulmonarv hypertension and the arterio venous oxygen difference

Normally the pulmonary artery mean pressure nises relatively little
s compared to the changes m the arterto venous oxygen difference but
in mitral stenosis the pulmonary artery mewn pressure nises to a dispropor
tionate Jieight i relation to the change in the =rterso venous OYfgen
diffe rence

loo
8

Pulmonary artery 0
mean pre sure n
mm of Hg

4o

-

N
20 lo0 %o

Arterio~venous oxygen difference

Figure 20

Craph howng the relatonship of the artenovenous cwigen diffrence with the
pulmonary astery gucan pressure

N R Normal Range adapted from L Dester etal Jour Appl Ibysto 19,1

CicNo 101 10 K3 10 10, 106 10 1R 100 to 201 0 1R (Appendin

I Palmonrv hvpertension nd the cirdre mdes

1t cw be derned from the figure 21 that unlike normals 1 mutral
stenosis for @ small se i cwrdiie indey there g5 1 striking mse m the
pulmonary rtcry men pressure

In mutral stenosis this rise m pulmonry \rtery mein pressure without
1 corresponding nis¢ m cardrae mdex 1s duc to two factors

1 The high hed of presure required an the left ateum

2 High pulmoniny arteniolar resist ince
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100
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Pulmonary [
arterv
mean
pressure in
mm of Hg 4o
20
Z Ed ] 8§ 1C
Cardiac Index
Figure 1

Graph showing the selationsh p of the cardiac index with the pulmonary artery mean
ressurc

N R Normal Range  adpted from | B Hickman & W H Gl J G Imest
1

947
Cas No 101 10 103 10f 1) 16 107 10% 1 1o 1 o 18
4ppendix)
In a normal person the tbility to ruse the pulmonain blood flow wd
eventually the cardiac output withont a correspondmg nse m the pulmo
flary arterv menn pressure 15 due to two factors

1 Opening of new pulmonary capllay channels
2 Dilatation of those capilharies wlich were alreidy opened

v Pulmonry hypertension and exercise

Pitents with a relatnely mild matral stenosis show pulmonary artery
pressure close to normal at rest but duning modeite exercise they show
abnormally high pressures (2 to 4 times the resting pressure) mdicting
that theyr haemodynamic adjustment at rest 15 mramal % ithout any reserve
for extra exertion In those cises where the pressures were recorded durmg
every minute of evercise 1t was observed that the most common response
of the patients with mutral stenosis to exercise wis thit they rused their
pulmonary artery pressure to their greitest elevition bv 2 to 4 minutes
of exercise

As shown n figure 92 there 1 2 sharp imtial mise m pressure which
slowly falls after the maximum pesh Dunng the post exercise period
the fall m pressures may reach below the imtial resting level

One 15 naturally tempted to conclude that one or both of the following
two thm,_s mwv be happening duning the course of exerenc

1 Durmg the mutinl peuod of evercise as the cirdite ontput nses
s
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100
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\Minutes of «vera e
Figure 2
Craph 1owin, the respon ¢ of the pulmonary arter mean picsuie to the ewrnte
n a c1e of mutral stenc t

the pulmonwry wtenolw resistinces elevate sharply n order
to protect the pulmonary cipill irtes agunst the Abnormal sudden
overlond thrown on them resulting in sharp nse of pulmonary
wtery pressure  But ifter 1 wlile there follows a tendency to
mutual adjustment between the mcreased bodily demand for
oxgen nd the ncreased amount of blood passing through the
pulmonary capillartes by reduction m the pulmonary arterioly
rest tances thus permitting dimmution i the pulmontry wteny
pressur¢  The pulmonatry artery pressurc system adjusts with the
crcie output required under new circumstnces 1t any particular
moment

2 Probiwbly the elesated pulmonary  wtery pressurc  wnd  the
mncreased pulmonary blood flow mu open new chnnels of
Wseolwr capillartes normally closed

AMECHANISA Of PRODUCTION OF THL §ULLMONARY INYPERIENSION I\
MITRAL STLNOSIS

The pressurcs m the pulmoniry arteriil tree depend upon the follos
., {wtors one or morc of which might b operating 1t v time —

1 Back prossure rise mothe Jefe wrcde nd palmonin cipilhnes
due to meehimcal obstruction by the mitrd v alve

3 Pulmoniny vsculiture wnd its resistences
v Dimension wd distensitbility
1 Resstances due to physiolocical nd puthological changes

m artenoles ind canlliries
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3 Curdiae output
4 Blood viscoscity oxygen tension nd carbon dioude content

The relttive smport mee wd significrnce ttached to the bove factors
must be 1sstyed n order to evaluate pulmonan, hypertension properly

1 Back pressure

The conventionl explanation of pulmonary lwpertension m
mitral stenosis his been on the mechwncyl by The job of
muntuning the pressurc gradient between the left wnicle nd
the left ventricle during the ventneulw dinstole across the
stenosed muteal valie fills on nght ventricle which raises the
pressures 1 the pulmoniuy arcuit enough to mect with the
demand despite normal or even reduced crrdite ontput

Durmg, the pesent study simultwmeous |ressures tiker
durmng mitral commusurotomy 1 the pulmonary artery d the
left auricle hwve shown that the pressure gradient PAm — LAm
15 very close to PAm — PWm tihen durmg cithetenzation
(PAm ;s pulmonary “rtery mean pressure LAm is the left wn
cular mean pressure wd PWm 15 the pulmonn wternl wedge
mean pressure) In comparmg these two pressure gridicnts of
course one has to consder the difference m the physiologcal
states of the patients durmg catheterization wd dunng surgery
under anesthesi1
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The graphs n fgures 23 and 24 show the PAm — LAm and
PAm — PWm plotted agamst the PAm It can be seen that n
patients havmg 1 PAm below 40 mms  of Hg the gradients
PAm — LAm and PAm — PWm are wound 10 but patients
haviog @ PAm Huglier than 40 mm of Hg show proporticnatels
elevated gradients

Pulmenary vaseulature and its resistences

The pulmonan resistences are  elevated n the followng
condstions

Acquired heart diseases such s mtral valvular disease left
ventrcwlar falure ete due to the mechantel damping and
rusing the back pressure

E

Pulmonary disease such as emphysemt fbrosis ctc

~

Congenital heart diseases such as any left to nght shunt and
Eisenmengers complex where probably there 15 defectnne
pulmenary vasculature

impostant tofe 15 played by the pulmonary vascular bed o

mitial stenosis It 15 a highly controversil powt as to what extent the
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pulmonary hypertension cm be wtnibuted to the increased pulmonan
wrtenolar resistences It 1s not an wfrequent expenence during catheten
7ation to sec some patients with nutral stenosis stind fanly high degrees
of pulmenary hypertension cven approwhing systemic pressure while
exerasing without any undue breathlessness at the time of measurement
Of course the patients with severe pulmoniry hypertension do more often
have a Justory of orthopnoet and paroxysmal pulmonary oedema  Never
theless the fact that thesc pittents can stind pulmontry arterv pressures
ipproaciung to systermc pressures dunng citheferization without the
production of pulmon ocedem1 would tend to suggest that there 1
some ntermediate factor working between pulmoniry hypertension anc
the production of pulmoniry oedema and that this 15 the development of
pulmonary capillary resistances Thus has been further substuntiated by
more commonly found pithological changes i the pulmoniry capallanes
m 1 Jong standing pulmonary hypertension  These changes have been
discussed previously  In the present series the majonty of cases had only
moderite pulmonary hypertension The study of lung biopstes from the
operated cases did not show the pulmonary \senlr changes 15 frequently
25 1eported by Larabee It 15 helieved therefore that i moderate
pulmonan  hypertension the changes 1 pulmonwy arteroles and
capilliries wre more of phivsiological nature such as vasco constnehon
d narrowing of the pulmonary yascular bed

The pressure 1n the left atnum 15 required o equilize 1ty outfow
with the inflow  In accomplishing this whenever the left 1trum 15 work
ing at 1ts capacity level help 15 extended by the following two fictors

t Narrowmg of pulmonary vasculir bed reducmng the 1 ht venin
cular output  This parth contuibutes to the dexelopment of the
nght ventneular failure

Smaller output from the left side will 1esult m dunimshed venous
mflow and therefore deercased nght ventmiculwr ejection

Thus ifter a period of mter rdjustment between the degree of mitral
stenosts left atrial pressure pulmonary vascular bed and the nght ventn
cular activity the net result 1 the pulmonary ‘hyperten ton  and  the

dwmnished cardiac output

The reflex vaso constriction of pulmontry arterioles and/or orgame
narrowing of the pulmonary vascular bed can explam the observed disso
ciation between the pulmonary artery pressures and the evpected bick
pressure gradient transmitted from the left atrum ’Ihefe changes m
the pul, 5 vasculature throw a ch 1t ased load on the
nght ventricle which ultimately fails producmg the proture of the nght

ventrieular failure
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3 Cardie outpat

The third factor which can affect the development of pulmonary
hypertension 15 the nght ventricular output  Jn 1 mutral stenosts wspite
of the dynimic attempt to muntun the nght yentniculir output at 1s usualls
towered or at the best normal  The dcvelopment of pulmonary hyperten
son m mutrl stenoas therefore can not be sud to hive been ctwscd
by the errdinc output  On the contiary m cases of mitral stenosis assocred
with myocardial msufficiency gavmg nise to low output the pressure 1m ol
mon v 1rtery cannot go s high 1s ¢ be expeeted m mitril stenosts with
wde quate myvoerdium

1 Blood viscoscsty axygen tenston and 1ts cirhon dhowde content
These are not altercd cnough to contribute to the moduction af the
pulmonary hypertension m mutral stenosis

Conclusion

It 1s of partmount importinec to retlize after the hove discussion
that there ewsts 1 high correlation hetwecn the degrer of pulmonary hyper
tension nd the functionil neapaty of the patient recogmsing the fact
that there exsst 1 number of evcep 1ons to the rule  Sometime there 15
sigmficmt pulmonary hypertension with relitnel less impressive symp
tomms md signs This can be expluned on the basis of disproportionate
chnges occurmg m pulmonwy v neuditure wd ats resss ence Rarels
one sees mild hypertension 1ssocitted wath history of scvere symptoms

This mnv be espluned on the basis of pevchological make up of the
hent

However 1t 1 coneluded from the prescnt study that it 1 wot possible
to show 2 hinear working correhtion between the pulmoniry rtery pres
sure 15 an 1sohited factor ind the degree of mitral stenosis extent of patho
lottc 3t changes occuring, i pulmeniry s wsculsture or the pitients chances
of getting paroxysmal attacks of pulmontry oedemn  Also it his he n
hard to correlate the history of paroxymal dyspnoea to the 1sohited factor
of pulmontry irtery pressure at rest although the patrents with Istory
of paroxysmal dyspnoer did respond with marked abnormalty to exererse
There was found no linear relationstup between the degrec of this abuor
mal response of these patients ind the sesent or the frequency of ther
prroxysmal dvsproer

TULMONARY ARTLRIAL WEDCL TRISSLRE IN AIIFRAD STINOSINY

Since the time when Hellems et il * Langerlof nd Werko #* first
whnced the concept that the pulmonany rtenal wedge pressure 1s 4
t0nd index of the left atrl pressure of not ¢xictly equal toat there hs
been much corrohoritons (vidence for the coneept ¢ #2323 ¢ s
3 This pomt s heen consdered previously  The diseussion helow
based op the wssumption that the pulmonan artenal wedge pressure 1
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the closest reflection of the left wricsbar pressue and the two we almont

erqal
1 Poelmonar artern} wedge presswre 4w rest
Factors which om necesutrte the elevated pulmonir artenal
wedge presswre are 1e follows
t Degree of nutrat stenosis or dumimution of mitedl valve nea
b Cardre output
¢ Distohie fithng perod
d  High left ventneular dinstolic pressure
v Degree of mitral stenosis
In order to muntun the reguned cudie cutpat PR
pressures will hune o be dlev ited dependmy, upon the e of
the mitral opemin,  Yecordmg to Cordin ind Corbus hadrnhc
formulla for matral sahe wen
oW \fitr it vahe flowy
W PIOSSAAC VA4S \emTy T e
Wath a smaller vahve 1vcr PW elevation to rase the mutral vahie
flow, would be tremendonsly u h while wath 1+ Birgar valve area
small rise m P wall be able to munt un the necessany, mitral
valie flon From the present study # 18 concluded that o
person with bout 1 em  of mutrdd vehe arer mav be able to
meet with the demand of duly routine of sedentery work without
quute exceeding the PW pressure level of pulmonin ocdemn
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Thus for a certam cardiac output the PW" pressures and the
mitral valve area are closely related factors The obstructon
offered by 1 small mitral opening cuses a compenstory elevation
of the PW pressure  That wluch cannot be accomplished by the

elevation m PW pressure 15 suffered by the reduction m cardhac
output

Thus hih PW pressurc ss uswlly 1 good dication of the
seventy of 1 mutral stenosis but normal or shghtly elevated PV
pressure does not exclude moderately severe mutral stenosis

Crrdinc output

In 2 mild to moderite mutral stenosts  the compensitory
mechnism of the myocardinm 15 suceessful 10 its Attempt to heep
up Almost normal eardine output by means of m eleyated pressure
heid in the left atoum or pulmontry cipilines  But of the mitra'
stenosis 1s modertely severe elevation of the pressure head 1
not enough to muntun 1 normil cwdine output  The present
study confirmmg the experience of Gorlm R et 2l # showed
that with 2 matral vilve ares of 1 em? or less pormal ewrdne
output could not be attuned with only one excepton

15

Vahe Awa 10 '

ar cm?

o3

T F3 3 3%
Cardiac Inder
Figure 30

Cardiac Index 13 i Iiters/minute/sg meter Mural Valve \raa s i ¥ on

Graph showing the relatsonshup  betneen the cardiac index and the calculated Mirn
Valie area from Gotlin and Gorlins formula n pure mural stenosis

Case Nos

101 102 103 104 30, w6 w07 103 1w mp ) D2z DY 1y b
201 201 o 20, (Appendix}

The geaph m figure 26 shows the lucar relationship of the
mutral valve area of Jess than 1 cm? (as caleulated from Gorln &
Gorlins formul?) #* with the cardiac index
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Figure 27 shows thit i eider to mamtam w weguate
cardie mdex PV pressures are elevated m all the cases  How
ever there 1s no hnewr relabonship between pulmonin arteriat
wedge pressure and cardie index

1t should be pomted out liere that there are certuin conditions
like emotional upset or anuety (as some patients do get mn cardiac
catheterization room) thyrotoxicosts anemia etc  which will
record higher or lower PW pressures Thus before 1 patient
1s taken for cardiac cathe tenzation for evalution of mitral stenosts
extrmsic compheating factors should be excluded as far as
possible

Distolic fillng persod

In 1 normil person most or the filitng of the Jeft ventncle
oceurs durmg early and late dinstole of the left ventricle Dunng
early digstole there 35 maumum of blood avalable m the left
atnum to flow 1nto the left ventricle  Dunng Iate diastole atmn)
svstole contnbutes to the atrio ventncular flow  When the das
tohe flling pertod 15 reduced dunmg the tachycordia of exerase
1t oceurs at the expense of mid dustole <o that the total mflow
wn the left ventricle does not suffer
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In mutral stenosis the left ventricular filling oceurs dunng
the entire diastole at 1 more or less uniform rate  Any reduction
1 distohe fillng perod therefore results i dimunubion of the
total Jeft ventnculr anflow  In the case of n elevated beat
rite the distolie flling period 15 smaller and contnbutes t 1
reduction i mited) salie flow However of the mutr] vahe wet
1s only moderitely drmunshed 1 reduchion m the distohe Bllne
penod e possibly be iccommadated without rusmg or only
shghtly rusimg the PV pressurcs

Ihgh left ventriculir distohe pressurc

Although the questiom of lugh left ventriculir dnstoluc
pressure does not nse m pure mtril stenosis it 15 mentioned
here only to disenss ats offect on PYV pressure mdependently

Whenever the Icfe «cutricle 1 not Able to cope with the work
cypected of 1t 1e 1t docs not cject 15 much blood s 1t recenes
the left ventnculw diwtolic pressure 1s Jugher wd the PW
pressure (pulmoniry rteril wedge pressure) shich s presum
1bly the forew wrd driving, pressure head towards the Jeft ventncl
durmg diistole would Ise to be rused to the sxme extent

High left ventricuwr distolic pressure 1 commonly due
to the following —

1 Active rheumatic myocarditis
b Incrensed load of work an the left ventrcle at rest ind dunng,
stress

The guestion of wtive rheumatic myocarditis is important i the
sense that 1n eises where therc s ¢vidence of ctive myocarditis
PW pressure wnd puimoniny wrtery pressure shovld be taken
rwsed putly due to the Ieft ventriculwr fulure and shoukd not
be closchy correlated to the degree of mutral stenosis

Pulmonary artermil wedge pressure dunng exercise

In 2 normal person the pulmonary arterial wedge pressure
dd not nse sigmbeantly within the ringe of excreise that was
performed duning, the present study

The changes 1n the pulmominy arternl wedae prossure e
also be properly discussed under the followmg headmgs —
4 Degree of mitral stenosis
b Cardinc output
¢ Drstolie filling poriod
¢ Tet ventrieulir dinstohc pressure
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I the requred cardiie output 18 to be ostablished dunng
everone despite severe mutrdd stenosic the PV pressure has to
nse In order to weomplish the requisite rise e faww across the
mitrad vihe the PW pressure wise ss disproportion stely ighe
with 1 smaler matead ontfice thw with « muteal orfice of the size
closer to normat

As noted previously cwes with mutrd valie wey of about
1 cm m be tble to muntun the cardize ontnut at 1 required
Jorel without rusmg, the PW prossure beyond the trinsudtion
level  These are cases where PW  pressures e worhing At 1
very nurow margw wd thercfore anv dditonal demand for
cwdiie output will ewdy ruse the PW pressure bevond the
transudaton fevel

b Cirdine output
The body requrement for oxygen durm,, exerene s suddenly
elevited  Wath matr] stenowis an attempt s made by the system
to mect with the vonscquent demand for i incrensed ewdie
ontput by rasng the PW pressure  In 1 moderately severe murdt
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stenosis the nise in ¢ rdiac output 1s less than what would happen
m 1 normal verson  In order to make the maximum attewpt to
meet with the bodys demand durng effort the PW presswe
elerated dependmg upon the degree of rutral stenosis In a sevete
mtral stenosis PW pressure has to go so hugh even during miid
exeraise to meet with the body demind that it 1mght overshot
the transudation level 1n the pulmonry capilfanes Thus ueder
these cwcumstances the PW pressure exceeds the plasma osmob®
pressure m the pulmonuy capillary bed and the signs of the
pulmonary congestion begm to anpenr

Duastohe filling penod

During exercise when the heart rate increases the drastolic
flling pertod 15 reduced 15 1s shown m previous chapters In
mutral stenosis where the flow 2cross the mtral valve occols
more or less umformly during the entire period of diastobe fllng
wy reduction i diastolic filing perniod will cut down the tot:
mitral valvulr flon  This Fictor also has to be compensated b
the tise n PW pressure

Thus there we two changes occurnng m the hacmodynamies
ot mutral stenosis dunng, exercise which relite to i merease n
hewrt rite —

¥ Incrcised body requirement for cardine outnut which results
m tachycardia
b Restriction in mitr1l valvalar flow due to reduced distohic

fillhng period that results from the tichyecardia

attempt for compensttion ¢an be considered n the following, two

Elcvated PW pressure which 15 the drvmg herd wross the
mitra) vabe

If this required level of P pressure 1s ngher than the transu
ditton leve] m the pulmanary capellaries pulmonary  congee
tian or pulmonan oedemt may result  If the required lesel
PW" pressure s hiwher than the pumping biih of the night
ventricle congestive circul ton fulure occurs

Prolongation of the total svstolie cjection period of the left
ventriele

In mutrl stenosis durmg everesse ) prolonged systolic ejec
tion period of the left ventricle 1s the natural result of 2 shortened
drstohe fillm,, period  If the prolongation of the systohe
efection pertod 1€ due to w associtted aortic v lvular lesion of



HAENODYN IM{G CHANGES JN MITR 3L STENOSI 93

1 hugher systemic resistance due to any other causc the diastohe
fillng pertod 15 further reduced These associated conditions can
make the problem of evaluating the mitral stenosis 2 very oritical
one which has to be faced not frequenth m practce

d  Left ventriculyr diastolic nressurc

Normally the left ventnicle 1s able to take carc of the
wcreased amount of blood flow across the mitral valve duning
exercise without any significant nise in its diastohe pressure  In
other words the normal left ventncle 1s competent enough to
¢jrct as much blond as at recenes duning the strain of exercise

6
R
P
Left Ven L,
triculay
Pressure
Worl n
hogm
rer Mnute 2 ~\\\

Onsgen Lonsumpt on Tndex
Figure 9

Ciaph  howing the 1elationship of the left ventnculu pres ure work wath the oxiges
onsumption 1ndex dur ng excr ¢

N RN mmat Range
Cave N 10 06 10, 1 1B (AP nlx)

As shown m figure 29 the left ventricular prussure work 15
rctually less in mutral stenosis dunng evercise than mn a normat
person mamly because of the drop m cudiac wdex  This can be
viewed 15 a protective mechanism that guards gwnst pulmonary
floodmy  However left ventriculir pressure work does merease
in both norma! and mtra] stenosss durng exercise

If other causes of ventrienlr fadure like active myocarditis

high systemic resistance etc are excluded, 1t appears that lefl
sventrieular drstohc pressure should not nse  Therefore the left
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stenoss the rise in cardiac output 1s less than what would happen
in 1 normal verson  In order to mrhe the meumum attempt
meet with the bodys demand duning effort the PW pressure s
clevated depending upon the degree of mitral steno 15 In a severe
mutral stenosis PW pressure has to go so high even during mid
exeraise to meet with the body demand that it mught overshont
the transudation level m the pulmontry capillanes Thus under
these circumstances the P\V pressuse exceeds the plasma osmote
pressure m the pulmonany, capillry bed nd the signs of the
pulmenary congestion begm to appear

Duastolte filling period

Dunng exercise when the heart rate mcreases the chastalic
fillmg peniod 1s reduced s 15 shown m previous chapters In
mural stenosis where the flow across the mitral valve occtrs
more or less unsformly durmg the entire peniod of diastohie fithng
iy reduction m distohic flling period will cut down the total

mutral valvular flow  This factor also hs to be compensated bv
the nse m PW pressure

Thus there we two changes occurrtag m the hacmodynagucs
of wutral stenosis duning, exeraise which relite to n mereise M
heart rate —
v Increased body requirement for cirdiac outnut which results
m tichyewrdn

b Restichion m mutril v ahoular flow due to reduced dstolc

filling period that results from the tachyerrchs

An attempt for compensation c¢an be considered w ¢ ¢ following, tvo

Elevated PW  pressurc  winch s the drving, hoad cross the
mitral valse

If this required leved of PW pressure 15 Jugher than the trinsn
dation level 1 the pulmonan copidlines pulmonary  conges
tign or pulmonan oedemt mw result  If the requred level w
PW pressure 1s igher than the pumping ity of the neht
ventncle congestne arculatony Fulure oecurs

Prolougation of the total sistohe cjection perod of the left
ventricle

in mutra) stenosis dunng evercise 1 prolonged systolie erec
tion penod of the Jeft ventricle 15 the natural result of a shortened
st filling perod  IE the  prolongation of the systofic
election period e dne to w associtted aortic v rlvular lesion oF
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PAm ~ PWVm
TTBWa— therefore s greiter thw vne Hence the pulmonan
hypertension 1s actve m ongin
PAm ~ PUm
It 15 conclude therefore that whenever the ratio s

&xeater than one pulmonarv vasculature 1s offering censiderable obstruc-
fion to the flow m the nature of functionil \ 150 cowstriction ar ergamic
changes m pulmonan artenolar walls

Figure 31 shows that as the pulmonary arterv pressure nses the
PWm pressure also nses proportiomtely bl the PWm pressure reaches
the level of the osmotic pull of plisma protems and the gradient between
the PAm and PWm changes very shghth  But once the P\Wm pressure
seaches close to the pulmonary oedemn level (around 35 mm of Hg) or
beyond the PVWm pressure tends ta be fixed Howeer the PAm
Pressure hept on nsing nd the grident therefore nses out ¢f all propor
tons to the PAm pressure Jevel
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Figure 31

Graph showing the definite selationshup of the pulmonary artenal mean pressine with
the pulmonary arterial wedge mean pressure 1n nuual stenos
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1oy

1 UIE 313 114 18 18E 300 201 20 1o (Appendrt)

Duning evercise the PWm pressure does not mse s much as the
PAm does (compare figure 32 with 19) pirticulyrly because PWm pres
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artenial 238
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pressute 50 L
m mm
of Hg
20} éé‘ -
ey e -
Ovygen Consumptron Index
Tigur g2
Graph shov ing the of the oxygen P index with the pulmonart

asterial wedge mean pressute 1 mutral stencas
Caw Nos 103 106 107 108 (Appendic)
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sute has a tendency to be Fred it fhe nsmotie transudation level 1a
pulmonary capillanies
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Graph showng the relanonshup of the avygen ¢ n umpton ind X v th the differerce
btween the ptlmonary artery wean preswue ani the pulmopary arterial wedge ‘
wean pressure 1n Mitral Stenosis

The figure shows a pattern of post capillary puimnn ry Inp rtenst n

PAm  Pulmonary artery mean pre sure

PWm  Pulmonary artertal wedge mean pres wie

CaeNos 103 s00 10, 108 (Appendix)

4s can be seen w figure 33 PAm — PWm cradient anturally tises
more or less ike ‘PAm during exercise

OXYGEN CONSUMPTION ARTERIO -
CARDIAC OUTPUT AND THEIR RLLATIONSHII WITH
THE PWa PREISSLRE

VENOLS ONYGEN DIFFERENCE

The oxygen consumption rterio venous ovygen difference and the
cardine output are closely mter connected and therefore all the three cm
be properly discussed together

The normal ovgen mdex ovvgen consumption nir mmute per sq
meter of the body surface arey) m adults as accepted duning the present
study in 4 resting recumbent state ts about 130 ¢ ¢ (normn! vanation bemg
00t 160ce) Douglis * estmated that the e gen mdc{) 1t rest increases
14 times when standmg erect 27 times when walling 2 miles per hour
and 35 times when walkimg 8 miles per hour Al the patients of gmml
stenosis m the present study had the ovygen index raised between 25 to
4 times that ¢ rest and therefore the degree of etcrhion taken by these
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people can be roughly estmmited It may be mentioned here that the
ur ventdation mdex mn these patients vaned from 24 to 35 htres per
mimite per sq meter

A nomal person generally has an arterio venous oxvgen difference
of between 4 and 55 volumes @ which nses shghtly dunng mild to
moderate exercise If the ovygen index 1s mcreased beyond 400 ¢ ¢
the additional demand 13 dealt with mostly by rise m the cardiac outpst
and there 1s hardly any additional nse m the arterio venous OUE™
difference  Thus the normal system finds 1t easter to elevate the cardiae
output than to extract more oxygen from the venous blood For example
when the oxygen mnde~ increases 5 times the arterio venous oXygen ddfie

rence may nse only two tmes and therefore cardiac output onjy 25 tumes
that at rest

The mse m cardiac output durmg exercise m the normal 15 ncwrr{\
plished to a large measure by increasing the heart rate and to a sma
extent by 4 nse m the stroke volume

In the present sertes all the cases of mutral stenosis showed during
exercise o smaller nse in cardiac mdex than would normal mdividuals
do  In mitral stenosis there are imitahons m rasing the carding output
Tnereased tissuc oxygen demwnd therefore s obtamed by evtracting more
otygen from the avalable volume of blood i circulation and therely
elevating the ateno venous oxygen difference The oxygen mdex
all the cases wes observed to be withm the normal range

However 1t can be seen from figure >4 that although some of the cases
have an arteno-venous oxygen difference withm the normal range at
rest they show an abnormal response dnnng exercise  Thus the arteno
venous difference showed 1 nise disproportionate to that of the oxygen
~onsumption indet durmny, exercise  These abnormaly hgh  arteno
wenaus oxygen differences d the low cirdiac output serve as an ndex
to the patients mabhty to adjust fully to the sitnation of stress

Thus n 1l the pawents mn the present sers the nse 1 artemo
venous oxvgen difference was evaggerated durmg exercise and the
mcrease m the cardiie index was markedly hmited  VUnlke the nommal
person the oxygen requurement rose dispropornonately hugher than could
be compensated for by a rise n crdiac output The funchion of increased
ovygen supply therefore munly operated through the increased ongen
extraction from the available cireuliting blood  As 2 rule for 4 certan
rise m oYV gen demand due to effort the greater the arterio venous oxygen
difference the Icss efficrent 15 the system  Tlus failure to elevate the
cardiac output n proporton to the oxygen mdex 1s a gurde to the hmita
tion of the patients adptibelity to the new situation created duriog



HAEMODYNAMIL CHANGES IV MITRAL STENOSIS 9

woy
o}
Anteno
Yenous
Oygem s0
difference
wn Vols

per 1000 20

Ovygen consumption Index
Figure 84

Graph showing the rel: of the oxygen ption nd X v 1 (hler 1vemous
o¥ygen d Hlerence a1 mutral steno 15 al rest and daring excrosc
The figute shows a d sproportionate elyation of arenio enous oxwcn gill ence duttny.
CTCise

&R MNormat range at rest
ARE  normal range durmg exercisc
Case Mos 10z 20§ lof 10, 10f 10, 10§ 109 1o 18 ypentt)

exerone  However s restriction i cardrac output did not have au)]
direct relotionship with the scventy of symptams the degree of mutrd
stenosis or the extent of orguuc pathologienl chinges in the lun,s

In one case of severe mitral stenosis the eardiae mndev actuilly
dinmmished dunng exercise ‘Ref figute 19) 1 possible cxphnation that
can be offered for ths 15 that the caediae output nses mitrally for the first
few moments of steady excresse but then drops s the myccardial rcscndc
15 exhausted and cn no longer cope with the contunung, 1ncrersing deman
In conclusion 1t was observed that in order to muntun an equde
atygen andex at rest i these prtients, the cardiac output md thhe afr’tenu
venous ovygen difference had to adjust 1 a reciprocil Fxcnon {the former
falling and the latter nsing)

Relationship with the PWm pressure

The inter relationshup of the cardic output sevcn;}v fbi nnl;;ll:teax:lc:r:
and the height of PWm pressure has been considered be uret ; Ph oot
of severe mitral <tenosts if the demand for ewdne oumH 1”5 ui e
PWm pressure has to be high to mantain an dequate flow across

mitral valve In another patient wath a sumlar degree of mutral stenosis
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if the demand for the carchac output 15 Jess even 1 normal PWm pressure
m1y be able to muntun the necessary flow

The mecreased owv,en demand dunng exercise is of sudden onset and
the system makes an attempt to ruse the cirdiac output by elevating the
PWm pressure to mcrease the pressure gradient ncioss the valve Of
course the patient with very severe mitril stenosts may not be able to
raise the cardiac output 1t Al 25 even at rest he 15 operating at a maimum
reserve adjustment

The hmitatson 1 ability to elevate the cardiac output under stress in
the patients presented here wis considered to be duc to the followmng
factors

1 Disharmony between the seventy of mitral stenosis and the
efficiency of the nght ventricle
Despite the hypertrophied night ventnicle the nise m pressuré
n the pulmonary crcut 15 not adequate to accomplish the
necessary Pow across the matral vahe  This 1s considered 10
be « factor of prime importance 1n patients with the long history

- of the nght sided congestive heart failure
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u Voluntiry hmitation of the willingness on the part of some
pitients was observed because of severe dyspnoea resulting
from the sudden rise m pul -y pressure particularly when
the patient 1s brenthing through  closed crcmt for the
determmation of the cardiae output dunng effort

High pulmon ity wtcnolar ressstances  The narrowng of the
pulmonary vascular bed wlich mcreases n a case of long,
standing mutrl stenosis may be due to pathological changes
m julmonary arterolr walls  (The narrowing deseloped to
protect the pulmonary capillary bed aganst the flooding from
the high pulmonary artery pressure) This is ap additionnl
Toad on the overworhing neht ventncle
v In sesere mutral stenasis an merese 1n heart rate duning exercis®
wll decrease the ditstohie filling penod thereby reduemg the
total Jeft ventnenlar mflow nd the stroke volume
Conclusion
The above four fctors tend to restnct the curdie output while the
elevated PWm pressure and the increased heart rte under stress represent
the factors counterbalancing the hove four factors
VASCULAR RESISTANCEL
RICHE VENTRICU! iR PRESSURE WORM
LEFT VFNVTRIGUL AR PRESSURE WORR
Pulmonary artenolar resistance —

PAm - PWm
Pulmonary artenolar resistance = "¢ 04 00 outpu?

x constant

The pulmonary arteriolw resistmnce vanes directly as the pressurc

gridient PAm —PWm  and inversely 1s the curdiac output

It 15 mportint to mention here the reltionship between the LAm
{Left atral mean) pressure and the cardine output  Wath 1 sterotic mtral
valve the LAm pressure having made an mtial attempt to raise the
cardiac output has a tendency to remiun unaffected agunst further nise
by a pre capillary bloch by pulmonary artenolar spasm and/or sclerosis
The night ventricle at this pont 35 <t} effcrent and ruses the pulmonary
artery pressure, only a fraction of which 15 camed through the spastic
pulmonary artenioles Elevation of the pulmonary arterrolar resistinces 1<
reflected through the disproportionite  Tise of the pulmonary arter
pressure from the PWim pressure 1

There 1s little nise seen m the pulmonary artenoltr Tesistance untt
the mitral valve area approaches 10 to 075 cm® but below li‘ 7? cfmx a
preapitant nse. a the pulmenary arterolar resistance 15 seen (dE ‘g‘\:s
38) This nse mn pulmonary artenolar resistance leads o a dwmmis
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cardiae index  This diminution in cardiac index will reduce the pulmonary
flow which 1 turn will prevent the flooding of the pulmonary capllanes

Thus the pulmonary artenalar resistince behaves as a physiologieal
brake and acts as a governor to limat the ncht ventneulr ontput msprte
of the high pulmonary artery pressure 1 order to protect the pulmonary
capillaries from the pulmonary oedema
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Graph showing the 1elationstup of the pulmonar  arier Jlar e tan ¢ with the cardac
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(Append x)

The elevited pulmonary irtersolar resistance functioning, ts a protec
tion to the pulmonary capillanes alsa further curtar)s the cardiac output
because the nght ventncle has to work aganst the greu}\er reixstmce
Thus 4 close mterconnechon amongst the pressures i m‘ p\:mm‘\:\;)‘
cramt pulmonary artenolar sesistance and the cardhne output 15 W
delineated .

In 2 couple of mstances elevated PWm pressures rose to oedemi
level dunny effort and 1 ths situation the elevated resistances v ere made
quate fo counteract the nght ventneutar effaency 35 H.\:l}\‘d(‘:‘n put ::‘
fike putting your faot on the brike vhle tcceleratmg i e car
gearg” 3

A severe degree of nuhial stenosis of some ﬁ!ﬂnglng dex:\a‘nds
constantly high pressures m the pulmonary capilianes thereby ﬁew:‘s:di :105
the des elopment of ligh pulmonry arteniolar rcmtanc::hs . c:u dence
of this high pulmonarv arteniolar vesistance (5 een patho gically
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vascular walls ** ®  However these elevated pulmonary artensolar resst
wves have been observed to be partially reversible followmg the utral
valvuloplasty ** It 15 believed therefore that these resistances are partly
on the basis of phystologicnl ietron m addition to the patho
changes m the pulmonary artenioles nd capillary walls

.

Thus the elevated pulmonary arterrolir resistances change the
pulmonary crrculitory dvnamics m two ways —

y  They protect the pulmonary ciphnies by damping the
pulmonary artery pressure and thereby dimmshing the
pulmonary flow or the cardre output

W At the syme tme ligh 1esistances mnerease the work Jond of
the nght ventricle and cn exeeed the pumping ability of the
nght ventricle resulting in the nght sided heart failure

In the coursc of mutral sternsis ¢ stige comes when the pulmonan
wteniolr resistince stays at such 4 level that the nght ventricle 1s just
ible to take 1t nd the pulmonry crprlliry pressure does not nse beyond
the pulmonary ocdem level This 1s the stage of relatwelv less symptors
of puimanary congestion n the fice of progressue disease  Soon after
this the symptoms of nght beirt fulure stasts developing when enther
the pulmonan, arteniolar resistwiecs attempt further elevation or the nght
ventricle bucomes unable to cope waith the resistinces any longer Further
consideration of the role of pulmoniry arterolir resistance producing
the chimesl prieture will he indertiken i the discussion of the Mechanism
of symptoms nd signs

Dunng exeraise the pulmonary artenobir resistance was observed to
1se constderably  Wath the sudden demand of 1 nise in the cardiac output
both PAm and PVWm nisc but because of the mereised ressstance at the
pu'menary arteriolir level the nise m PAVm s relatnely smaller than the
nse n PAm 1nd hence the gridient PAm—PWmn increases to a reter
evtent  Thus n elevation 1 the pulmonary artenolar resistance appeared
to be a factor csmg, ¢ disproportionate rise of the PAm—PWm gradient
with the mcrense m crdiac output durmng, effort  Somctimes during effort
the cudie output myy even fall through

The cause of the lugh pulmonary arteriolyr resistance 1o cases of
mitral steposts both W rest and during exercise s still not completely
understood  The following factors hnve been considered 1n the hterature
as contnbutory —

1 Orgamic changes m the struchure of the pulmanary artertolr
walls as described before

o Phystologic reflex vaso constuction n the smller pulmopan
artenoles
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Increased production of nor adrenaline 1 cases of mutral
stenosis the nor adrenalme bemg selectnely actne n
lungs

The changes observed mn pleuril pressure dunmg effort can
produce mcreased degrer of tension m smaller pulmonary
vessels

Autonormic  puticapition  utonomic  ganglion  blochng
ent tetra ethyl ammomm chlonde  Towers the pulmonary
vascular resistance ?

Anoua  Shght anotwia 1y sometimes  observed due to the
pulmonary capilary congeshon  This anovia may imnate
the elevation of the pulmonrv vascular resistance® *

Total pulmonary resistinces

Total pulmontry resistances =

PAm m mm of Hg —O

Cardiie output m hters
per min

x  constant

Thus the total pulmonary resstances vary diectly s the pulmonary
arterv menn pressure and rversely ts the cardiac output

[
%
PER
.
Grtne & .
outpur m PP
Lters per
minute
2
» x .
2 x
Total pulmonary resistance
Figure 39 . - .
Gy of the toral pulmonary msisance vih the cardiac
T howing the selavonsh pz ut 1n mrzl stenas

Case \og

tor or 1ov g oy 10670, 105 19 1O M mz my myg

201 209 {Append:v)
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Inverse relationship was observed between the total pulmonary
resistances and the cardimc output

lo0 [
8ot
1 slmonary
arteral *
mean s} . -
pressure
n mm [ *
«f Hg Lol <~
D)
2ol a3
)
" ket
1000 2000 3000
Total pulmonary resistance
1gure 40

Graph shot ing the relionship of the total pulmenary res stance with the pulmonaty
artenal mean presuré in m tral steno t
Case Nos 101 10z 103 104 10 10f IC 108 ton tio it1 11z 1§ 118 201
202 203  (Appendix)
Significant  correlatton was observed between the total pulmonary
resistance nd the pulmonary uterv mean pressure

Mitral resistance  Mitral resistince = Total pulmoniny resistance —
pulmonary arteriolar resistince
P\Wm
~ cardic output
(Mitral resistance mncludes the resistance offered by the left
ventricle duning diastole )

Sumlar relationship of the mtral resistance as the total pulmonary
resistance with the eardiic output was observed (Figure 41)

constant

Relationship of the mitr] reststance with the P\WVm s shown i figure
42 As the mitral resistance wncreases PWm  increases  proportionally
up to the plisma osmotic pressure level
Mitral valve resistance
{PWm —35) m mm of Hy,
Cardiac output m hters/min
(5 15 the assumed left ventricular distolic pressure m the
ahsence of left ventueular failure)

Mitral valve resistince =

x constant
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.
.
Caxd a¢ 4 R
output in - . .
liters per
minute .
2

Ago () 1200
Mutral resistance
Figure g1
Graph sh-wing the relation hup of the mutral rewsianc with the cardsac output in
mutral stenosis

Case \os o1 402 104 106 10, 103 19 110 13 1z 113 g n8 01
20 o, {Appendig)
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Figure 42

€r ph sho ing the relation hup of th m tral rev tance 1 th i e pulnonars arter af
N Ll mean pres we n miral stenosis

Clie Nov  1or rog 20 0% 10p 110 111 113 3 18 w01 20z (Append ¥
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Mitral valve resistance does not include the resistance offere
by the left ventnicle dunng diastole)

No seprrate graph for the mutral valve resistance 15 drawn be“c:;u
no ficant duff d from the mutral resistance une!

15 exp
1en”
there 1s elevated Jeft ventricular diastolic pressure 1s m mitral msuffic
or aortic disease or left ventmeular fulure

/]
Systemic  resistance  With a severe degree of mlt:a'l st‘fﬂjﬁs m‘h:
15 & shght drop in systemic p and 2 d

eardiac output

3
x

Cardiac 2
ndex 1n *
Itters per ® -
muntie
et sq A
meter

1

1000 2p00 3000
Y tuntc resistance
Figu ¢ 43
Graph hot ing the relation tup of the systemic fe stan ¢ Ul the cardiac ndex s

mural stenosis
Cae Not so1 102 03 0g 10y 10€ 107 18 yeg 110 131 112 1y 201
01 20, 20, fAppendix)

Tigure 43 shows that with the drop m the cardinc index the systemic
resistence mcreases  The correlition seen 15 quite consistent with the
theorehcal expectation  The ncrease 1 spstemie resistancy 1s probibl
mamly the result of the reduction m cardiic ontput and represents a
dimmution 1 arca of the systemic vaseular bed designed  primanly to
mamntun the perfusion pressures to the vital organs

Right Ventncular Pressare Work —

C 1 x 1055 (PAm — RAm) x 136

Total it bt vent pres work = 1000

Kgm /min /sq meter
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The right ventneular work spent m overcommg the pulmonary
(C1 x 1055) (PAm—RAm—PWm) x 116
1000 -

artenolar resistance =

~The night ventricular work spent g the mitral =
(C.T x 1035 (PWm —RAm) x 136
Yol o Twm—RAm) x A9
1000

The past of the nght ventncular work 1s used up overcommg the
pulmonary artenolr resistance and the pirt n overcomng the resistance
bevond the pulmonary artertoles (mitral resistance) Generally the major
part of the work 15 spent 1 mutral resistance except when the pulmonary
artenolar resustance 15 exhorbitantly high

Jar

Because of the Ingh total pul ry resist. the nght v
work 15 incresed despite the reduction i cardiac output  Ultmately a
stage comes when the nght ventricular myocardimm at afs maximum
pumping capactty 1s not able to cope with the wcreasing resistances  The
enswng nght ventneular failure therehy further reduces the cardiac out
put The pomnt of the nght ventricular fatlure also depcnds upon the

d of the my d and the presence or ibsence of achve
theamatic myocarditis

3r
Rught
ventnufar I
pressure 1
work sn Ty,
K gms per Y b bl
minute per
s meter hl
- -,1’ k2
y
A A SN S
1 31 f3 71 ™
S mptomatic grades acording ts the cntena of e Neu York Hheart Assocrans ©
higure 43

tic rades
Craph howing the nght ventricular pressure work i 4 d:""f"isi’;.'ﬂfg'f‘ 1c
accordisg ta th enitenia committec of New York farl e
1o '
G N0 jor 10 103 10§ 10, 106 10, 108 100 30 o s
18 ot 20 o s, (Aprend¥

grading, of the cases of mtral

1
In the present study a functiona de 11 only one showed the nght

Stenoss 1 was clone  Out of 9 crses 1n gra
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ventneular work higher than 1 Kgm /mu /sq meter Ouat of 10 cases
grade I and IV onl 3 showed their nght 1 entricular work Jower than 1
‘Figure 44)

When the myocardium 35 working at a diastolic fbre length greater
than the maumum reserve, efficiency declmes An ncrease 1 demand on
the night ventrcle at this time 1s reflected 1 an elevated nght ventrieular
diastolie pressure due to residual distohe blood not emptied by the
failing chamber The right ventncle 1s able to take up qute 2 high work
load even after the onset of fulure, as cin be scen from the cises of grade
1T & IV, but 1t does so with the decreasing efliciency

Durng cxererse the nght ventrcular work mereases very sharph In
patients with lugh pulmonary resistaces at rest the nse in the n|
ventncular pressure worh 15 very sharp

3
R ght 2F
sentriculay
pressure
work
K gms per

minute per

@ meer  AF

200 200 %o
Oxig n consumption ndax
Figure 4
Craph showing the merec e in the rnight sentiular gressure work with the nse of
oxizen con umpti 0 ndes dunng exeres € in mutral steno i3

NR Normol Ran ¢ adapted from Corbn et al v H Jour 19,1

The elevated pulmonin resistinces demind much higher work from
the nght ventncle on the shghtest effort n order to accomplish the
adequite nse m the cardiae outpnt Thus the nght ventrdle which 15
working on the verge of failure cn be thrown out of gears with mimmum
effort These demands made from 1 chamber already stressed to sts mr<t
mum captaity 1s the main contnbutory facter in producing the nght
ventnicular decompensation in cases of mitral stenosis
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Left Ventnonlyy Pressure Work —

C L1531 -3 b
1 eft ventrieular work = L N 35 BAm ;v(;:f\m 318 136

hg m /Min foq meter

{BAm 1 Brachual Artery mewn prussure)
(FAm 15 Temoral Artery mean pressure;

In a cose of mitral stenosis the tatdl Teft ventrienlar wflow . smalt
and therefore the left veatracle has to eject 2 smaller amount of blood
“Thus with & smaller cardie output left ventricle become 2 relatively
relaved chamber  Although the systerme resistance mav be hetle ngher
the left ventneular pressure work » shubth lower m rutal stenosis 2
rest than m the normal

During, exercise the left \entncular work chwnges we roughiy 1 wallel
to the changes 1 the cwdine mdex  {Refer figares 28 and 35)

DIASTOLIC FILLING PERIOD
AITRAT VALVE STENOTIY AREA

Distohie filling penod —

The magnitude of the dwstole Gllng penod was observed not {0
follow any definite rules Some bmes severe degree of miteal stenosis 18
assoctated wath shorter diastohe Slling, period than m moderite degree of
sutral stenosis and vice versa

Dunng esercise when there 15 a sudden nse 1n body demand to
merease the eardiac output the drstobie fllng perod dimunishes  Any
condition leading to tachyeardn curtmls the dustolic filling penod to that
extent It has been mentioned previously that anhke narmals any reduc
ton m diastohc fllng peniad wm i stendss will duminish considerably
the mitral vahular flow

Mitral valve stenotsc e —

rapsed regirding the valdity of Gorhn and
Gorlins hydrauhic formula * for the culeal tion of the trttral v e stenotic
aren  Nevertholess during the present study 3t wis believed that with an
ideal techmique and n cises of pure (mitcil stenpsts the formuiy l;;s q
fogical apphertion and one s not hikely to be too fir from the actual sizc

of the vajve In our expemence 1 clase chech was observed between the

However 1t
calel wmated by the surgeons finger
e e et 3 tve onfice bemp negulr st s

was t the mutry 2
rery well reslized tha e mutral valse wea by the surgeons

h. te of th
ard to get any ewnct estimate 8 B Bt the wavs the method of

Snger Ths 1s tnse even 2t Autopst

Questions have been
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alcuhbng the mitral valve weu by the formula wd the method of
mesunng the mitr il valve atet by the surgeons finger are subject to son
miceuracy nd therefore close agreement wis not expectet

The haemodyn e smplicitions of different mgnitudes of the mitrat
valve tea hve been discussed previousls  The nutral valve area, the
mitral yalve flow and the PV’ pressure are. very closely connected and the
mmediate repercussion of one on the other have been considered fully
m the discassion of the PW
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CHAPTER HIf

HAEMODYNAMIC CHANGES IN PREDOMINANT MITRAL
REGURGITATION

{Double mitral lessonst
Gross H1emodsnamies s Predominant Mitr) Regurgdation

Predommant mitsal regurmtanon  with iyl stemoss The pre
sent study cencerns the double mtral lesions  Pogable chinges m the
dvnamics of mitral msufficiencs m the presence of mitril stenosis 1S
duscussed

A severe degree of mitral stetiosis canmot st with o vere degrec

of mitral msuficiency and vice sersa Now 3 dvs with more and more
opportunities avulible to studs the mitral vabe by digitdd paipatior 1t
1g realised that there s a certun amount of mverse relatioushep obsenved
i the existence of rmtral stenosis and the mitrl msufficiency One s
the complement of the other *

The cnses presented here as of predomnant mitr 1 suthctency wert
diagnosed on the bass of the cimscal findings  electre cardiography
cardiac fluoroscopy and finally by the height of the + sne 0 the pul
monary artenal wedge tricing or the left utal trocng A1l the cases
were presented m the crdionascalar surgey conference of the \fon
tefiore hospital for proper ey luation In some of these mtral regurg
tation was confirmed by the surgeons fesln the reguegtant jet it siho
tomy \o one particular ctenont hefore vabotomy was taken as a sole
gnde but the over all peture » 1% taken min considerition 10 decide the
egree of mutral regurgitation

Changes m the arternl tree Both mitral stenosts and  mutral
wsuficiency if of sufficient degree il tend to reduce the left sentricular
aotie ejection  In the patients shserved the carduae gutput veas reduced
but the systolic and the dastobe pressures the arteral tree were nat
proportionally reduced  Therefore penpheral yasca-constriction W
ssumed

Changes 1 the left atnum and the left sentricle The reflax of
Blood 1n the left atram dunng the entricular systo'e InCreases left atral
volume and the pressure wi the left atnum 11565 durin,, ventneular systole
The elevated dnving head of pressure it the left atrium eontnbutes to
better left ventncular flling dunng the »enmeular duastole  In x mild
msuficiency the left ventricle with @ greater duistohe swe expels larger



106 CARDIC CALHrTERIZATION

total volume of blood part of which agun regurgitates through the méral
valie The share of aorhie discharge however comes close to normal
In 2 moderate to severe degree of mtral nsufficiency, the 1ortic uscharge
15 below nommal md the crdine output therefore drops

Stabuilnsed conditions 1re established s the progress of the Jesions
1s stopped  The left atri1l pressure and the carditc output become fred
at a certun level  The systemie output 1s cqual to mauht sentnealas
output

The mavmum regurgtation oceurs durmg, the systole ejection penod
of the Ift ventncle  Very Dittle of 1t occurs during the 1sometrie contrac
tion phase proto diastole and perhaps the begunming of the iometrc

relixation  The duranon of the left ventriculyr systole m mitral msuff
aeney 1s similar to that in normals
Chwges m the pulmonan,  arculation  The  merencd yolume

of blood proumal to the mutr1} vale 1 accommodated mamly 1 the
enlarged left atnum pulmonan vemns and also m the newl opened il
monary capillanies

Chiange m pressurcs a0 the nght atnum nd the nght ventode
The nght atnal venous pressure does not chinge due to the reguigtd
tion a5 a rule  The patients with mild to moderatc mtral nsufficiencs
obsenved m our senes did not have right atrial or nght ventncular press
ures or nght ventricular work values that were sigmificantly different from
the simultaneonsh obserscd gronp of pattents with pure mutril stenoss

Conclusion  The mutrd regurgitation induces m the left atrial pres
sure. which n tum patially breiks the amount of regurgitibon  The
meresed atnal volume when transmitted across the mutral vabe pro
duces a better left ventncular fillmg It h1s been shown i models that
the merease m the viscoscits of the blood the celenty of the ventncular
contriction nd the Jateral pressure effects on the mitral vahe reduce
the 1mount of regurgitaton® On the other hind m mereasc w the
aortic vahe resistance systumic resistance or the size of the regurgitant
ortfice will favour the amount of mutral regurgstation  Influence of car
dine ratc on the amount of regurgitatson 1 that the slower the rate the
~reater the regurgrtation

RICHI NIDED PRESSURFS

The discussion of the nght sided pressmes here s based on the
following, two pomts

1 With sigmficiet regurgitition only muld to moderate rmtral
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stenosis e enst because severe stenosis with severe regur
gitation 15 mechnicdly sncompatible  Generilly the mitral
valve arer when assoctated with agmficwnt regargitation
does not go below 15 10 2 om

B A moderate wmonnt of regurgtition of blood with + mtral
valve area of 2 om enlarges the feft wrum but does not
igmbicmtly ruse the PC pressure wy more th simibr
degree of mutral stenosis would do wid hence 1 does not
throw undue stress on the nght entek  However @
severe degree of regurghtion  when sssactted with 1
moderate  stenomss  cm create  snficant  pulmon iy
hvpertension ind strees the nght vaatncle tnouph to pro
duce pulmo viry vedemy wd/or peripher il eweul tory fadure
of a very sesere wnd ultum tely fatad degre~ Nop snch degree

of regurgatition w s studied i the present sencs

Rsght atnal mean pressure  In the absence of conestne Sl
the npht atrial mean pressure 15 found o be normal or nen rommd

Right \entncular dinstohe pressure  Ths 1 tonid 1o he O wnless
the nght ventncle has started fauling

Right ventricular systohe nd mewn pressure  In 3 mid degree ot

miteal stenosis when 1ssocated wath 2 moderatels sovere degree of yuld
vegurgtation s was observed m some of our cues the nght ventrieulr
pressitres were vmost sormat or somewht elesated provided the pulmo
mary arterolar reststinces we norml  On the other hand the nght ven
medar pressure o is markedly elesated when a moderite de ree of mts il
stenosis way assocrated with m nsigwfic wt degree of mitrl regurgtt
tm Thus the night ventricular pressure 35 13 wunly regulated by the degm;
of mitral stenosis wd the pulmoniry artenotar resistances  The oty
Tegurgitation probably plays 1 relatnely small role m rasmg “:ih pres]sure
e mgutade of the night ventriculir pressuze will be affecte tol A Jarge
measure by the degree of abstruction 1t s to overcome at the pul m‘cn wy
arterioles and the mutral vilve  The pressare s affected perhaps to a lesser
degree by the left ventneulwr fultre or the extent of regurgitition
PUELACONARY HYPERTERSION

Pulmoniry artennl pressure The pulmonaty artenal pressug“:n\s
observed to mise tocordmg to the degree of the mutril sleno,u: D n,i
exeresse the pulmonary astenal mean pressure hehayiour 1w ;'e atu u‘exl ‘
ovygen mdex arterio venous 0¥ygen difference and the cardine e has

been shown below m the graphs
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J € Imest 137
Case N ap apr 153 zaodst 4243 39 3 A

Compare with figares 19 20 nd 21}

(Append \

There was no aignificant difference observed m the general behnour

of the pulmonary arferni mean pressure u pure smitral stenosis (Refur t
figures 19 20 and 21) and thatn predomunant traf regurgitition (Refer
1o figures 46 47 and 48) but dunng excroise ® 1S expected tht the eleve
tion in the pulmonary artenal men pressute will be hupher s cases of
pure miteal stenosis than m cases of predaminant mutral msulfictency
PULMONARS SR (FRIAL WEDCE PRESSURE
The pulmonary artenn} wedge mean pressure de;
following —

peuds wupon the

1 Mitral Valve Area
Smaller the mitral valve are? hugher will
arterial wadge pressure

fie the pnfmonary

«  The mtral valve flow dermg the dhstohe filling pertod

The mutral valve flow here represé ats the total left ventneulir

inflow or the total left sentrcular  output mcluding the
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forward flow mto the aort: nd the retrograde flow through
the mitr1] valve The total left ventriculir mfow depends
on the duration of the distolie filing period and the degree
of mitral disease winle the total left ventrsculwr ontfon
depends upon the efficsency of the ventricle

Tot1) mitral valve flow =

systemic ontput + regmitited blood durmy, systole

The maunt of regurgitated blood forms generally 1 fraction of the
total left ventricular output and thereforc will affect the PW pressurt
frachonally In predommant mitral regurgititon the  ystemi outpnt
was observed to be relxtinely smaller than n the similir degree of muteal
stenosis  For 4 certain mitral yahve arer the effect of the regurgitation
is to cut down the aortrc outflow from whit would have otherwise oecure
m pure mtral stenosis with the sime miteal valie aren

The relationship of the PYW miessure wath the endiae mdex was not
different from that m pure mitral stenosis

»

1 utmon1y
reerat I3 x
wedge

mean 20
§ resure

mm of

He "

bl 2 5 35
Cariac fndex
Figie 1o
1 rlove nant m tral i uffrcier

Craph showine the Tik «f corre anen bew ecn the crrdine andex wnd the pulnicnat
artenal wedge mean pres ure

Case Not 1o 1,8 $1 12 484> 1€ g0 g9 iippendy)

Also the hehnviour of the PW pressure i relibon with the pulmenan
artery pressure wis not significntly different
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C(mndmn;, the height md the very shart dartion of the regargitant
v owate m relabon with the totd durtion of the ciwdine cycle 1t 15
beheved that the degree of regurgat tion as much 1 scén i the present
senies does not ffect the pressurcs n the pulmonary circa t to any grent
extent The PW pressure ippt wed to be munly due to the degree of
the mutral stenosis In ocordance wath that the PY% pressure 18 not
found wnusuafly higher thin what em neour from the simidar degrec of
ore mural stenosis alonc  The wmonnt of regurgitition m the ringe
Bserved in this sertes mav at s mavmum contnhute to the elevation of
the PW me-n pressure by thoat 5 to 6 mm Hy ¢

1am~Phvm GRADIFNL

As has heen pomted out before with 2 rcditnely small degrec of
Tegurgitation as much 1s 18 scen an the present study the pressore i the
pulmonary cireunt 15 rused to a small extent from the values thit can be
oblamed 1 2 comparble depree of pure mitrdl stenoss The extent of
the smll mse due to the regurgtation so both the PAm nd the PWm
below the pulmonary oedema lesel will depend upon the pulmoniny

attenolir resistance at rest
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Thus the gradient PAm — PWm depends upon mawly the pulmonary
artersolar resistance and not on the amount of regurgitation

The relationship between the PAm and the PAm — PWm gradeent
shows that all the cases except one having PAm lugher thm 40 v Hg
had the gridient PAm —PWm greater than 10 mm Hg

400,
80
.
Pulmonary
artay = hd
mean [ *
pressure »
m mm * »
of Hy hol-=""7
£ »
20}
x
L__L
20 4o [
tule ot man  lulm an sedoe memn
g e g
I redominant nntral 131 uffic eney
Giaph hovan, 11 sedar n bip of the differeace bets cen the [ utmonars aredy mon
presur and fhe pulm miry arters s odg mewm pre oure wni‘ the pulmonary wlelt

mean pressure
GAeNe 13 v E 12 vy a3f 41 52 32F 4,3 r 4 FE g
PEIFE R R PR R A
The gencral behwsour of the gridient of PAm —PWm i relrton
witl the PWimn s just the same 1s 1n pure mutral stenosis
Thus the other fictors ficcting, the PAm —PWm grihent e no
different from pure mitral stenosis
ONIGEA LUNSLMETION
ARTFRIO—VENGLS ONYGEN DIFFERENCE
CARDIAC OUTILY
Oxygen eonsumphion —
Tissue demand for oxygen remuns the sune wrrespective of regurgt
tation  Oxygen consumption at rest m cases of predoninant regurgitibion
has been found within the normal range

During exercise oxvgen demand goes lugher  depending  upon the
degree of exercisc  However at 1s the impression that 4 greater degree
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© ot the pulmonary arterial welge mean prossi ih 1kt Py monary
atenial wede mean pressire
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of voluntuy restriction 1 effort 15 ot ted on the part of the puents
with predommmant regurgitation

Atteno venous ovygen difference —

An astnio venous oy gen chiference 1t Test 15 usualhy found shghtly
Iagher than pure mutel stenosis m order to make 1 reciproctl adpustment
with the dumnution m systemie outpnt Durny, exercne the cardre
output showed 1 tendency to 115 relatively less than an pure mted stenosis
5 compared to the ovygen consumption Tissue estrachon of oxypen
from the wailable blood goes wordm ity Ingh resulting m 1 tngh arterto
venous difference

Cisthao putput and Cardrie index —

The totat Teft ventrculwr output 15 preater than the effective cardiac
output as a part of it 1S directed bach through the mutedl vahe Ina
compensated cardiac prrent the cardrac output {or effectve cardize out
put or the rortic output of the systermc output) has to be equal to the
nght ventnicultr output  The averite

cardiae or cirdsac sadex m ths
group at rest 1s shghtly Jower thn seen 1 stmit e degree of puse strat
stenosis
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100
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Owigen Consump 1cn Index
Togure 53

Tredorunant mtrad 1 sufficiency
Graph hoving i rclavonstip of the Artenio senous <Ajgen difference wiih e
» OX¥gen con UmMph y ndes at yest and dann, everor e
1 proportionate elevanan of \ — v difference dunirg ¢ crac 1 sen
S RN ) range
SR E Nommal fane dunng exerose
e S 645 1
ity gz {\ppending ' ! $1 b
The munteninee of the dem mded cudiie output 1s :Atteml"ed
probably by the complex mechimsm m the neevous sustem  However the
svstemie output can be ffccted m double mutr )] lesion by the followm”
Fretors —

1Mt valve stenotie Fretors

1 Mitral valve régurgitant factors

nt Left ventnculir ¢ffictency

1 Right ventricular efficiency

v Systemic resistinee

vi Total pulmonars resistance
\Mutral valve stenotic factors  These factors reduce the systemic ont
put diminishing the tota! left ventrsculir wflow The tatal left ventricular
wnflow s affected by the mitrd 1 stenotic Fretors e be diseussed
v considentng, the formuly ~

At Val Flow {Total IV Inflow,

Dias Fill Persod x 31 « V PWm — 5
ac Mitral Valve Flow = \fitra] Val Steno Arex x Dias Fill Period x 31
vV PWWm —3

AMatral valve stenotie arcr =
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Iredo pnan murat vsuffie oy
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mix dunn  evero ¢
(\ R Normal Range
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40 46 (Appendiv)

[EE L

depends upon the totdl

Now the systemuc output (the curdizc outputh
wving three

left ventricular 1nflow which i turn depends upon the fcllov
Fetars

Although the mtryf vilve ste
rotic area does not diectly fect the systeme output but
it restricts the total left sentniculr stroke volume nd s
unable to compensate for the yegarpitation To tha extent
therefore the degrec of mitnil stenosis contributes 1o the

reduction v the systemic output
b Dustohe flling penod No dcfmte proof 15 walable as
to be able to decde whether the dnstohc Slling period s
he double mutral Jesions from

any different m patients with ¢
those havmg pure mir stenoste of simlar degree

¢ PW pressure A iscussed previously  the PW pressure

11 double nutral defect does not nse to unasua] degree of
pure mitral stenosis The height of PW’ pressure 1s mamly
_mded by the seventy of stenous  The tccomphshed m

T Mitral valve stenohic rea
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tre e - the magmtude of the PW prossure due to the
1ssociated regurgitation 15 not adcquate enough to elevatc
the total left ventrieular mflow 1n order to compensate for
the mount regurgitated  During exercise 1n pahents with
double mitral Jesions the degree of mutril stenosis affect
the total left ventricular nflow 1 the s1me war as In patient.
with simile degree of pure stenosis

Durmg tacycudiv of exerase the diastolic fillmg penod
decrerses md the PW pressure nises depending upon the
degree of stenosis However this rise m PW pressure »
not enough to fully compensite the Fill m the distole it
Img, penod  The totil left ventnculw mmflow therefore
dunng the ventncular dinstole will be reduced There &
teduction 1 systemic output m proportion to the overadlt
reduction m the total left ventricular mflow This much
reduction m the systemic output 15 the contsbution of the
mitril stenosis during evercise 1 patients with the double
mitril Jesion

n - Mitral valve regurgitant factors  From the total volume of Jeft
veatricular blood certun amount of blood 15 devited through the mitrd
valie by way of regurgititon  The systemic output therefore suffers 1
reductton by the wnount regurgstited

Svstumic output = Total LV mflow The amount regurgitated

The total left ventncular mflow (same 15 the total left ventrculir
output) 1s munhy contralled by the tota] mitral vabe arer durmy, the
ventniculn dustole hewise the amount re gurgitated by the mitral sahe
regurgitant ared duning the ventncular systole  The factors affecting the

amount of blood regurgititing e be best discussed by considering the
followme formuls

The amount of blood regurgtated

SEP « 36« V' Bri Art Sy5 mewn — PAm

MV Regurgitint Areq =

OR Amt Regurgitited = \[% Reg Arer x SFP x 86\ Brr Art
Svs mewn — PAm

Thus the mount of bload regurgatatin,, depends upon the followng
v The mitral valve regurgitant aren The amount of regurgt
tiing blood mamiy depends upon the mutral salve regurg
tnt arca It has been shown® that the volume of blood re
gurgitating has almost Jmeir comrelation with the mitral

vilve regurgitant aren
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b Systohic ectson pood Thas pertod By not been obscrved
to be v different in doubile bl lesions from the sumidy
depree of mtrad stenosis

¢ Truws s dvalic pressure pradint  The trms aatrd pressurt
sridient (between the lft atewam nd bt ventacled n fu b
because of elevated 1t atrl pressnc wdes some other
factor 15 assocnted whih rises the posspherit resistince
and thereby the left ventncular svstohe pressure

Dunny, exerase the trms vabvalr pressare or whent quite
urge 1t rest a small change s it dous not deer the veguri
titing volame of Blood sigmbowmths The t chveuda of
effort wicre 15es the systohic egection penod considerably and
this 1o turn ruses i regurgtmt flow as well s the swste

e outptit  But the rise m the wstemie nutput occurs to
A lesser degree thw what ¢ ate w ath @ samlawr degree of
pure mtr il stennsis beews of the undue Joss from the fotd
feft ventricular solume by wav of rogurgitation Although
no apparent relwonshep condd be fouud hetween the svic

mic output wd the wnount of repargttition the pabents
with double mited defects e ffected much mare wlversely
m thetr systermse output durm,, effort

a Left ventneulor effoency This o cqumally wmportust w the
muntenance of the susterme output The left ventneulu capenty s
bigher 1 the presence of matral msutfictency Within the physwologic
hmits mcrensed Jeft ventnculw pumpmy ability 1 not deguate enough
to compensite campletely  Vaym, degree of reduction m the systemic
output therefore 1z obseried wn the present scries *The deyrec of regur
Bitation 1ncreases the worh, loid af the lefe ventricle markedlv md there
fore 10 the face of mereased dem:md from the left ventncle the teft
entrieular work gamst pressure 1nereascs

The left ventmcle witomicdly wd physiolo.sc dly wn the most
efitvent chamber wd cm stind np to gredt demnd Considerable degree
oF mreased lord cw be taken np by the Teft ventncle without Ty, the
ft ventnenl e distolic pressure The time factor dursti, whuch mtet

the left
regurpitation aver 7 long period  gives nough time to
. b b The mtral regurgitaton  of

ventrle to dp o the new demud

sudden onset 1s)cl§\tmil) 4 diffierent problem Rurely the mitients d;\rmL
mitral valyotomy dhe beciuse of the m ity of the lef ventricle ‘to
t0pe with the sudden crewwon of mtrd regurgihibon resulting, m;: the
systemuc output mashed befow levcls compable with lfe t;\er
theless when the left veutsscle siurts fubmg becanse of the 1d“f ¥ );:u
Mt cyrdity or ats mability to tike the Jord the left sentricalr dhs
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tolic pressure goes high and to that extent the PW pressure 35 elevated
which may at 2 pomt result nto pulmonary cedema

n Right ventriculwr cfficiency A pure mitral  stenosis tends to
lirut the left ventricular mflow sparng the left ventncle at the evpense
of the night ventricle but in double mitral lesions the Jdemnd from the
night ventricle for the ejection of blood 1s less than i pure mitral ste
nosis  The nght ventricular output 1s equil to the systemic output
However the right ventricular pressure work 1s lower m cases of double
mitral defect than 1n cases of similar degrec of pure ymtril stenosis
Although the pulmonary pressures may be shightly Iigher due to the
regurgitation

v Svstemic and nortic valvular resstances When the total systemc
resistance 15 lugh for one reon or the other 1 part of the left ventrcular
energy 1s spent n overcomung the high friction due to the resistence
The systemic output therefore 1s more lmited Besdes with Tugher
systemic resistence the systohe ejection penod 1s prolonged and the
trans valvular systolic pressure gradient 1s rused  These wall lead to the
ncrese mn the amount of regurgitating blood When the ystemic 1es$
tance 15 dimimshed the sime amount of left ventricular energy becomes
more productine 1n terms of systermc output 1f the mtral msufficiency
15 associated with the aortic stenosis the left ventricle has to overcome
tlus obstruction nd therefore the regurgitant onfice gets the preferenc®
over the aortic onfice 1 the distribution of blood from the left ventric’e
The nortic output 1s dimimished to that extent

vi Total pulmonary resstance The totil pulmonary resistince acts
as a check to the nght ventnculir output In double mitral lesion
the elevation of the tota] pulmonary resistence em be attnibuted to the

followmg factors
a  Narrowed pulmonary vsculir bed
Obstruction due to the mutral valve marrowmng

¢ Incrersed blood volume m the left atrium due to the bick
flow through the regurgigiting wmiteal vahe

All these three Factors are actne 1 combmed mutral defect while
the first two only 1n pure mitral stenosis  The nght ventricul e output
and hence the systemic output are curtuled relntively more m the pre
sence of regurgitabion

Conclusion

\Mitral stenosis by 1tself checks the systemic output hy lhmiting the
total left ventncular wflow  With the given degree of mutral stenosts
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the systemic output 15 further reduced by the mral regurgitition pro
wded other Factors discussed shove remam the same  As the stenosis
increases the totaf left ventmcular mflos decre ses As the regurg
tabon ancreases the systemic output decrewses  However marked st
nosts ard marked msufficiency wre matomierlly mpossible i the sunc
patient

Thus as fr as cardiac output (systemuc output} s concerned  both
miteal stenosis and muteal regurgitation when associated have 1 tendeney
te worsen the effect of the other

VASCULAR RES5E ANCES
RIGHF VENTRIGULAR FPRESSLRE WORK
TEFT VENTRICLLIAR PRESSLRE WORK

Pulmonary artersolar resistance  In general the pulmonary trtenobr
resistance 15 not observed to be higher than those with simslar degree of
Pure mutral stenosts
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stenolir resistance vuth
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u shThe relatxonshl%_}’ The Ppmcnti hawving pulmonary artenobir r’bsxs‘
tanceml;“I . i%(‘)ﬂe d’PW’m below 20 had mtral reguryta’hon nw:tﬂmex:r
an: . :
lefy venez;,);‘,’,hr enlargement fluoroscopreally  The patients having

with  the
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PWm above 20 had mutrl regurgititton with left ventricuhw enlarge
ment fluoroscoprenlly  OF the Itter group those htving their pulmonuy
artenolar resistances above 400 also had fair degree of mitr) stenosis of
some durition It 15 beleved that enlarged left ventncule 1s bhely to
hwe the diastolic pressure ligher than O ind therefore contnbutes 0
elevating the PWm pressure  The assocttted mutral stenoss as well as
the state of left ventriculir myocardium ppeared to be munly responsible
for the mcrcased pulmonary arterrolr resistances

If the regurgitation 1s severe the left ventncular Fulure results into
significantly elevited left ventricular diastolic pressure In that case
the PWm pressurc has got to be elevated m order to purmp punst the
Iugh left ventriculir diastohie pressure which m turn will rase the cues
tion of protection of pulmoniry cipillaries nd thereby augmenting the
pulmonary arteniolr resistinces  The clevated pulmoniry artertolar resis
tinces i double mitril lesion can be attnibuted to the following

1 Associated mutr1l stenoss

b Back thrust m the left atnum due to regurgitation

c  The state of the left ventniculir myocardium  (or the degree
of lcft ventriculir fulure)
The pulmonary arteriolar resistance was observed to have no relation
with the imouant of regurgitating blood or the systeric output

«
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Cardiac Index
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}ulmonaty arteniolar fes tance
Figure 6

Lredomiant mitral visufficiency
Craph showing the rclation ap of the pulmonary artcriolar rewistence with the card 3¢
index

Case N~ 151 U5T 26 129 30 4ol £ 43 4ol 42 46 1 48 44 A
4
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Unlike pure mitrdd stenosis lach of my correlation 1s observed be
tween the pulmonary artennbir rewstance and the cirdiic mdex {syste
mie wndes)

Total pulmonan resstinee  Althouph the mutral regurgstition docs
not sigmficantly after the prossures 1n the pulmonasy crast 1t dwmmshes
effectnely the systerme ontput  The pulmonwy pressarc » not shle to
recomplish the systeane ootput 15 mueh 1 st can an cise of pure mtrd
stenosis  The total putmonary resstance ppered to be hihes than n
smbar degrecs of pure mtrl stenosis

The systemic output showed a tendency tv drop 15 the tatal pulma
iy resistince mmereased  The pulmonary tery mean pressure showed
a tendency ta e s the total pulmontry resstunce meres ed

100
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Graph shos g the vuat o dup of the 1 13} p Inonavy r6s JEREC with gt p Imenary

anen | mean pres wie ,
Lae \a T T AR L R 49431 £' B
459 4% 41 42
v npht
The correlthon 15 not 1§ good 15 1 pure mated ﬂcnnsx\\x“c"l;] ;{ i;),(.
ventncle here 15 workmg agunst the higher 1esst mee ol of e

nght ventricular pressure worh 1s spont o mantunmg the o

the mitel 3 ilve rather than i propelimg the blood

Mitral reqstance  The mutnl reswtwce was obxcnt"{vmhbel S(‘I‘ngllxllgi-
igher than i 1 simidar degree oé pure mmr :;,:::;:::'sto d)‘; ﬂ‘ow both
mited Jesion the smsteal valve offers some 3 iy
d‘“’"’g the left ventneular diustole and the Hij‘em:l,:etdi:[: ‘j::::mn\:mnk
the ventncular systole the regurmitabng blood a0
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Cardiac output

.

Tofal pulmonaty rest tance
Figure 58
I redommant mytral ansufficiency
Graph showing the p of the total p y roustence with the cardiat
output

Case \OS 3,0 E5r By4 1y, 226 227 2 Y ogy 42 11 40 455 47
49400‘6‘;(: 729 3 H 2 43 b

tains the resistance offered to the flow from the pulmonary cireutt towards
the left atrpum

The PWm showed a gencral tendency to mse up to the pulmonary
nedemn level as the mitral resistance mcrewsed  The svstemic ontput

3
.
®
N
v
I -
Cardiac output . ¢
‘- = %
»
3 » M
o
e 3% “TZoo

Mitral res: tance
Figure 59
FPrelmimant mitral imsufficien y
Graply showin~ tle nutral ye ience sn relauon to the cardiac ewput
Case oy 10 153 1,1 15, 0 29 7D 4ol 47 43 11 4
400 462

46 47 42
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Iredominant mtral wmsuffrciency
Braph showing he retar onship af tle mutnal resistence with the pulmonary arterral
e mean pressure
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showed g tendency to drop as the mtral reustance increased up to a cer
tam himyt

Mitral valve resistance  Mitry] valve resistance here s much fess
Myor part of the mutral resistance 1s left ventricular resistance because
of fugh dinstohe pressure m the fuling left ventricle

Systemuc resistance The systemic resistance appered to be further
elevated from those observed in 4 stmilar degree of mitral stenosis  The
7se m the systeme resistance 1s 10ughly parallel to the i1l in the svstemic
mdey

The general behnviour of the svstemic andex s smminr to that n
Pure mutral stenosis

RIGHT VENTRICULAR PRESSURE WORK
= Cardiac Index<{PAm — RAm)

Right ventnculur pressure work
X constant

Althougly the pulmonary pressure is elevated m predommwt mitral
nsufficiency the systemic index 15 reduced as campired to thit m pure

mitral stenosis
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Predomnant mstral snsufficrency
Graph showing the rclitionslup of the systemic res stence wuh the cardiac adex

Case No:
A I T e

The cirdine mdey or the systemic index which 1 equal to the nght
sentricular index) 1s further lowered from that w equal degree of mtrl
stenosis - The night ventnicular pressure work performed therefore was
lessan thus group  The left ventrcle here sh wred the brunt of the burden
Among the patients in group III* according to the functional chssification
of the New York Heurt Association 9 aut of 13 showed their rght ventn
cular pressure work to be less than one s compared to 3 ant of 9 pure
mitral stenosis

The nght ventncle 1 prtiidh spared partly because of the dmmish
ed pulmoniry flow and putly beciwse of the relitively low pulmonary
arteniolr reststaince A sigmificant portion of the nght ventricular pres
sure work 15 expendcd m kecping 2 check on the mitial regurgitibon
during the left sentricultr svstole and the rest of the nicht ventncular
pressure work 15 used up i mantumng m adequite pressure head on
the mtral vlve i order to fill up the left ventncle durm the diistale

Another wy of Jooking at at as that the Ingh kft atrnl pressure
putly muntuncd by the regurgatation Depending upon the wmount of
repurgitition the danand from the nght ventricle is merewed Whenever
the wmount of regurgtation increases the night ventrcular pressure work
also tends to incretse
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[ T
FEF1 VINERICLE AR PRFSSURE WORK

The part of the left ventrioulw presure work 1s spen wm epechng, the
blood through the aorhe valve nd the put of it m regurzinung thyough
the mitral yilve The totdl kit ventnoulw output s greiter than the
carduac output 1n normils undess the left ventrscle 1s fahm,, 1f the syste
me ressstance 15 normal nd of the it vifve i notmal the left ventn
walar pressure work depends upon the total ekt wentricnlar output ar the
total left ventricul mfow which varies s the mitn vihe arer Thus
the left ventrrondir prossure wotk s greater with the groaer total vane
WL With e severe degree of reugitstion more than 507 of the left
ventneulw pressure work can be used up m regurgititing the blond
thiough the mute s e

The effective left ventnonlsr pressure worh in respes
of blood wta the aorta depends upon the degree of regur
Pagmtude of the systerme sesistwce

SYSTOIIC ¢ {FCTION BIRIOD

NITRAl 1ALVE RFCURCTTANT ARER
Systolic ejection period  The regurgitation aecues durmy, the Jeft
\entrienlir systale  The systohc cjectian periad 14 mewsured generilly
From the brached] wrtery traoang  The reguspitation reslly stues shghthy
before the apenng af the o1t valne wd continues shghtly after the
clastize of the artic yahe These tume differences are only 061 to 002

et to propelling
atition and the

e
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:
seconds particularly m cases of igh left atrial pressures  Measurement
of the systolic ejection perod from the brachial artery tracmg therefore
will not be affected sigmficantly

Dunng exercise as the diastolic filling period decreses the systohe
ejection period mereases  The changes i the left atral pressure nd other
factors changing during effort will counterbalnce the merense in svstohe
gjection peniod

The rale of the systolic ejection penad will be evident by loohing at
the formula for the mitral valve regurgitant aren —

(MVAXDFP«o7VIWA-8
— Cardiac outpt

Mit Val Reg Arens ——————
< S E P x8 ¢« VLV Sis mewm ~ PWm

{Plese refer to part I chapter 7)

Mtral valve regurgitant awren  The considerntion of the cffect of
vaurying migmtude of mitral valve regurgitint wea on the other aspects
of the dvnimics hase been done 1n the course of the discussion preuoush

Conclusions

1 The size of the mitral valve 1egurgitant aren by atself does not
elevate the pressures wywhere i the pulmonary circwt to anv
degree of consequence

2 The effective cardinc output or the systemic output 1s reduced
sreatly by the degree of regurgitition

3 The nght ventriculir pressure waork s less than that m a smilr
degree of the mitrl stenosis

§ The Jeft ventncular pressure work 1s more n regurgitthon as
compared to thit m 1 sumular degree of mitral stenosis
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CHAPTER 1V

HAEMODYNAMIC BASIS O SYMPTOMS AND SICNS OF MITRAL
DISEASE

Many of the symptoms mnd the chmel signs of the mitral disewse
are the result of the pulmonary con estion or svstemic congestsan ar hoth
Amongst the paents with simifer dicease one mav hwve more of one
symptem than the other The rcason for the precedence of one svmptom
aver the other with symiderly derwnged haemodynamcs 3 ot hways
tlew  Nevertheless there s alwass a phisiologie basis thaut the cwmst
o of any one symptom

An attempt his been made below to correlute the chmed prcture with
the altered hremodynames —

Symptowms of Pulmonary Congeston  (Exertonal dyspnoea orthapraca
and parotysmal nocturnal dyspnoet)

Ths group of svmptoms b more muked n predmmant mit it
stenosus than e motral msufficency It s diffiesdt to evaluate this
subjective group of symptoms  Although no clase corr Jation can be
etpected hetween these essentyilly subjectnne feeng, on the part of the
Dattents and the underly e physiologic desangement W altempt hs heen
mada to show the generat of the ret hip of these symp
with the altered physiology

Role of pulmonary artery pressure  The pulmanary artert it mean pressure
1s abserved to have 1 rough correlition with the symptoms The symptoms
of the pulmonary congestion have been graded as follows —

Gride 1 Shght evertional dyspnoer without  arthopnoea  or

prroxgsmal noctarnil dysproct

Grade 1l Marked excrtonal dyspnoes with shght orthopnoes and
pasysmal nocturnal dyspnoea

Gride 11 Dyspnoea on the shghtest exertion durn,, the routine
activities with two piflows osthopnoer and weersional
pwovysmil nacturnl dy sproe

Gride 1V Apparent dyspnoes even at ¥ t three to four pilows

orthopnoer and frequent attacks of paragsmal nocturaal

dyspnoea
Y
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Figure 61

Crades acce rding ) ssmptm o f pulmonan wnge tion
} redomypant mitrii stenosis

Craph howig the Felanon hip of the annnan artcrial mean pres ure § ich the grades
accoraing 1o the smptom  «f pulmonan ecngestion

A group of cases with fov P AR (Pulmonary arrenolar rewstances) has been howd
v 1th arras <

N Normal ¥ o grade 1 o2 ¢ g

Cases Nos 101 101 4op 10, 100 13 5N seg nie gtz HY

e M
N8 a1 03 s o, 40 g0 408 fog §10 §1 41 ne

Figure 63 shows that the group of pitients having marked symptoms
of pulmonury congestion with moderateh elevated PAm hid low pul
monry arteriolar resistance

1t 1s noted from the fiyure 63 wd 61 that m mutral stenosss the
svmptoms of the pulmon iy congestion increase from 1 o 4 plus as the
polmonars artersal mewn pressure rses whereis i predommnt mitral
insufficiency  relatively higher pulmonary artennl mean pressures e seen
for the mulder svinploms of 1 to 2 plus pulmanary cangestan

Rwnge of PAm n Rwge of PAm m
mitrd  stenosis  m predommant  mitral

mm of Hg msufficiency i mm
of Hg
Grade 1 13 to 22 22 10 61
Grade IT 26 to 46 26 to 56
Grade HI & IV 23 to 64 —_—

Table showmz the comparaw ¢ {xures m cases of predom Wt
smtnal stenoets and prodominant mitnl n uffiomey as yefaged 1
the svmptorns of pulmirary eongesyen
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Figure 66
Iredommant mutral nsufficiency
Gragh howin, fic 1elstion hip of the pulmonary artery mean pre sure with the fen¢

tional clasafi anon an four gico]  according ‘o the critera committee of the hew
Yok Heart Association

CaeNo T YDt e A5 0 Gl b 6 A 18 49 460 40
2

Good correlation 15 observed 1 mitr1) stenosis group only breaws
w mutral imsuficsency the function of the patient 55 himted by further
reduction of the crdrac 1dex

Range of PAm m Ruwnge of PAm »
mutral  stnosis @ predommnant mitrl

mm of Mg msuffictiency ;. mm
of Hg
Group 1 13 to 28 —
Group 11 17 to 50 17 to 46 _
Group III & IV 10 to 68 22 to 85

Role of pulmonary arterial wedge mean pressure —

The weneril tendeney of merewsing, dyspnoea with ¢ nsing PWm
pressure 15 noted in the figure 67 In the pitents below the oblique lne
with 3 to 4 plus symptoms as shown 1 the figure had reltively Jow
pulmonary artenolar resistances  This group therefore 15 beheved to
be hnwing disproportionately more symptoms with comparatnely Jow
PWm pressure

Although 2 small group the patients with predominant mitral
suffciency  showed that with Ingh PWm  svmptoms of pulmonin
congestion were rehitnely mild It 1s interesting to pomnt out that ths
particular group hwving Tugh PWm had only moderutely elevated PAm
and the gradient PAm — P\Wm w s rddatnely smdler
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Framary arteriolar res stances
T Shyht Svngoms on e val oF nt
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L wedged catheter in a pulmonry artenole reflects the cyche changes
i the left atnum 1 * L Sundarly « wedged
catheter 1n o pulmonan vemn reflects the cyclic changes m the puloionry
ey ' The actual pressure m the pulmonary capidlnes therefore
showld be somewhere 1n hetneen PAm and the left atnal mean pressure
In mugrq) msufficieney the PWm nd therefore the Teft atnal mean
Messure 55 putly the result of the left ventriculir svstolie rutrl regurgn
B0t steevm The puimonury cypli wes therefore get 1 part of ats
Pressure head from the left ventricle vt the left atnum nd the rest of
the Pressure head 15 denved from the mpht ventncle v the pulmonar
lenes It s hypothesized therefare that the actwd pressure i the
Plmonary capllanes n mutril msufficrency 15 closer to the Jeft atrial
MeN pressure  Where as n mutral stenosis the pufmonary caprffaties
derne g pressure head from the nght veatricle via the pulmoniry rtenes
1 1ts entircty and therefore the pulmonary oipflany pressure should be

4 pua tad i d Tyl
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Graph shos ing the 1clation hup of the pulmonaty arteral wedge mean pressure 11
the fous grades of tasyn ca °
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closer to the pulmonary wtery mewn pressure Therefore for 1 fred
PWm recorded the swtuil pressure m pulmonary eypllwes m tral
stenosis will be hsgher than that wn mutral msufficiency Thus for a0
equvilent imphtude of PWm pressure or the Jft atnal mein pressure
the symptoms of the pulmonry congestion e more n putril stenos's
than m mtrii insufficency

Role of mutra] valve aren —

It 15 now well known that the ssmptomatology m mitral stenosis 18
munly the result of two factors vamely the nurowmy of the mtril
opening, md that of the pulmon iy artertoles

Shown m figure 6915 the rehtionship of the symptoms of the pulmonin
congestion with the mt U vilve wer  The result 18 mare o less sumlbar
to thit obtuned by Gorhn '* The pittents with 1 relitncly g mtril
valve wer of 105 t0 2 am i the pulmonany wrtenolr resstince below
166 had only mild or 1 plus symptoms of the pulmonin congestion  AS
the mitr il vahve arc 1 dumimished from 103 t 105 cm? causin, furly severe
stenosis the pulmoniny rteniolar resistince nises shghtly from 140 to 440
Thus 15 consilered 15 the transition stage when the mitral valse 15 pretty
tsght but the pulmonan, wtenoles did not get 2 chinee enongh to nere e
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the resistance for its own ptoms of con

L
§estion therefare 1ncrense aulckly to § plus and the patients s stage
may get paroxysmal dysp and the pub y aedema too Following
this stage the course of the discase becomes steady and the mitral valve
ez remams around 05 cm?  Ho e pul 1 gels
e to butd up the resstance and the pulmonary arterifar resstance

ncreases from 440 to GO0 Fhis s + e pul y capt
d therefore some s the syrep (2 plas) of the pulmo-
ated pulmonary arteniolar resistance
neseases the right ventncular load and the nght ventrcle begns to fad
Ris now a days chmcally well recogmsed that w the course of the
Mutral stenasts leading to the pulmonary hypertension of post capillary
ongm  there 15 v all of the pobmonary with
the onset of the nght ventricular fadluse Swch apparent th"""fmm!’
;‘;&e nﬁmm cousse of the diele rkﬂ er ’smgress of the disease,
xth 5
the eit erapeutic mfasures Wxtixmtlh?m& o P b 500 1o 1440
and the signs of the nght ventrenlar Fafure become more marked The
Casdiag output wn ts stage 15 further reduced and there 15 onset of easy

fatgue and the dyspnoea together

P
baty congestion occurs The elev:
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The followmg table concludes the findings as related to the symptons
of the pulmonary congestion —

Range of mutral Range of pulmonary
VZIIVL area cm? nrtenohr resistance

Grade I (1 plus) 105 to 20 cm? Below 160
Grade I /2 plus) 05 to 105 cm® 440 to 600
Gride I & IV
(3 to 4 plus) 05 or less 140 to 440 or
600 to 1440

Paroxysmal nocturnal dyspnoea

All the patients having the lustory of parotysmal nocturnal dyspnoea
fell into the range of pul y artenotar r of Grade 11 and IV
te between 140 and 440 or between 600 and 1440 and had mitral vahe
area of 1 plus mmus 05 cm?

Orthopnoea

Orthopnoea generally occurs Jate i the course of the disease Al
the patients with history of orthopnoea fell into Grade IV In siting
posture the nght atnia] pressure and therefore the nght ventricular output
1s lover This 1 tun lowers left atnal or the pulmonary capillary
pressure resultmg into diminished pulmonary congestion

PULMONARY OEDEMA

ly basis of pul v oedema —The attacks of pulmoniry
oedema in mitral stenosis are much more frequent than m mutral snsuff
cency becuse left atrial mean pressure 1n mitral stenoss 1s higher than
n mitral insufficiency of comparable degree and also left atrinl pressure
in mitral stenosis tends to nse more sharply dunng exertion  The pare
xysmal attacks of pulmonary oedema occurs 1 about 107 of all cases of
mitral stenosis 7

The und ding of the h d basis of the pulmonary
oedema 1n mitral stenosis hinges around the concept of inter relations of
several factors with one another namely the pulmonary arterral wedge
pressure (pul y capillary p rate of blood flow across the
mitral valve and the extent of mutral stenosis  If the required effective
hydrostatic pressure m the pulmonary capil'artes needed to mamtan the
necessary rate of flow across the mitral valve s hugher than the assumed
pulmonary oedema Jevel transudation can occur and the actual pulmomry
cedema may develop provided the high pressure 1s mamtained for long
enough time
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The pressure flow refation ot vamous valve sizes m pure mutral
stenosis can best be understood from th cunes below —

ooy & cm 4}-»‘
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blood fuw e
acon the #
mal yahe H
mee !
per dastotic 200
econd
4
i
et
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Pulmonary capillary presute for a norral mial valie area of ¢ to 6 cm?
Fgue ¢
A Theorcts al
Tah showing the relationship of the rate of flow across the mitsal vase 18 cc
diasto 1c yecond  with lhc‘;)u]mon:uy capAlary pres urc for a mormal muks 1 var\’g
Heaf 4to6cm
(Adapscal froom Gorbn e al
MR Normal Range

AU Jour 1a 1) (17)

(Although 1t 15 realized that the PV’ pressure g not evactly

equal to the pulmonary capillary pressure it1s beheved Ithat
the P\’ pressure 15 a very close mdex of pulmanary captiluy
pressure)
The rate of flow across the mitral valve 18 the et amount of blood
mee fowing mn the left ventricle durng each diastolic second  Normal
fange of mitral valvular flow consdered 15 150 to 250 cc¢ When the
mitral valhe size 1s g the normal ruge of 4 to & cm® small nise in the
PW pressure can foree Jarge amount of blood m the left ventricle

cm? as shown m figure 71 normal
but the pulmenary reserve 13
{Fort may rase the pulmonary
to a level higher

With a mitral valve size of about 24
mitzal valve flow can be mamtamed at rest
15t The need for additional flow dunng ¢
“pilary pressure as reflected through the PW” pressure
than the ! level p the pul ry

Ina \ath 2 miral valys area of 14 cm® adequate
itra) ﬂcz Osdbe&ntcc;mni:os:m:tmned without rmsing the pressure d:o pul
Monary cedema level No symptoms therefore may occur with these
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Pulmonary capillary pressure for mutral valve area of 24 cm?
Figure 7

Theoretical
Graph showing the relation hip of the rate of

blood flow across the mural valve l‘:
cc_per diastolic second with the pulmonary capillary pressure for a moder
mitral stenosis of 2 4 cm? ralve area

(Adapted from Gothin et al A H Jour 19,1) (+7)
NR  Normal Range
p of p y L 4
600
Rate of
blood flow PRy 14 om?
across the P
mitral vahe -
mcc per ’_-‘
Tiastolie 200 r P
second .
.
Le o —p—%
20

Pulmonary capillary pressure for mutral valie area of 14 on?
Figure 73

Theoretical

relation hip of the rate of blood fow across the mutral valve I8
Gn?:hc.m::“:ﬁnlxm l&i’é vﬁm the pulmonary capillary pressure for a moderstely
severc mutral s enows of 14 an? valie area (17)
(Adapted from Gothin ez al A H Jocr 1g951)
NR  Normal Range
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people at rest  Mild effort requnng the lugher rate of flow may
secessitate the pressure close to the pulmonary oedema level

Symp oms of pulmonary congestion 2 fo $4

600

Rate «( 0
blood flow
across the

mitnal vyl

m ¢ per 2

Pulmonary capillary pressure for smitral valve area cf 4o cm
Fy 73
Theoretscal
the mural m cc.
Graph showing the relauonship of the rate of biood Sow across
%asmhc‘;‘gmn; with the prl)xlmonary cap llary pressure for a sever m tral stenoms
of 1 cm? valve area
{Adapted from Gorin et al A H Jocr 19,8) (17)
WNR" Normal Range
Symptoms of pulmonary congeston 3 (0 4 4

]

Rate of Lo
blood flow
across the
mitral valve
mce per
duastolic

second
0k em®

f 04 cm?
for mitral valve area ol
Pulmonary capillary pf!“";‘g,,"
Theo'et fly1ood flow aceoss the m tral vaie fn
Gragh shows the relaion g of A0 Ty cap laey presure for 3 very severe
c er diastol ¢ seco]
Tontral stenous of 04 €1 “’"f;”;u, 195%) (7
{Adapted from Gorlmn et al A
A Normal Range
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In a severe mutral stenosis with mtra) valve area of 1 em* or Jess
hardly adequate flow can be mamntained at rest without reaching pulmo-
nary oedema levels Shghtest evertion will necessitate higher fiow
consequently the pressure mn the pulmonary capilares will exceed the
pul ry oed level and pul y oedema will result

With the mtral valve area of 04 em* flow and therefore the cardiac
output are dumshed at rest In order to mawtain even this dummished
mutral valvular flow the pulmonary capillary pressure has to work at the
border line of the pulmonary oedema and the pulmonary congestion may
exist even at rest

Formation of pulmonary oedema —

The pulmonary oedema 15 precipitated by any one or more of the
following factors —

1 Tachycardia—due to effort infection etc by reducing the dias
tolie filing period and rusing the cardiac output

2 Hypervolerma~by raisng the cardiac output after mfustons etc

8  Probably genic factor € ete

4 Probably chemical—by the pulmonary capillary
permeability anoxa etc

Of all the cases with acquired heart disease presented here a few
of the PW’ pressure obtamned were observed at rest to be above 35mm
Hg 1e on the threshhold of pulmonary oedema In these few cases the
PW p durning exercise went up derably bigher than the
plasma colloid osmotic pressure without any actua] production of the
pulmonary cedema The highest PWm pressure at rest observed m the
present senes 1s 37mm Hg In one patient who went m hill dunng the
cardiac cathetenzation showed PWm as high as 44 mm Hg Esen after
levelling of the arbitrary 0 pomt in relation to the tip of the catheter
feaving the margm for the errors of the technique of possible defective
respiratory vanations etc  one has to explan these inordinately ugh
PWm pressures The following factors have been aseribed to account for
the prevention of the pulmonary oedema n the presence of so high PWm
pressures

1 One of the most important ob ervations made in the pithology
of the lungs i long standing mitral stenosis 1s the thickening of
the capillry basement membrane It 15 very logical to thuk
that the thickened capillary basement membranei1s less perm@

2 able and to that extent prevents the transudation Tlus can
explan the slowing down of the cedema formation temporarily
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but lghly elevated PWm pressures at rest for a long tune the
absenee of vedema 19 rather hard to be explaned by this arcum
stance

Distenstbility or the elastiety of the cipillary walls and the
enormous number of the pulmonary epiliwes —

Under normal cond when an dual ss sut ] to
exercise the required increase 1n the amount of pulmonary flow
without sigmficant nse 1n pressure 8 wceomphished both by the
werease m the distensibility of the capitary walls and the opening
of the resenned pulmonary capsilanes

Broncho motor tone

Rodbards concept of hbroncho motor tame ohves an
extrmsic mechamsm of the nse w the witra alveotar pressure to
balance the mereased pulmonary capillary pressure This factor
of extra-capullany ol of the pub v blood flow by
counterbal the nse n pul y capillasy pressure appears

to be aperating through the changes i the bronchiolar Jumen

that the bronchial and the bron

chiolar walls have a very efficient and capable muscular element

which s controlled by the auionomic perve supply The
g the wspsration and the

diumished tension 1 the alveol dunn

total blood volume an the lungs nse During  exparahon
bronchioles have a tendency fo comstrict and therefore some ax
15 trapped 1 the abveol dunng expiration thereby rasing the
wtra alveolar tension  The wmerease @ the wntra alveolar pressure
behaves as a tounteracting force agamnst the nse 10 the puhncnm-y’J
capillaries pressure and provents avy transudate  ACroSs thcX
capillaries

Whenever the patients
exerase thew high left atna

It 1s shown by anatomists

of rmtral stenosis ane subjected to
1 and PW pressure are suddenly

elevated  Thewr actual pulmonary capillary pressure required

tod left atnal pressure wall exceed the,
D e el\_;zmem without much preduction of the

;:E:g:nf;lloi;g!z:n The sttuanon like this lends ;;Jpl’ﬂﬂ to
the hypothesis of the regulation of pulmonary ¢ :“P‘ lmtya ﬂ:“’
through some extrd capillary s0UrCes Huw?verI e relationship,
between the degree of the 1ise 1% the wntrd :" vealar p 'ess;;’m and,
s effoctivencss on the Pressure 1n the pulmouary capiianes 1o
not Imear  The Rodbard s concept appears o }xa :}try :n‘;en:mng
but ¢ 15 st} ughly hypot]whcal and certamly demands much
more documentation
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4 Physiol 1 increase m pul y vascular resistances

One of the most important protective mechamsm for the
prevention of pulmonary oedema 1s the mcreased pulmonary
sascular resistence due to spasm of the pulmonuy artenoles
The exact mechanism of the spasm of pulmonary arteroles 15 not
defimitely understood However reflex neurological or chemical
factors like anoma may be working together Whatever the
mechamsm may be the Jugher the pulmonary vascular resistance
Iess the chances of pulmonary cedema

5  Shunt mechamsm

There are extra pulmonary bronchial vems {pleuro hilar
vems)!'" drammg nto azygos hemn azygos and mnter costal vemns
commumecating  freely with pulmonary vems These estra
pulmonary vems are dilated and vancose n mitral stenosis'

It therefore provides a proof that the pulmonary venous
circulation possesses a safety valve mn these evtra pulmony
bronchial vems which can effectively lower the pulmonary
capillary pressure at the cost of cardiac output Whenever
shunt mechamism 1s funchoning effectively the night ventrcle 1s
enlarged out of proportion with the physwologicnl data obtamned
by routime cardiac catheterization

It 15 interesting here to pomnt out that the three mamfestations of the
pulmonary congestion namely orthopnoea paroxysmal noctumal dyspnoea
and the acute pulmonary oedema occur i the course of the disease In
the order mentioned but the mprovement n the naturl course of the
disease 15 1n the reverse order 1€ first to disappear 1s the attacks of pul
monary oedema than piroxysmal dyspnoea and orthopnoea persists till last
m the disease of the severest form

FATIGUE AND DYSPNOEA IN PREDOMINANT MITRAL REGURGITATION

The fatigue 1s a more common complamt of patients with predommant
mtral regurgitabon  Depending upon the degree of regurgitation the
group of patients pnmanly complan of easy exertional fabigue tiredness
and weakness These patients do have moderate dyspnoea and some of
them parotysmal nocturnal dysp The devel of fatigue and
dyspnoea 1 predommant mitral regurgitaion can be divided mto three
distinct stages —

1 Asymptomatic
The left ventncle being competent ejects the normal 7ortic
output 1 addibion to the blood lost in mitral regurgrtation  Such
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mild regurgitatation does not lead to pulmenary hypertension of
any consequence

2 Faugue as 1 chief complamt

The left ventncle while Josing sigmificant amount of blood
of regurgitation 15 begmning to fail to meet wath the body demand
for the cardiac output. The usual apportonng 1 a predomnant
regurgitaton feading to the fatigee s 1 chief complamt 35 507
of the left ventncular output through the mitral valve leak and
the remaming 507 beny, delnered to the budy Here the
pomary physiclogical  defect s low carduac output and the
pulmonary hypertension 15 of the sccondary wiportance How
ever 1 many of the cases this stage of fabgue a5 2 clef
complunt may be totally absent

&

Fatigue and dyspnoea, both as chief complants

The Teft veatricle 15 finally m the state of faure and the
left ventncular duastolic pressure 1 considerbly high  Tiis
advanced left ventrrcular faure will gne rise fo severc putmo
nary hvpertension s addition to the low cardiac output  Thus
duning this stage the symptoms of Jeft ventneular fature m both

the directions will anse In the situation when left ventricutar
ke wter ventncular septal

early diastolic rapid dilatation causes &

bulging towards the cavity of the nght ventncle  the ng;\;
ventncular  Riling s naturally mterfemd  with fn :j“c
cases with ipadeguate nght wenmcularmrfl:::tm:mufm 1:‘;;

on

tion of severe ‘pxdmnnaﬂ hyPc?L:‘:“ stuation Dihe this are
counng poor scnal flow and
hypervolema and Berpheun

bt of p oy
the result of low cardine output

elevated yvenous pressure due 10
effect Thus swnp{’oms of pulmonary congestion 10 the predomt

nant mmtral msufficicncy are the esult of ’é‘? l"f““’ﬁ”“’ :;V“;
Toading while in mutral stenosis overfanction of th right ventricle
1s the causatne factor

FTAEMOT TYSIS
ses of pute or

requently obseseed 11t ca
- 151 fnsgmmcncy and ocoors only after farly

hy pcnenswn

This svmmptom was tw
Predomunant stenosis as m M3
advanced degree of pulmonary

The haemaptvsts can 0CCuT from any on¢ of the following sources —

maptvsts

I Pulmonary c;pmanes—mngcshnn

2 Rupture of small intr2 pulmonary bronchial veins'®



142 CARDIAC CATHETERIZATION

3 Infective bronchitis with oedematous bronchial mucesa
4 Pulmonary infarction

The heamoptys:s caused by 1, 2 and 3 above presumably results from
the high pulmonary venous or capullary pressures with an occassional
merease 1n the pulmonary flow The pulmenary venous or capillary walls
are not sigmficantly thickened and the pul y arteriolar i
not sigmficantly elevated The haemoptysis oocurs relatively early in the
course of the disease and subsides gradually in the natural course of the
disease when the protective mect for the pul y capillanes and
vems 15 developed well Thus a patient with marked pulmonary hyperten
sion 15 generally free from this type of haemoptysis** The haemop
from the pulmonary imnfarct 1s generally because of an embolus dislodged
from phlebo thrombosis 1n the lower extremities

The lustory of hnemoptysis was obtuned m the followmg type of
patients in the present senes ~

1 The mutra] valve area was between 05 to 1.25 cm? which gave
nse to fauly severe degree of pulmonary hypertension as shown

m figure 75
x Haemoptysis
15
=
1
10 =
Mural
valve PR
area .
.
o5 x ) -
400 £00 1200 1600
Pulmonary artcriolar resistance
Figure 75

Predomnant matral stenoss
Graph showing the response of the pulmonary arteniolar resistance to the mutral valve
area in relanon to the history of haemoptysis
Case Nos 101 103 104 107 108 s1o 1N 112 tig 202 408 40

2 The pulmonary artenolar resistence was not very highly elevated
The figure 75 shows that the maumum observed in the presented
group 1s 760



H4EMODYM AMIC BASIS IN MITRAL DISEASE 143

3. The nght ventricular pressure work was mereased showing that
the nght ventnele was compctent enough to eject more blood
than can pass through the mitra) opeming leading to the conges
tion of pulmonary camiines

4 The cardiac output of these pahents was only moderately dimi
mished

Symptoms Of Tught Sided [alure (Hepatomegaly penpheral oedena etc )
Theory predicts that the progresswely wncreasing pulmonary arteriolar
tesistances 1 the course of mitral disease wcrease the mght ventncular
wark load  In cases of mutral disease the elevated pulmonary artenolar
15 conve 1t dered to play a sigmfcant role m the

~causation of the nght ventricular fadure

x Penpheral ordems and Hepatomegaly

.
ts
]
gy ®
10 P
Mitral
valve .
valve area
i emy
X A L] . .
4
TP SRR ey
40 0 1209 Téo
Puloonacy 2rtenolar Tesistance

P .
Predomunant vt rel SEY o ance 1o the mumal vaive
O ¢ the pulmonary avenolar )
P g i repone o e PRI piomerty
Case Nos 103 106 108 ghr a1r H1 M4
ted with
he nght sded farlure 15 nol
However i the present senes
the xelahvef l;\v p\ﬂ;\)onaw artenalar resistences in ;h; ;na[;:’m):v,;;‘fhcfz‘e:
T was Obser):led that the patients having the nght sel‘; e a-c :‘ i rela
tively low pulmonary arteniofar resistence show : soxsnmmLEd] < o
. & " as much as their cardac output wa: y
\Myocardial disease m

ery rmald
Tushed and therr pulmonary hypertension was very

1 4

me pub ary hyp or
In some cases with eﬁr;xd L y develops on the functional

myacardial disease the tmeus!
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basts  This 15 an wdditional burden on the night ventncle wnd considerably
further reduces the cardiac output In these cases hepatomegaly i
disproportionately more marked than the penpheral oedema

Generallv the symptoms of right sided failure appear gradually afte
a perod of pulmonary congeston Dysprioca and orthopnoea may be
alleviated due to the reduchon m nght ventnicolar outpur  Symptoms
and signs due to nght sided failure appear to be due to the congeston
of systemic vews such as engorgement of cervical and other superfioal
vemns } lema and dates 1n serous cavibes

Embolt  The thromb: may occur an both atna first in the Jarge Teft
atrum and its appendage and Jater with the development of the nght sided
falure nght atrum 15 1nvolved Fragments of these thrumbi may get
dislodged and produce embolic phenomena n the cerebral penpheral o
visceral artenes m order of frequency The embolh can be multiple of
recurrent ®¥  The systemic emboh are shightly more frequent 1 matral
stenosis than i mitral insufficiency  presumably because of greater stasis 10
left atrum 1 mitral stenosis 2?7 The meidence of embohsation has no
correlation with the size of left atnum or its appendage the elevation ™
pulmonary vascular resistance or the duminution 1n the mitra] valve area

The onset of atnial fibnllation 15 dangerous and may precipitate systemic
embolt

Cough It 15 usually non productive 1n pure mutral stenosts and
generally due to pulmonary congestion Rarely 1t may be due to the
pressure gf a large left wuncle on the bronchus The sputum  containis
heart failure cells

Hoarseness of voice  The change mn vorce may be due to compression
of the left recurrent laryngeal nerve partly by the enlarged left auncle
and partly by the enlarged tracheo bronchial lymph nodes and perhaps
by the enlarged pulmonary” ! 1* artery also

Weakness  The weakness exhaustion and tiredness as described by
the patient may be due to work of and madequate
cardiac output

Angmal syndrome The angmal pun Is more common i seser®
mutral stenosis with h gh pulmonary vascular resisatnce than 1 mitrad
sufficiency  After successful valvotomy the pan often disappears In
these cases coronary arteries de not show any lesion at autopsy It 3
therefore believed that the pain may be attnbuted to diminished coronasy’
fillng due to diminished cardiac output™

Cyanosis  This 1s not a major feature of the disease  Jt may apped”
late 1 the course of the disease and 15 due to hyperplastic sclerosis of the
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pulmonary artenolar walls, thickening of the basement membrane and
vascular endothelium and the stagnation cf blood n the venules The
gaseaus mterchange 1s markedly offccted because of the thickened parti
tion of the alvcolar issue separating blood from the alveolar an

The cyamosis may appear early if pulmonary oedemt develops
gﬁ"f‘g the attack of pulmonary cedem 1ternl oxygen saturation can

significantly low (even $0%) when nowa can alter pulmonary
apllary permeability

Penphert] pulse  In uncomplicated cses of both mitral msufficiency
and mutral stenosis the penipheral pulse 1s small volume because of dim
mshed cardiac output but the peripheral pulse mn mtral sufficiency
may be waterhammer type because of systolic leak from the artertal
system while that i mitrl stenosis may be Jow 1n tension because of
diminished systolie pressure m the left ventricle and arteres

Arhythmaa  Auncular fibrillation 1s the most umportant carduac
iegulanty noticed  The exact mechamsm of the production of auncular
fibnllabion 1 mitral disease 1s not understood but the rheumatic activity
i the m d may be responsible though the studv of the atni
biopsy from cases undergoing valvotomy does ot confirm this The unusual
dilatation of the left or nght aurcle in cases of mutra] stenosis with aurt
eular fbrillation could be the result rather than catse of arrhythma It
¥ Interesting to note that the patients with auricular fibnllation are less
Iikely to run nto pulmonary oedema easily because the curdiac output 15
reduced with the onset of the fibnlltion

Jugular venous pulse  The character of Jugnlar svenous pulse m
Titral insufficiency and mmitral stenosis 15 2 function of genemhzed
elevation 1n the night sided venous pressure However the v wne m
mitral insufficrency 15 generallly more conspicuous than 10 mmtral stenosis
because of madequate nght ventneular filling due to pronounced Bern
hein effect sn mitral msufficiency
ncle m mitral msufficency
omewhat sustained With
x beat 1s hardly palpable
ts pulsation

Apex Beat  With an enlarged left vent
the apex beat 15 shifted to the left and it 15 S
adynamyc Jeft ventnicle in mutral stenosts the ape:
However 1n mutra] stenosts the enlarged nght ventricle shows 1
from the left para sternal hine to the eprgastrium

Ist Apical heart sound  The first feart sound m mtral mnsufficiency
15 Soft or normal while a Joud and sharp apreal first sound s ondc of the
eatly signg of pure mtral stenosis In wtral stenosis cle\zte ;mns
mitral pressure gradient keeps the mutral cusps widely op;‘nfe unti Linc
diastole These valve cusps close very forcefully durmng left ventriculr
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1sometric contriction period because of fibrotic changes 1n the cusps and
chordae tendinte It 1s this forceful closure of the cusps that is pattly
responsible for accentuated Ist round Forceful contraction of the lelt
ventriele 1lso s partly responsible for production of sharp and boomug
Ist sound of pure mutral stenosis

In atnal fibnllation the atno ventncultr pressure gridient hte m
diastole will be smaller when the preceding diastole 15 long  Therelore
the intensity of the first sound which depends upon the late dastolic atrio-
ventricular pressure gradient will vary mversely with the length of the
preceding diastole *°

Second Pulmonary Heart Sound The accentuation of Py 1s partly the
resu't of n elevated pressure m the pulmonary artery and partly of
rotation of pulmonan, irtery and conus brnging them closer to the chest
wall  The reduphcation of P, lly heard 1s probably due to the
change m relative pressures m the pulmonary artery and the aorta leading
to asynchronous closure of the semlunar valves The degree of accentud
tion of P, 1n the present series was not expected to have any close correla
tion wath the seventy of pulmonary hypertension

Presystonc Mitral Murmur  The presystolic murmur 1s caused by the
left atnal systolic contraction squeezing the last porhon of blood through
the stenosed mutral valve Ths 1s a very early sign of mutral stenosis even
tf the left atno ventricular pressure gradient 15 only 5 to 10 mms Hg
provided there 15 1 normal rhythm  However 1t could be mnshed later 1t
the course of the disease when the grossly entarged nght ventncle displaces
the left ventncle and the mutral valve postenorly The presence O
presystolic murmur can rule out sigmficant degree of mitral nsufficrency
The crescendo effect described as typical of mutral stenosis 15 really
auditory illusion because of the murmur abruptly ending mto short and
sharp Ist sound

Early and Mid Diastobe Murmur This occurs m a farly sever®
degree of mutral stenosis unaffected by auncular fibnllatron  The onset
of this murmur 1s tuned with the begmning of rapd diastolic filling 1€
the descending mb of v wave The length of the murmur can indrcate
the seventy of stenosis In muld mutral stenosis the left atrio-ventricu’ar
pressure gradient disappears relatnvely carly i diastole while i severe
mitral stenosts the left atrio-ventricular pressure gradient 15 carned through
the entire drastole

A mutral mummur i exly diastole may be present in pure mitral
nsuffictency because of the large volume of blood flowing across the
mutral valve n carly diastole with an clevated trans valvular pressure
gradient
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Systohic Murmur  The systo'ic munnar i mitral insuffictency replaces
the 1t sound and contmues into the 2nd sound  The mutral leak com
mences dunng the 1sometne coutraction penod because of the left ven
tnculo atnal pressure gradient and eontinucs mto the  proto diastole
because of the continued entnculo at 1l pressure gracient untl the
tlosure of aortie valve Thus the tpictl pan svstolic murmur 15 charac-
tenstic of mitral insufciency  Howcver 1n apical systohe murmur may
be present 1n pure mtral stenosis because of caleification of the ymtral
qusp ™

Thus an early diastolic murmur can be present m pure mitral wsuff
ciency and a systohe murmur can cast m pure mutral stenosis  The
ntensity of the chastolic or the systolre mitral murmur partly depends
upon the amount and the rapidity of the blood flow across the mutral
vahe dunng the left ventricular diistole or the systole respectvely  The
loudness of the murmur does not depend upon the seventy of the mtral
valve disease only With A very low cardiao output the dastolic murmur
may be very famt despite the severest mitral stenosis Similarly with a
very low cardiac output and the big mutral valve regurgiant area the
fystohe murmur fades away,

Openg Snap of the Mitral Valve This was described by Duroziez
s early a5 1862

At the end of 1sometne relaxation the maximally elevated left alnoi
ventnew'ar pressure gradient flings open the aortic cusp of Ithe m}::r.:
valve 1nto the ventricular cavity causing the opemng smp It 15 8!
sharp ang chicking 1 character usmally heard best anatermeal posx;mn
o the mutral valve 1¢ the 9rd and 4th mtercostal space The s0un ;j

uced by sudden curtai'ment of the opening movement of the sten;s d
utral valye as the blood from the aundle to the ventricle begins to 1lov
1 tarly diastole

Wherever the mutral cusps are supp'e the opening ““‘l; s’“’}‘:{’dve‘:‘
beard  However the opening snap can be masked by Pnlarfgﬂh ngo e
tncle or assocaated aorne mcompetence The absence Ol k;d;mx; v
¥4p 1 mitral msuffictency 1s probably due to the fbrous an
#ortie cusp of the mutral valve

l

The openng snap occurs about 010 second af(;fh z}w; L::;is ;::(;lsd‘:xng

fust befare the begunmg of the dustohe MurmLy s
© apex of the v wave of the left atral tracng:

has a great prac

Next to the charactenstic murmur the openng m:f:":t n gmorerihan
S value 1n the duagnosis of mitral stenosts bemi"l:e 1t 15 easily heard
of cases of pure mitral stenosis and many 2
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It 1s to be differentiated from the proto duastolic gallop thythm the re-
duplication of the second sound and the normal third heart sound

Graham steel The fi 1 dastolic murmur m the pul
monary area could be heard only after a severe pulmonary hypestension
1s developed

Rught Ventricular Enlargement Or fluoroscopy and electro cardio-
graphy

The fluoroscopic enlargement of the nght ventricle was graded as
plus minus one plus two plus and three plus
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Graph showing the of the total p with the Nuoroscopic
hypertrophy of the bt ventnicle in both mtral stenosis 2nd Tegtirgatation ]
Case Nos 101 102 103 104 105 106 to7 108 109 o 111 nz 113 14 B
$26 12 128 129 13t 332 133 135 151 A5z 153 15 M5 200 ¥
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The figure 77 shows the sigmficant correlation of the nght ventncula®
enlargement with the total pulmonary resistance  The cases plotted m the
figure 1nclude those having predomunant mitral stenosis as well as predo~
mnant mtral regurgitation

TRight ventneular Total pulmonary
enlargement resistance
Plus minus 240 to 510
One plus 340 to 830
‘Two-plus 630 to 1770

Three plus 2130 to 3640
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Cragh showng the resporise of the pulmonary ateriolar resutance 1o the mitral valve
”:m:? relation to the mght ventr culas hvpertrophy fuoroscopically n mutral
G Ns 101 1ot 10y 106 107 108 T 12
noss the nght ventricular
1 valse area decreased and

113 S o1 203 g 06

al Furthermore 1n cises of pure mitrl ste
th rgement became more marked s the mutra
e pulmonary arteriolar resistance increased

The electro cardiographic evidence of the nght ventricufar enlarge
ment was noted 1n a wider range of pulmopary hypertension There was
1 working correlation obsersed befween the degree of the pulmonary
bypertension and any of the cntena for the night ventrienlar enlargement
n the standard leads augmented Jeads and unipolar leads of the electro
carhograph  Thys observation 15 not quite conststent with the findmngs
™ Paul Wacds seres

Left Atnal Fnlargement by fluoroscopy and electro cardiography }

The fluoroscoprc enlargement of the left atrum was graded plus

m

s one plus two plus and three plus
As shov cases of pure mutral stenesis there 15 2
yn m the figure 0 8 nt of the Jeft atnum as the mitral

Benerg] e
rss:slan::“,::gs; m;::::e%hi?:::gf}‘l onset of change 11 rhythm plays
Perhaps 3 sygmficant role in the enlrgement of the left atnum

The systolic pulsation of the Yeft atrrum 15 Bot oonsx;lered ;“("?r::::ent
50 of the mutral regurgitation as could be determmed from ing
adfor cardotomy
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Left aumicular enlargement fluoroscopically
Figure 79
the total
Graph showing the r:hm;nsglp of the ;m;m"?’s;: ance (dxﬁerer‘;:lemhclx’x:cgl K rgﬂm‘

of the left auricle 1n mutral stenosts

Case Nos 101 10¢ 103 104 106 107 103 109 t10 t11 11z dig 14 nd
205 403 40, 408 409 410 415 417 418

Roentgen Enlargement of the Pulmopary Artery Attemnts have
been made to find a sigmficant correlation between the size of the pul
monary artery segment nd the degree of pulmonary hypertension  How
ever nconsistencies are found quite frequently and therefore such 2
correlatton certanly mwites shepbcism ** dlthough marked dilatation of
the pulmonary artery sugg 1 1 pul y 1 and there-
fore severe mitral stenosis
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CHAPTFR 3

NATURAL LINES OF DEFENCL FOR THE SYAMPTOMS OF THE
PULMONARY CONCESTION IN MITRAL STLNOSIS

Human body 15 provided bv nature with the means for its protection
shenever there 15 anvthmg wrong with it Thus wath the progressive
degree of mitral ob truction there are four different lme  of defense com
mg mto action  This nataral course of reactions of the protective body
mechimsm comes nto play immeduately 15 the mitral valve rey decreases
below £5 em*  If the entire circulttory system 15 looked upon as a senes
of chambers valves and mies the obstruction to the blood flow at any
one pomnt will have stmilar effect as would lappen when a dam 15 con
stiucted m the path of a flowmng mer Thus mitral dam will produce
stagnation of blood prowmal to the dam 1e m the pulmonary circalation

The first line of defense consists of four different changes which start
working to mamtamn 4n adequate blood flow across the miutrat valve
capillaries mses in order to mam

The high pulmonarv capiflary
‘monary capilliry transudate

1 The pressure m the pulmoniry
tain adequate cardiac output
pressure may produce more pu
resulting into dyspnoea

2 Teft atmal actiity 15 mi
Teading to the left nuncular enlar
3 Duastolic fillmg penod 15 ncreased from 37 to even 42 and
therefore systolic elechon period 15 decreased contributing to the
production of the well Lnown short first sound at the apex  The
sharpaess of the 1st sound at the apex cwn be exnlamed by the
sudden nushing back of the mutral valve cusps nto the auncle
due to sudden riso of pressure at the begmmnng, of the left ventn
cular systole

4 Opening of th
effect of pulmo

As this first Ine of defense 15 reachmg 1its optimum the secord lme

of defense 1s the reduction 0 cardiac output  Thus usually happens when
the mtral  ive area 35 1 am With the reduced cardiic output the
total turnover of the blood from the nght ventricle to the left ventricle
w2 the pulmonary capillaries 15 also reduced This may contnbute
towards the prevenbon of pulmonary cedema or congestion  As the
diminished  the symptom of fatigue appears and the

cardiac output 15

-

agnified 1€ left atnal systole 15 powerful
gement fluoroscopieaily

& new pulmonary captllary channels gnmng the
nary congestion on screemng
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work capacity further dimmishes  Although the first and second lme of
defense occur simu'taneously the second 1s a less sensitive index and reacts
second to the abnormal situation With the decreased cardinc output
the mtensity of the diastohe murmur may also dimimish  The develop-
ment of auncular fibnllation at this stage can abolish the presystolic
murmur nd may mummize the diastohic murmur

The third line of defense for preventing the pulmonary ocedema 15
by mcreasing the p y vascular phvsiologically and
pathologically due to the spasms and thickening of the pulmonary
arterolar and canillary walls  The pathological chinges noted are mu
mal thickening medial hypertrophy narrowing of the lumen scarnng
thickening of the camllary b b and
to the cubaid cmithehum Al these changes lend to the marrowing of
the pulmonary vascular bed resulting in merease i the pulmonary resis
tince At this stage it 15 interesting to note that with the thichened pu!
monary capi'lary walls the transudate across the walls 15 less and there
fore less pull y This 1s ch lly reflected through the
alleviation 1n the symptoms of the pulmonary congestion Iike dyspuoea
If the dyspnoea before was 3 plus with the advance of the disease it
may b-come 1 plus or & plus  Such apparent improvement 1s the natural
course of the diseise but sometimes it 15 erroneously attnbuted to the
therapeutic measures such as digitalis Thus with such eapllary changes
night ventricular pressure head by the time 1t 15 tran mitted through the
pulmonary capillaries 1s proportionally reduced the pulmonary vascular
bed dimmishes nd the nght ventucular pressure work mereases

Finally the maimtenance of the ligh pressure 1n the pulmonary crreut
for 2 long time requires very competent myocardmim but ultimately the
nght ventricular myocardinl capacity is also hmited particularly beeause
the myocarduum has undergone cute rheumatic myocarditis 1t one time
or the other Whenever the myocardium 1s considerably diseased the right
ventricle begns to ful much earher without produeing anv sigmfieant pul
wmonwrv hvpertension  The onset of the nght ventricular fulure 1s not
really a defence on the part of the bady but it 1s merely a matter of shifting
the congestion from the pu'monary arculation to the penpheral cireu
lation
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MITRAL STENOSIS VI RS/ *IITRAL REGURGITALION
POSSIBILITY Ol I\A(T DIAGNOSIS

Climeians have faled to disec 1 s one prticylar enterion pitho
gnamonic of 1dvanced mitral regoralition However there e some
fndings . faveur of mached mutrd recnratation wd some m tay o of
2 edomunant mitrl stenastis 1o order ta evaluate a case properly W the
Balable dagy mu t be weighed nd cansidered according to their rc pe
W ments A chimeian e be rononibhy certam that m cases b wing
Yymeal findings of mitral steno 1 such 1 ap cal diastohe murmur of gride
Zor more sharp firet apical sound opening snap of the mitral valve
ﬂuamscopm enlargement of the left 1uncle et there can be no mitral
fegurgrtation of A degree contrn mdicating valvuloplasy  On the other
hard wyeh an apieal systohic murmur and left ventriculwr enfargement
ﬂuucrosc()pxca(ly and clectro-crrdiographecilly (when other causes of the
Left ventricytar enlargement are excluded) one can suspect the presence
of onlv sipnificant nmtral requriiion It 1s common expenience that
mid to moderate mitral regurgitauon does not preclude benefits from

mural valvuloplasty for stenosis

Nevertheless «xct ciagnoss of the degree of mitral stenosis or mitra)

egurgtation has always puzzled the best of clmcuns  Methods like
h and evin lar border

Phonocard, 1 i
tography  auricular o e dofite disgnowic safue The

electro kymorgeams have not been
aleulatton of mtral valye stenotic area and the mutral valve regurgitant

area in double mutral lestons have naither been of much practical help

In the present series wherever necessary PW pressure tracng through
the cardie catheter or LA tracing obtamed trans bronchilly were con
sidered for the pre operatve evaluation of the degree of stenosn or regur
Btabion  The height of v wave was carefully measured  The peik of
v wave Tmm Hg higher than the peh of ¢ \vn;e waqlconsulcrcd as
dicatng of predomnant regurgtaten  In cases of auncular fibnllation
an averagp of the hehts of ¢ and v wves 1o 20 cycles was caleulated

ble mdex i the respective
4 rded 1f he finds a rchal P
hes g}f::n:;“: ::g lie ;E:;L of PW or LA pressure tracings for the evact

We have not ahw. be

& of mitral regurgatation. avs been
K if;fnln:xsnf[ the def:gems of assessng double mutral Jesions satisfactonly
A !ho s‘ \I'e m;r !P"‘ W or LA pressure ttacng Bis been quite valuable
oty z:a nzg[:ﬂzs 80 81 and 82 However it 1s fully realized that aceas
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sy € R HD MS
Trans~broncual I A Pressure tracing
i Hy
cl v <R b ale el e
a .A""\ 2 / \ Pressy
N N Traac
£cd
}{w ,JL,—-—'\-/L/""
F _ure %o

Trans—broncmal pres wre tracing an left atrmm m mityal stenosis Mea usements of

Teft atnal pyessre obianed by tbs method compare fpourably with the presvrt

obtatned at operation and also wi h the levels and form of the traung of pulmonary
wedge poessurc obtained LY ecatheterization

Each vatical hine 15 0z sce apart

The speed of the paper 18 increased in the latter part

EMk RB P M1

s 80 4L
°r 4ot ik} ]Ay{‘_ Trans—t ronchust
# L A Prewure
> zo

& S

Figure By
Trans—broncual left atrral pressure tracing aloagisth E € € in a patient wath
tepular saus thythm and markedly promuuent muat ansufoiency ‘Ihe height of
wase 15 greater than that of ¢ wave by about 12 mms g
Each sertucal line o sec apart

sionally n case of tight mitral stenosis the mflux of small amounts of
blood nto 1 left auncle which 15 already distended bevond sts capacity
to expand rexdly may Yead to a very high v wave i the absence of
mitra) msufficency Therefore while the presence of v wave adds 2
positve pont m favour of pred nt mitral insuffi y s absence
does not exclude mitral msufferency  In such cases Payl Wood and bis
associates have suggested that the ratio of the slops of the dechine of the
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s w RHUD w1
mn
S €0, Trins broachual
I A Presure

¥ AL
.

Trins—t Figure 82
i ronciual left atnal pressure traung an a patent wth auncnlar fibnltat on
markedly predominant mutral a suffics wy The aewmc be it of v wase 15
cater Uan that c wave by about 12 mm H

bd
£ et verncat boe s o sec apant
¥ wave (Ry/v 11h0) may help to differentiate the v wave elevation
e to mitral msufficiency from that due to mitral stenosis

In mitra{ stenosis the rate of flow of blood across the mutral valve
dunng duastolic Elling, period 1s slow and therefore the atnal emptyine or
the rare of Al pre sure fall as relatnely gradual  The trans mitral
Pressure gradient 1s demonstrable throughout the entire diastole  Thus
the ob truction to the mitral valve flow slow down the rue of descent of
¥ wave  Contrarv to this t mutral msufficiency trans mutral flow 15 rapid
and therefore the pressure gradient disappears early i dustole  The rate
of descent of v waye 18 tapd

The degree of obstruction to the forcw ard flow 15 expressed by Owen
and Wood? as Ry/V" ratis where Ry 1s the descent of v wave m mm Hg
Per second and v 15 the height of v wave i mm Hg  After careful
amalvais ¢f 5 pumber of cases Qwen and Wood* have suggested that
Mitral stenosis the Rv/v ratio ranges between 06 and 16 In rutral
Wsuficiency Jeft ventnenlar falure or chrome coustrictive penicarditis
the ratio lirs between 2 and 6 The value between 16 ond 2 idicated

orderlme cases  The value of Ry/v rato to distingush predomunint
futral tanosis from predomunant mutral msuficiency has now been under

observation
Others' have suggested that sigmbeantly hagh v wave above the
mean LA pressure of 20 mm Hg or more 1s 2 good indication for pre

dommnant mmtral regurgitation

However there are always 4 group of patients who hawve sicnificant
degree of both stenoss and regurgitation  Beswdes assaciated deformty
of aortic valve can lso confuse the picture and one cannot properly evaly
ate miteal i eases under these circumstances It 15 m such cases that Ieft
heart cathetenzation would be mandatory for proper evaluation of mitral

disease and assooiated aortic deformity
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Simultaneous pressure tracings from left atnum left ventncle and

aorta can e} the exact happ at the mitral and aertic vahe
. 1 o ¥ P
q RiRe] s ¢ [as
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Figure 83
Simultaneous left suricular left ventncular and aortic pressure tracng (drawn theo-
reucally)  The shaded area sndicates the elevated atrioi~ven rcutar pressure gradient
duning ventricular diastole  acros  the stenosed mural valve  The' slow dewcent of
v wave also favours the pre ence of mitral stenosis

{Abbreviations are same as in Figure 1)

Figure 83 shows the tymical Jeft sided pressure curves n a case of
pure mmtral stenosis In normal persons left atnal mewn pressure ¥
around 4 to 8 mm and dunng ventnicular diastole the required atrc-
venmeular pressure gradient for necessary atno-ventneular flow 15 hardly
1or2mm Hg while in mitral stenosss left atrial mean 15 elevated even
up to 28 to 30 mm Hg wm order to rmse the no ventrcular pressure
gradient necessary for the required atnoventneular flow  Thus the tugh
atno ventneular pressure gradient dunng ventricular dastole and 1 very
slow descent of v wave spcak for narrow mitral onifice

Figure 81 shows the typica) left s:ided pressure curves m 2 Case of
severe mitral msufficiency  There 1s no atrio ventricular pressure gradsent
during ventnienlar diastole v wave 1s tall and descent of + wave is very
rapd  Tal v wave mdicated ventricular systohie regurgitation through
the mcompetent mitral valve  The absencc of atno yentrieular pressire
gradent and saprd descent of v wave speak for widcly opened ritral
onfice during duastole  The clevated left ventnewlar diastolic pressure
shows limated accommodation of blood o the chamber
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Figure 84
left ventrcular and zortc presswre tracng (drawn dhoo-
b

Simultaneous left quncutar
H alo the leh avrcle

el ) i Durn, serincular systol - the xepurg s on

atning € H0COm petent m fral valve cau es a well nown large V wa e of the left

the e R € The “absence of abnormal atno-—sentrcculac p esvre gradem dunmg

Vemrrculae dytole and th rapd J et of + ave evcludes any sgn ficant
degree of matrat stero s

{4bbroy ations ave  me a5 t Fgute 1)

The application of dve dilution curves has also bren of diagnostic
Value 1 cases of severe mitral msufficency In these cases there 13
distortson of dve dilution curves recorded from a peripheral artery or left
atmum directly jrresnective of the site of myection  The detals of the

technique are outude the scope of this presenfation
The very fact that different groups are using different entena to
t t d it y from mtral stenosis suggests

d& np mitral
that better methods of such differentiation 1 doubtful cases are st
needed
BIBLIOGRAPRY
v Ande on M W & Wood E H  Acgumed valvular hean diseases Clin cal
and  baemodynamc featwres  Chmcal  Cardopulmonary  phys ology
Page gg7 Grunne k Suatton 1957
2 Owen § C and Wood Paul A new method of deternun ng the degree of
Bt Heart Jour 16 75 1gsy

absence of mtral obstruct on



CHAPTER VII

ROLL OF CARDIAC CATHETLRIZATION
N
SELLCTING CASES FOR MITRAL VALVOTOMY

Pulmonary hvpertension

The understanding of rheumatie fever 1s that both the yocardium
and the valvular tissues are affected by 1t The symptoms of the diease
ate either mamly due to the msufficrency of the myocardwm or the
mechameal block at the mutrai level  What 15 Accomplished bv valvotomy
15 the correction of the mechanical block 1¢ the salular defect only

degree of pulmonary hypertension 1n companson with the seventy of
symptoms indheates predommnant myoeardial disease and nadequate nght
ventricular myocardium  Therefora far degree of pulmonary hyperten
S1on 15 necessary to expect 1 good result from valvotomy

To be considereq for surgery the patient should have the followng

1 Left atnil or pulmonary artenal wedge mean pressure should
be aver 12 mem Hg

2 Pulmonary astenal mean pressure should be at least 10 mm Hg
10 e pulmonary arteo venous graduent of about 28 mm JE

3 Right ventricular systolie pressure should be nevrer to 55 wm
Hg nd diastohc less than 6 mm g,
Cardiac output

The cardiac output shauld be close to 8 fiters at rest and be, rarsed or
1t least not fal dunng exeraise  Low vardiac output indicates igh degree
of obstruction or mufficiency of the Tayocardium

Degree of mutral obstruction

If Gorlins hvdraulic formuln 35 ysed mitral valve area should bi
around 1 plus minus 05 om? If Owen & Woods Rv/V' raho 1s used &
should be less than 16
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Assocaated Tesions

Sigmficant mutral msufficiency

The heiht of v wave shonld not be more than 7 mm Hg
higher than that of ¢ wave Ry/V" ratio should not be over 2.

Aottic Jesions

Stgmficwt aortic Iesions can be excluded by left hert catheteriza
ton but this rarely becomes necessary  Aorhc stenosis if scvere
enough m1y produce 1n anacratic notch in the penipheral arternal

tracing

Tricuspid lesions

Tricuspud stenosis or tricuspid ansufficiency can easily be found
from ncht atnal and the right ventricular tracing but these
changes may not form absolute contra indication for mitra}

vatvuloplasty

Chrome constrictive perscarditis

This also can be casily excluded from the nght atnal and nht
ventncular pressure patterns and by watchmg the fluoroscopie

coitrse of the catheter



CHAPTER vlII

CHANGING DYNAMICS FOLLOWING MITRAL VALVULOTOMY

£all

Objective, as well as subjective evaluation of the results of patents
g mitral valvul y bsolutel:

In the presen!

1 y y
study an opportumty was taken to record the pulmonary tenal ﬂr‘ld }f'&

atrial pressures in the operating room drately before and
after the mitral commisurotomy 1n over 40 cases Only 3 were studied
by re cathetenzation

Important changes m the dynamics are as follows —

1

Pulmonary hvpertension

In the present semes the changes i the pulmonarv artenal
tracing mmediately following the fracture of the rmtral valve
were recorded simultaneously with the left auncular traciog
The drop 1 the pulmonary artery pressures mmmediately after
valvulotomy was not impressive ‘The adjustment of pressures
in the pulmonary circuit apparently takes some time after open’s
of the mitral valve One of the reasons for this may be that the
right ventncle working agamst the wncreased resistance conttnues
to work with the same force for some time Anather reoson

that the d pul y artersolar resistance which develops
m the course of the disease shll persists  Thus the P“[‘“on'm;
arteroles s to act a» an eff block agamst which

right ventricle has to work
Left atrial or 'PW" pressures

In all cases of severe mitral stenosis LA mean pressure drof! P;d
promptly and the PC pressure therefore must have dropp®!
tesdsererenmne frouever 3y many cases where SIE o
cant mitral regurgitation evisted before or after the ol’en"’f
the mitral valve the drop 1n Jeft atnal pressure was Jess st :ni,;
The significant drop 1n the left atnal pressure 1mmed;{'m'
following valvulotomy suggests that there has been signs "
decrease 1n the resistance to the flow through the mmutral vsow
However 1t should be emphasized that unless  diastohe
through the valve remans constant the changes m Mt;“mde
pressure or even LA--LV' diastolic pressure gradrent arc a,oduw
sigmficance since a fall 1n the diastohe flow will also p
decreased LA—LV" pressure gradient
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Pn‘ﬂusl‘yh preand post commusurotomy dunng surgery 0 a sheumatc card ac
presure ‘11 wtral stenosis and mitral insulicicne The pulmonary artery wedge
Hresoure ; ows a large V ware due to mitral insufiaency and the pulmonary artery
Tsonaned as greatly increa ed from j0/40 to 110/g0 The v wave 1s tall indicating
s fra x:d tral insufficiency At operat on the predominantly stenouc mitral vatve
At the ¢ ur The post commusurotomy curve shows increase n mutral i uficiency
same time theiselief of the mutral stenosis cau ed a drop i pressure m the left
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I ure 86
Figute showing the pulmonary artery and teft atna) pre sure trac ng dunng catheten
zation (PW ) gprc‘a:ﬂ post croymmusummmy This shows greatly ncreased pulmonary
artenal wedge and pulmonary ariery p S5d1es before operat on and triking improve
ment with falls 1n the left ainal 2nd pulmonary artery pressures after comm surotomy

8 Mitral insufficrency

The diagnosis of 2l ¥
the climcal picture and
analysis of PW or LA pr

nsufficiency was suspected mamly from
was substantiated by fluoroscopy and
essure tracmg  Most of the times this
was confirmed by the surgeons finger feelmg a regurgitant jet
before and after the fracture of the mitral valve In some cases
there was 10 (nsufficency before or after the surgery mn some
yitral msutfcency was m;::"ked following the fracture only in

others the degree © was not i after

e

~
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surgery and 1n the rest mitral insufficiency was markedly accen
tuated after the surgery However 1t was apparent that m
properly selected cases mmtral valvuloplasty cmn reheve the
stenosis without producing msufficiency of any consequence

Mutral valve stenotic area

In Al the cases operated mutral valve stenotic area was adequitely
enlarged However 1 addition to the mechameal mutral block
associated lesions m either the pulmonary vasculature or the
myocardium can also mterfere with the restoration of health fter
surgery Of the three equally mportant defects m cases of
rheamntic heart disease with 1 mitral stenosts namely mechanical
myocardial and vascular the surgeons finger corrects only the
mechanical one

Cardiac output

It 15 believed that a considerable time mterval elapses before
any significint nise m cardinc output really occurs Ths 15 partly
due to the fact thit reversible part of the pulmonary artenolar
resistinces takes time to revert and partly because the atrophic
left ventnicular myocardium takes some time to dapt uself m
order to receive and eject the mcreased amount of inflowing
blocd However the failure of the nght ventricle to increase its
output ppears to be the mam factor because if the left ventn
calar  disability were playing any sigmficm* role 1t woul
mmmedhately reflect m the clevation of PC pressures [n some
cases mevitably created mutral msufficiency durm, the fracture
cw account for the absence of expected nse n cardie output

Pulb y artenoir

It has been hypothesized that o part of elevated pulmonﬂz
arteriolr resistinces pre operatively 15 due to the phystologe
vaso constriction of the pulmonary arterioles and the rest"ls %’)"
to the organic narrowing of the arterioles and capillnes e
dramttic decrense n pulmonary arterrolar resistinces 1 2 "fd
cases of Dexter et al* after surgery lends support to this fa <
However 1t 1s mpossible to predict as to how much of 1
elevated pulmonary artenolar reststances 15 reversible

Right ventncular function

This can be judged from the nght ventrcular di f
pressure and the nght ventricular pressure work In cases “l"
predominint mutral mechanical block the general trend of
nght ventricular function to revert to normal e be expect e
The cises with evidence of significint myocrdinl disease A
carefully nwoided for surgery

rastolic B1lmg
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8 Ry/V rano
This ratto increases sigmficintly after valvulotomy !
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FURUNCUI 0%15 LEC ULCERS INFANTILE ECZEMA & OTHER
SKIN DISEASES

shaut 0 )m{:s 1,0 the famous reserwrch workers G O Burr id
H H Burr mide¥the mportwnt discovery thit deficrencs 1 un
siturited fatty acids™ was one of the chicf cwises of obstmite shin
condhitiong such 1 eczemt milk ernst leg ulcers wnd cne

But it wrs stll mpossible tn obtun  unsitur ted fatty acids”
m sufficient concentrition wmd punty which could be absorbed by
th. body without 1I' effects and had the healing action expected
Thanks to the tireless efforts of well known Swiss chemusts “F 69
wis muwufwtured combinmg  maoomim brclogc] ety wath
excellent tolerince

The results wlueved todate m the tr stment of skm conditions
with F $3 huwe excceded all expectations  Todwy this Swiss pre
paration 1s known throughout the world! It has brought healng
md sehef to conntless sufferers

Ask for combmed treatment with “F 99 omtment/cipsules

Dustributors
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TABLET
a new Hypotensive drug
with
ephedrine

v Lphedrme which counteracts the side effect of Rauwolfiz
] Tablet contmmmg, Rauwolfia Serpentina  Benth Tphednne
¥ Hydrochlonde nnd Nicotmamide .
. Useful in Bemah Hypertens on Mahenant Hypertension Renal 3
E Typertension  Anviety States Insomma Manacal States Egulepsy 5
% Avulble m bottles of 50 and 250 tablets 5
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THERAPEUTIC,
PHARMACEUTICALS

43, QUEENS R
BOMBAY 2.

I emnte U

ANLMIAS

AND VARIOUS DIVERGENT
TOLOGICAL
CONDITIONS
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INTRAMUSCULAR IRON FORTIFIED
with Liver Extract
Folic aad and Vitamun By
together with Cobalt Gluco-
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“ESLER” HYDRAULIC OPERATION TABLE —

Offers all positions  Straight, tredelenburg reverse
trendelenburg charir, gynecological Pelvis Mayo kidney 8
goitre & reflex abdominal

Head rest gives posttion from 45 to 90 — Attractive finish —
Excellent h 1 perfor Ensures smooth runt
ning — Top elevated by lever—rotates round wnhol\l
disturbing the patient — Rased or lowered by hydraulic
pump from 32 to 40 — Castors provided for easy mobility

Provided with standard accessortes such as Anesthetic screen

g arm rest shoulder rest etc Fimshed in duco alummum

g grey colour

it

Manufactured by

National Surgical Instrument Company
Bombay 18
Distributors —
M. SHAH & CO, 4
Kanj: Mansion, Sandhurst Road BOMBAY 4

Branches — Ext 4

11 Langhi Chetty Str, P33 Mission Row L
Madras 1 Calcutta 13 &
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Protect your patient
by prescribing
GLUCOSE POWDER
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DEXTROSOL xs pure Anhydmus Dcums conform
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« DOUBLE THER
MOSTATIC FUNC
TION economising
curren  €onsyYp
t on and protecting
the hfe of the
steril zer
For use on 220
volts acjde
Buitt in four stan
dord sizes viz

1 x5 x 3z
149 x5 x 32
17 x 6 x4

20 x 8 x
STAINLESS STEEL AUTOMATIC WITH DOUBLE THERMOSTATS
e also Manufacture
HIGH PRESSURE STEAM STERILIZERS VERTICAL & HORIZONTAL VACUUM TYPE
OT AND COLD WATER STERILIZERS
BOWL & UTENSIL STERILIZERS SUCTION G PRESSURE PUMPS etc etc

MODERN TRADERS
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STROUD & STROUD — Diagnosis and Treatment of CARDIO 7
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This ENCICLOPEDIC WORK 1 now published i tno LOOSE LEAF
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promises (0 be the most AUTHORITATIVE UP TO DATF AND COMPREHEN 1
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practical lan_mage of WHAT WHY and HOW i
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Sformerly known as D:goun ‘BW & Co’

The new name has been adopted
to make ea 1er for everyone
the distinction between
Digown and Digiton
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Gnotw, Ghorer. Brotutic o
Fanatins Sofectio
to provide the zing safety and predictability afforded Ly

the umform potency untform absorption bnef latent period and
optimum rate of ehmination of this erystalline glycoside
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The need for proteins s alicays there .

During the course of an illness the
bhut protems of the body are the main target
for attack, and unfortunately repair
parucularly so 15 delayed during comalescence—mannly
on account of the patient s poor
eonvaleseence digestive capcity PROTINEX FORTIFIED
Dumet which consits of pre digested
proteins nd the essential amino acids 10

the RIGHT proportions fills this need
PROTINEX FORTITIED Dumex 15 avarlable in bottles of & o coated granules

DUMEX PRIVATE LIMITED
Wavell House Ballard Estate Bombay !

A mixed bag . .
. 1s Macreocytic Anaemia

Since cases of Macrocvtic Anaemia @
exhibin varying degrees of clinical

response to Liver extract Folic Acid
and Vitamin Biz when adms
mistered singly and since 1t 15 not
possible to pre determine the %
<hoice of the appropniate haemoporetic

agent 1n average case of
Macrocytie Anacmra presents
the perfect muxed hag

HEPAR 12 Dumex 1 stable combination of
Luver extract Folic Aaid and Vitamin Bye
contains all the factors necessary to produce
a fulls sanisfactory response to ALL cases of
Macrocytic Anaemia HEPAR 12 Dumex
wndeed takes care of the muxed bag

HEPAR 12 Dumex 1< ararlable tn pials of 10 ml g% \’

DUMEX PRIVATLC LIMITED
Wavell House Ballard Estate Bombay |
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STABLE UNIFORM CRYSTALLINE COMPOUNDS WITH CONSTAKT ACTION

Acetyldigrtoxin  obtained from lanatoside A
Intermediate in properties between digitoxin and
lanatostde A For congestive heart failure asso
ACYL ANID ciated with high pulse rate auncular fibrillation
ond flutter rheumahe volvular diseose hyper
tensive heart disease cardiosclerosis cor pul
monafe paroxysmal tachycardia

Lanatoside C found only tn Digitahs lanata For
congeshve heort fardure auricular flutter auncular

CEDILANID ol ond I tach wnctud

ng that of children

Totol lanatoside complex from Digitahs lanata
For heart follure ossociated with smus tochy

DIGILANID cardia and for
therapy

Crystalline glycoside complex from fresh squilt
SCILLAREN For cardiac and renal oedemas ozotaemia and
for potients refractory to d g talis preporations

% de from Strophonthus  Kombe

STROPHOSID seeds  For ocute cardioc falure heart disease
w th or without hypertrophy and angina pectons

SANDOZ LTD BASLE SWITZERLAND  SANDOZ
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» Supplies the fotal tctoaty
of the whole Rauwolfia
serpentina root The total
activity of Raudixin 1s not
accounted for by its reser

pine content alone

e Raudivin 15 accurately

standardized by o migorous
series of phrmacognostic,
chemical and biological
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*In anxiety and predhctable results
tension states Dosage 100 mg b1d mbielly
. may be adjusted
*n hypertension Supply 100 mg tableta bottles
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, 1s our hope mm extending to you our service
‘ Please Consider These HOLMES Producis

STYLUS for Direct Wrnting — ELECTROCARDIOGRAPHS
manufactured by GE (USA) SANBORN BURDICK &
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,  PATIENT S CABLE for all types of electrocardmgraphs
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, SUCTION ELECTRODE Rs 20| Each
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[ taxes Packing and Postage extra
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. EQUIPMENT X RAY ACCESSORIES AND DARA
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When the
prescription
s -
B COMPLEX + C

For Vitamin B complex
with Vitamin C thetapy the
1deal preparaston 15
Alembic s BIVINAL Fotte with
Vitamin C It contains five
major factors of Vitamin B
complex along with
Vitamin C 1n high doses

v oa

BIVINAL Forte with Vitamin C Capsules

% COMPOSITION —

Eack capsule contans -

Vitame By B P 10 7%
Vitammn Bz B.P 1o mg
Vitamus B BP C im
Neaanamide B2 0 mg
Calaum Pantotbensie U.SP 25 e
130 mg

Vitamn € BP

BIVINAL Forte with Vitamin C ’

{IN BOTTLES OF 21 cApsULES)
ALEMBIC CHEMICAL WORKS €O LTD, BARODA 3 ‘-mﬂnbw
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INADEQUATF RIGHT VI NTRICULAR LATE DIASTOLIC
ACCOMMODATION

PFRICARDIAL CONSTRICTION

Lowas i 1669 suggested the restricting, eftect of the constrichng
fibreus nertc irdwun on the cardine distole  Two centunes Titer Chevers
st expluncd the mechamsm of the chromc constnetive pencarditis
Bick (1h66) after whom sometunes the diseise t nimed—Pick s Diease®
mmhy stressed the nut of hevttie arrhosis It 15 known onlv w the last
tentury that the ¢ of pathologic physiology m chrome  constrictne
pec wrditty lies prunnly i the mechanienl nterference with the disten
ston and the contriction dunny the ventnculwr distole nd systole
Tespectively especaally the former

Hcwever the chnictenstic pressure patterns m the npht wincle md
the nght ventricle were not recogmsed before the diys of the nght heurt
<ithcterization  Rloomfield ef ai first recognised and  described  the
tyrical vressure patterns i constnictive pencarditis This was confirmed
by Weod etal  nd Inter by other workers* Burwell and his associates
stressed the chmtco physiologic aspects Himsen and  his  co-workers
demonstrated putly reversible niture of the pressure pattern fter the
surgiea! resection of constueting pencardium  The derangement of vartous
other himodynamic dity s obtained by cardiie cathctenizaton  was
emphasized by Sawver et @l Recently Hanvey et al showed the van
abulity of the haemodynimic data mn chyole constrictine penewdins from
L1se to case dependmyz upon the ¢xact extent and the site of predominant
crdne mvolvement

After the pre wnd nost opcritive study of constictive pencarditis
15 now nppreciated that the nght atrial ind ventriculir pressure pattern
ilthaugh typical of chrome constrictive pencrditis does not tways revert
completely to normal despite dequite decortication I has not been
possible to exictly assess tlie role played by the perscardnl restriction n
producing, the chiritenstic hiemodynamic pattern

Nevertheless the hemodynamie pattern 15 very chiractenstic of
chronic constrictive pernicarditis altl h 1t 15 not 1 a5 was
supposed mmtially by severa! workers There are othcr diseases Iike
mirmsie myocardinl disease wnd certan congenital heart diseases which
do gne nse to sumlw hhemedynume pattern  In order to distingush
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constrictn e pereuditis from the other smulw, disewses Yu of &
Tught ventrculw end diastohe pressure
Tught ventneulr systolic pressure
i constrictive penearditis 55 Alwavs greater than 1/8rd  Later Wilson
Right rentuiewlr end diastolie
and his assocites’ modified the riio pressure
Right sentnculyr systohe pressure

should be elevited 1o ot lewst 109 to be aigmficant to show constnetse
penearditis

proposed that the ratio

Total bloott solume 555 & ©

Pulptenwry arecrad &5
ougen  dunuon o
per cent

Ter phuval artesal
oxs.en Sturaton an
per cust

«8 3%

A1 2mio Voo N\\gm
d ffe ence m vat

S

Ougen  consumpuon 21
mdex m e por mim
per q mcter

o8

i W\N N/

w tuer pun

e aentfauan ndox
q
meter 3

R

Strohe vlume m cc

Py hent brear 50,
53
Cardiae andex m 2 ¢/
wen j<q meter 28
Feart ¢ wefannuce e
$0
Rt Eacrose

Figure 7
Graph shot tng the dua obtased dunag the carduac cathetenzation a1 sest and 89T
xercise an a case of constricine pericacdies § Foredd ag yurgery
ry the

In a c1se of chromie constrictive pencarditis proved 2t Surge fhe
g

typieal p and the h 3 datr e shown
Figure 87 8§ 'md 89

The hemodnamic pattern shows the following chirctensties =
Right ventneular tremg

1 Shghtly elevated systohic pressure
2  Prominent ewh diwstohe dip
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100
?ﬂ:t ventueular
ol i K gm fmun
s meter fm fun f
Right vent ¢ 4%
Rt xc ;;c:}:;cenlg 1 O TIE Y TV
mlie sndin G gy e
of ¢ of neht yentn = - - P
culte’ systohic pre sure Enl tastal
20
Ri bt ventrcul ©
o s
g;i: rieutar s /—\ s tol ¢
wume
B 1o ol ¢ L/~ stem
1p | T g sl
Pulmonary artenal € ssstal ¢
gsohe dustol e ant Mean
\n et
o presue n mm //“-" dastolic
20 T e
:;tf-phml arternal 125 ::7—-—
stoli  and  dhastohic
Pressure 1n mm of Mean
b Daole
& tommmmem T
mun g M b um
Rest F\cruv- Tost Exer s e

aph th

¥, the data vbta ned du mk the cardiac cathec r7at 1 & rest and durmg
Teic moa case of Contrct e fercardits provel it surge ¢

MRA

swe NWVL

E¢G

L) Hy
20
N ] wes LA J:
o 8 30
R q
A ]” v \‘/L 1
o
Ect
Figure

Pres Ure tracings m a case of mnm cll e pennrdn s pioy d at  urgery

SVC  Superior Venma Cava

MRA Mid R ght Amnum
o

Man Pulmonary Artery
Reght Ventncle
1:1mmc:xdwmm

3 Tarly dustohc dip does not reach O lme

4

Rapid elevation of the diastohic pressure dunng the later 2/3rd

of the diastohc perod
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5 Low ventnoular pubse pressure
6 Durng tiehycwdin of exerase the Tagh end doistolie presuure
cold be praphcith cimmated
The ritio
R nd desstolie
RV systohc

-1

15 sreter thw H#Y7

R bt munculir tromg

1 Eles tted nght atnad mem pressurc

&y shud excorsion 1t the tune of entrculir carhy distohe dp
3 Grewer wriyl iube pressure

§ ¢ wwe 1 idmost bsent or mssmhetnt

Pulmon s arter al trwemg

1 Shoht el tion m svstohe pressure
2 Aodare eley ion m distolic presswe
3 Relineh wniil pulse pressure

Pulmoniry rterty wedge traomg

This showed more or Juss simdar pattern 48 that m the 1t
trum provided that the mteal disease 18 excheded

Left vl trang

This ¢ be obtwmed by 1 needle puncture from the opened
chest 1t the overttion for decorteatson ot clse tr s branchtd
teft drograpte " om be nierformed  These procedures wert
Jone mm some cases n the present senes nd presr-nted the
sme peneral dharcterstics that e PW trwng

{ irdne output
€ wdie output s mirkedly dummnbied but the stroke volum

15 onb moderth dmynished

The ninstologse defeet m chrome constrietine B edity 1 et ity
the mdeguite ventnouter e distobe fllmg, and to somt ¢tent 1
«entricul it contriction mu dso be bunpered  The Tamtation  dhastoli
fillmy, 1 wmore or s sime m hoth the ventricles

MFCHANIM OF PRODUCTION OF BHE HAFAMODYS AMK PATIERY
\entrienlir pressure prttern

At the time of yentrcalar distole the sentricle cnot I flled l‘l‘x"
completch beewse of the Jumtations wm the distensibality apased ln( o
fhrous contuctmg, pencrdmm  Durng ventneuhr syatole the yoatn
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gai:{:;{‘ ;‘)lc to cjcet thes much blood and therefore durmyg, ey next
o hogi e ventriculwr content 15 s munmum This results mnto o
"MESSC 4 l]"ES]S“rc wrudient icross the atrio ventnieulyr vifve  This con
neles n’”l}] distohie dip  The ugh pressure gradient fills up the ven
\ ickly to ats maumum caprety There comes the himitabon of
e ventriculir distension by the perrcurdil constnction which grves
“se to Ite distolic phitew

Auneular pattern

N The ventnicular  nd diistohic pressure 1s hugh and therefore the

thicular me v pressure has gat to be lagh i order to maint un the pressure
frdient acrosy the atrto ventricular vilve  As the venfricle fills up apidiy
durmyg, ewly dustole the drop i the mncular tracng (il of ¢ vwave) 1s
“inerdent watly the nght earlv distolic dip When the ventnculie ding
tolic nressure 1y Tigh dunng the end distole the drop m the wnculy
Pressure 15 not muked  Usually ¢ wwe 1s produced by the bulmg of
the salvutar cusps m the auncles durng wometric contraction  Here
bee wse of the hmitahon of the constricting pencardium  the ventricular
‘ontractility 15 markedlv restricted and therefare hardly amv forcefol
"“‘n‘ng of the vilvol ir cusns ocenrs It 1s this aboliion of ¢ wne which
Bues nise fo A of 1V shined auncular pattern

Pulmonary hypertension

The degree of pulmonary hypertension here mdicates the extent of
Yeft heurt pencardinl restriction  provded mten) disetse or Jeft ventr
<ubir fulure 1s excluded The pulmonary arterl puls= pressure 15 smailer
Decause both ventrules are affected more ot less to 1 swuliw degree

Thus 1t 15 denved that the chinge of pressure pattern n the ventn
cles 1s primary aud that m the auricles and pulmoniry aremt 1s secondary

HAEMODYN AAIC BASIS FOR THL S MPTOMS AND 3IGN\s
Pred of and oedema
As the lmus of distensibility produced by the constricting pericar

dmm s generilly sumlar for both the ventricles the elevanon of venous
pressure 1 greater md lesser crculation 15 Also of a similar de,rep®

The consistant observation by all the wvestigitars m the field 15 that
the normal difference 1o pressures 1 the venous channels nght heart and
pulmonary cirewst durng the ventucular diastole 1s minimized  Nonnally
the hydrostatic pressure m the systemic capdlares is just m balance with
the plasma osmotic pressure while the pulmonary capillanes which are
designed normilly to work 1t a much lower hydrostatic pressure 1s provided
with a greiter mwgm of safety before it evcceds the osmotic phsma
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pressure levels  Now m cases of constuictive, perscarditss the prestit
w15 an svstame Canthines 15 scllected 1 the penpheral yenous chann®

15 more or less of a similr magmtade s that i the pulmoniry capflanes
as reflected 3n the pulmontny artenal wedge or left atrial pressure traci™
Thts sumlar quantitative nise 1n the pressure s the systeme wd puimo
nary capdhnes therefore lind 1 duffesent effcet sn s much 1s the svsteic
capilary pressure remuned below the plasma osmotic pressur Jeve

This explas the predommance of systerme congestion wd pedemz
cases of the constrictss e pencarditis
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Lack of oulmonary congestion and oedema —

: The Qprartics of Doth tho ventncles are more or less rqually affected
n mitral diseise the left ventnele does not recenve 1s much blood as the
aght ventricle, ejects nd therefore some blood 15 trapped i the pulmon s
areulitton Rat, 1n constrctine pericarditis the Jeft ventncle recenes and
&ects as much blood 1s the nght ventnicle recenves and ejects  Therefore
there 1s no hetera dynamism between the two ventrides as in the mitral
dsease  Tius fact 15 reflected m low pulmonry mtery pulse pressure
This exnlams the el of pulmonary congestion nd oedema

However occisionilly cases of constrictive pericrditis do get some

symiptoms of pulmonary congestion That may be due to some associated

Seast or 1 1 very Nite stage of constnetive pericarditis or 3t may even
be due 1o mequility of pericardial restnction on each ventncle

Fatigue evhaustion ete ~—
This 15 due to marked reduction or crdiac index wluch 13 due to the
bmited \ entricud 1 filling

Conclus on —

Tt 13 well known that the disteosibsiity of the normal right myocardium
1s mare than that of the left sde  Bv reasons of volume elasticty addition
of the same volume of blood therefore will elevate the pressure less
the nght side ind more mn the left side  Identical nse of pressure how
ever on both sides dunng the ventncular dustole indicates that the
elastioity of the musculir element of both sides of the heart 15 greatly
replaced bv the ngidity of the fibrous element 1n the pericardium

INTRINSIC. MYOCARDIAL DISEASE

Successful pencardiectomy 1n cases of counstrichive veriearditis does
not always revert the deranged haemodynamics and pressure patterns
ormal This leaves room for the concept thit the associated
y { plays a role m the production of the
charactenishe haemodynamic picture  Besides sumlar pressure tracings
have been obtuned i mtrmsic myvocardial daseases and profound nght
sided falure

In mtrinsic myocarcdhal chsease '* the distensibility of the ventricle
during diastole 15 Iunited and the ventricular Iwte diastols  accomodation
15 madequate  In pronounced nght sided failure hvpervolemna associated
with mereased residual volume 1 the nght ventricular civities 1s mainly
responsible to limut the nght ventneular Jate duastolic accommodation

completely to
-chal

It 15 strongly felt that the trmsic myocardal disease particularly
myocardial Bbrosis can produce symlar pressure patterns  In our expen
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cnce the nitterns obtuned m cases of myocawdiy! brosis presumably of
unknown etiology have heen quite sl to those of constuctve
pericwdiis md nene of the cntent from pressure pittemn as proposed b
severit wthors' ** before cin be ngdh apphed to distinguish one from
the other
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Fressure T, 1@ U bc ot miocardid Blne iy provad 1t auty v Inpffocng ad
fasdure  howm,, birge heart  se causng neu prd - msufficoney, (¥ 1) The dioenn
shows rse m right (3l pres e 1+ th aentncular sis olc due fo toc pid msaffoeee
N 3 panent with hvparten e aod wt aosclorotte heare dusen e (11 A H D) and e
comrestae tulwe  Ibe preswre o the nght entr oo and pulnonary artas 3
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Sumbr pressure patterny 15 desciibed m constrctive pericrditis c!;"
alle

be seen  However these cases of mtrnsio my o wdint disetse 1fe gener
hwang wncular fibrallaeon wd therefore tymeal M o W slaped it
auneubir texng 15 consmcuously  ibsent

Thure s been growmg vecomtion of the smilanty of ha moedym
e pattern and el paeture of constrictine pererrditts and the minnsic
myocwdnt diserse  The mechimsm of the production of milu Pkl
1s the same as thit 1 constrictive pencarditis except that m constrictive
penearditis the elastaty of the muscular element of sentnodl
cudm « grewth rephiced by the npidity of the fibroas elemen! e
pencirdum while m myacasdial fibrosis the elstiaty s seplaced by h!
ngidity of Bbrous element i the myocirdum usclf Ttss therefore taphee
here that Wl the eharicternsbe haemodynamie patterns descnbed
constnctne pericarditis 1v 1 function of the seventy of the restrction M
the ventncular distensibihts wwrespective of the ctuse thereof

i mo
t w the

g

g aish mtnic

s by yaulin®
enatts

As cn be seen from the figure 82 1t 15 drfficult to disty
myoeardisl discise from chrome constrctive  pericirdit
cudrie rthetenzation beetwse the changes w pressures 19 the 1
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sule of the circutation are sumlwr  The ventricular pressure pattan the
cardiac output and pulmonary visclar resistances e swnilarly aftected
m bath the conditions

However certan Sndings i haemodynamic datt and chimeal picture
2re pecuhir to the mtnnsic myoerdial disease atself  In cases of myo
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cardinl fibrosis the tricmgs m the supenor vent cwr nght tuncle and
the inferior vena cva were observed ta have 1 general ventnenlar contour
Thas 1s beheved to be the result of the fxct that the tneuspd vihe has
lost much of its function as 2 valve  This 1s wirtodlly marked trcespd
msufficiency The ordiniy dynumes of the mght tuncle 1s ptiath
mashed This mahes it possible to look upon the chmbers as 1 contimuous
pipe Ihe channel from the nght ventncle to the nght auncle and even
extending to the superior vent cxnva and infersor venr cwa  The dilatation
of the nght ventncdde due to the miocurdial disease 15 thus considered
pramantdy responsible for the obsens ed marked treuspid insuffictency

The aurncalrr fibnilation and the profound enlargement of the cardae
chambers fluoroscopieath e be eonsidered conmstent with the mtnnsie
myocardil disese
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CHAPTER 1l
VALVULAR LESIONS OTHER THAN MITRAL

LESIONS OF PUT MONIC M \IVE
PLIMONIC STENOSES

Although a 1 st myonty of the cises of pelmome stenosis e on the
congemtl basis theurnatic mfection attacks acutcly the pulmome v thalar
cusps but never lewes am deformaty  Trua pulmonie stenosts can be due
to mfiunmation md wdhesion of the cusps

Functionl puwtmemc stenosis hve been rwely seen duc to lodgog
of 1 lage embolus extendin,, from the outflow trict of th night ventricle
to the nulmonany wtery

In the oresent sertes we did not hwe wny opportunity of studying
any cwe of scqured pulmomie stenosis but st is quite reasonible to
suppose th it the pressure tricngs m the nght ventrele and the putmonyy

artery would edubt smidar chnges s that m congemtal pulmome
stenosis

A cwe reported by McGuire of P of rhenm e pulmone stenass
ws assouited with the stenosis of three other valves

Biorch ef al' m 1952 and Bean et ol m 1955 seported 1 165
wnteresting combmation of pulmonic valve stenosis trcuspid vabve fesion
nd @ caremod of a small sntestne with secondanes It 1s beheved thit
this ¢utsnoid {irgentefinom) and its metastises secrete 1wge quintlies
of which 15 responsible for the pulmonwrv and tricusped Ve
fesion as well as other signs of the syndrome

Renistence of the pulmenic sahe can be crleulated 28 follows —

{RVsm—~—PAsm)
Re- f Pulm Valve = ~————
s 0 m Vahe co

RVsm = Right ventnicular systohc mean pressure

% 60 % 1333 4

PAsm = Pulmonury artery systolic mean pressure .
Both of these cwn be calculated from the respect?
tracig
C 0 = Cirdine Quiput

PUI'MON \RY REGURGITATION

This 15 almost ahways functional m character nod ducto greatl’
increasedt pulmonany artenal blood pressure or pulmonary artery dilatation.
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most commonly resultmg from ymitral stenosis on rhenmabe b ind
rirely of unknown etiology

Functiom! pulmonan, msufficency can so result fom the pressure
of wrtic aneurysm on the pulmontry Jartery or due to svphilis of the
pulmonary 1rtery

Beforc the diys «f antibioties ¢ises of pulmonary msnficrency were
reported due to bictenal endocarditis - No case of pulmon wy rheumatic
\alyulir deformity enough to mterfere with its function has been reported
m the It 10 vews

T ESIONS OF AORTIC VAT VE
AOR1IC STENOSIS

The presure triciy, m a peripheral wrtery m severe 0l stenosiy 18
very charictensue  However it has been shown m models that aortic
openmg, his got to be reduced to th ts normal size before one begms
to cet 1 chined! picture of tortic stenosis When the rortie onfice 1
reduced to about 60 of s normal size the cardiac output begins to be
reduced When the cnfico 1educed to ihout 20 of the normal  the
charicleristic murmur  becomes wudible  When  the aortie valve area
goes down to 05 cm it 15 considered 1 cntic 1 level prodncing markedly
distarbed physiology

Per pheral artertal tracmg —

Peripheral 1rten 1l pubse tracung 15 of small amphtude—rises slowly
1nd falls slowly  rolonged sy stolia (jection period gives the pulse v forn
of «plitean  The pulse trom its onsct to the end of the plitewu occupies
\but 024 seconds as compared to norm \l of 016 scconds  With more
severe stenosis ascending Iiml his stight wicrotic notch  The position
of this anacrotie notch on the weendmg mb ¢ mdicate the degree of
wortic stenosis  Gre ter the stenosts lower 15 the posttion of the nacrotic
noteh on the ascendmy, hmb  Oce 1 nally the notch s very shap whiel
forms 1 double peik  The evuct mechusm of the production of the
nctch 15 not known Howeser atse Iitkely to be 1 sign of pe ripheral artern!
wall reflection of the sudden recoil an the aortic wall when the aortic
cusps offer marked resistance to flow 1fter the bl period of svstohe

v
<jection’
The svstohie pressure 1% dimished whilc the diastohe 18 genenlh
ie D
norma! resultmg m 1 small pulse pressure

ip of the centeal arternil puetse with the perphicral

1 itionsh
The exict e Lheen understond ®

wtersal pulse h not 8¢
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Femoral
» Artery

—
——

T} L ANAA \_.—.ak.—-q ECG

Figure g3
fressure traen, i the femoral sten alongwith the ¥ & 6 showin, the anxue
e no<h on the acndmg Bimb of the wrtal tracng m o a e of nothe stenoss

Centrat 1orhic pressure i, —

The central aortic pulse recorded through the wtent cuheter Ins @
rounded or plateau shped top with an ancrotic notch  As the pulse 15
trwsmutted towards the penphernl artenes the systohie pressure spereases
normally and the peak becomes shuper  In aorhic stenosi centril aortic
pressure carves show more or Jess smlar charactensties s that the
penpheril artertal tracing It shows wtial steepness endg up w an
anacrotic noteh followed by slower nise reachung the perh rchinely Jate
in systole resulting mto prolonged ejection phise  The systolic pressure
is generally less thin normal  The mora severe 55 the stenosts the earher
1s the anaerotic noteh on the ding hmb  The natch of the
central artenal triaing tends to be dampened s the wave 15 trmsmitted
to the penpheral arteries  The dicrotic notch 1s absent on the descending
hmb  Thus three man changes occur with the deselopment of the toztic
stenosis -

3 The normal amplfication of the penphera] systolc pressure
isappears n aortie stenosis
1 The systohe ejechon penod mcreses

m The anacrotic notch appenrs even on the perpheral artenal
pulse

Left ventncular pressure troomg o

The left ventricular pressure curve shows mtal steep nse durmg the
sometnc contsaction period and the penk 1s reached relutnely carly 1
systole  The left ventriculir systolic as well as diastohe pressure are
elevated

The pressure gradient across the aortic valve —

Recent advances in left heart cathetenzation have made 1t posslblti’
to record sumult 1y the Jeft + lar pressure tracing and o centsd
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or neripheril arter 1l tracng  Bio ch et al** have desenbed the trans
thoreic approach by inserting 2 small polyvethelene catheter through a
needle surgically mntroduced from behind nto the left auncle By
‘manmipulating the catheter beyond the miiral valve left ventricular pressure
tracings can be obtamned  Another method described to obtam the left
ventricular pressure tracings 1s to pus 1 needle directly mto the chamber
from the aren of the apex beat The third method which 1s under conside

ration 1t the present stage consists of threadng a small polythelene
catheter through a bronchoscome needle mserted nto left auncle trans

bronchially and mampulating the tip of the catheter bevond the mutral
valve All these methods must be undertaken only by a shilled surgeon

who should be ready to perform thoracotomy mmmediately i case of

complications  The gradient may 1wy widely from 5 mm to 50 mm Hg

depending upon the seventy of aortic obstruchion and efficiency of the

ventricular myocardium
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left sentricnlar an1 arotic pressure teaang (drawn theo
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¥ eft atral pressure traung —

Left wtrial mew pressure 13 elev ited with a4 prominent 1 wave  Ths
mav be ether a reflechion of elevited left ventnculir diistohc pressure
duc to aortic stenosis 6r 1t may be duc to ssovnited mitril stenosis A
method to cvelude wy conadent mitral stenosis would be Ry/V ratio
lower thn 16 However 1t 1s noteworthy thit Ry/V ritio in cses of
pur 1ortic lesions with left ventnenhr fultre e phice these cises m
mutral stenosis group

Cardrac Output —

The reduction in cardine output 1s relatively smll until the stenosis
becomes very severe’ With knowledge of cirdiac output and trns
valvular pressure gradient the aortic valve stenotic area can be cilenlited
by Gorlins hvdruthe formuly!

Left heart cnthetenzation —

Sunultineous tricm, m the left ventricle by left heart cithetenization
wd of centrl rorta by arteril catheterizition 1s of ymmensc value as a
pre operitine procedure 1n all cises of aortic stenosis ‘Refer to figure 94)
If the ventnculwr aortic pressure gricent systolic ¢jection period and
systemic output are hnown 4ortic valve aret can be eileulated

AORTIC REGT RGITATION (or INSUFFICIENGY)

The diagnosis of ortic regurgitation has hardly been 1 problem
unless 1t 15 associated with several other valvular lesions  The difficulties
wd complications imvolved n the left sided catheter approich has himited
the prictice of obtunmng the pressure pattern m the aorta or the left
ventricle In the present senies we did not have the opportumty to study
the central nortic or the left ventnicular pressure tracing  However we
hwe had several accassions to study the pressure pattern m the penpht’ml
irtenes

Pressure pattern m brachial artery —

The wscending, hmb s sharply elcvated from low distohic Tevel 1o
somewhat elevated systolic level The descending mb shows a markedly
sharp £1ll of pressure up to the dicrotic notch beyond winch the diplay
of 1l of pressure 1s more gradual Sharply nsing, ascendmg, hmb indicates
sharp nise of artenl pressure or rapid Slling of the artery The sudden
fall of pre-dicrotic imb indicates sharp fall of pressure at the end of
systole  This sudden nise and fall of pressure dunng systole gives the
character of popularly called water hammer or collapsing, pulse The jow
dustolic pressure 15 partly because of backflow of blood towds the
heart durmg, dastole and partly because of the penpheril vaso dilatation
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Pressure pattern m femoral artery —

The general contour of the tricing 15 the same as that i the brachial
artery but the femoral systolic pressure 1s higher than brichal by even
100 mm Hg nstead of normal by tbout 20 mm Hg This 1s because of
the fact thit the femoral is m direct line with the aortic strerm whle
the brachial 1ssues from the aorta at an angle resulting into direct trans
mussion of pressure head and also veloaty head of worhe stream into the
femorn] artery

Central aortic tricmg —

This shows rapd nse to a sharp elevated systolic poik followed by
1 sharp £ull with poorly marked dicrotie notch

Left ventnicular pressure tracing —

The systolic pressure 1s elevated as i the peripheral artenes  The
systolic peak 1s attruned earlier 1n systole resulti, mto shortened 1sometnc
contraction period and the ejection phise  The pressure then falls away
steeply m Ite systole  The maumum pumping therefore 1s accomphshed
n ewly systole  Left ventricular diastohic pressure remams normal until
Tite dustole when the pressure nses shghtly because the regurgitatng
‘blood 1dds to the regular mcoming blood from the left atrium into the
relaun,, left ventricle

Left atrl tricmg —

The left itrial pressure tricmg 1s not directly affected by aortic mcom
petence However when the left ventnicular dnstolic pressure rises the
left atnal distolic pressure lso 15 elevated to ¢ sumlar extent

Yeft henrt cathetenzibon —

Sumultancous recordmg, of pressures m Ieft ventricde left auncle and
aortr cin demonstrate anrtic regurgitttion

Absence of s mficnt atro ventnicul r pressure gradient md size and
shape of v wue can exclude the mtral disease Elevated left ventrcular
pressure during \entrcular cinstole over that m the left auncle presum
ably mdictes that the Blood 15 resurgitating from the incompetent 1ortic

orifice

Cardiac Quiput —
The cirdiac output x; m.
tely
15 cempetent Ulum~
suddenly and the eardine outprt

amtuned normal as long s the left ventrcle
the left ventnicle begms to ful sometimes
falls helow normnl
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Figure 95
Sumulteneous left auricalar leR veninculst and the aowc presire trauings {drawn
theoretically)  The shaded area indicates that the left ventriculur pressurc actwally
exceeds the left auncular presure during Jate diastole pres umably die to the large
volume of blood regurgitating through the incompetent dortic valie “The aorut
traung shot prompt Tise and fall of pressure mndicaung collapsing quality The left
auncular wactng excludes any agtificant degree of mutral disease
P Fjection 1 eriod s F  Stow Filln
FP Diastslic Filung enod A S Atnal sys em
F  Rapd Diline }CC  Electro rardrogram
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LESIONS OF THE TRICUSPID VALVE
TRICUSPID INSUFFICIENCY

Tricusprid msuflicaency of functional ongmn 1s much more common
than that of organic ongin

Conditions 1ssociated with the nght ventrieular hypertrophy and
dilatwtion of the tncuspid nng give mise to the trcuspid insufficiency with
the advance of the disense  Peculiar to the tricusmd leaflets which are too
small to close the onfice completely shght tricuspid wsufficiency 15
physwologieally present even 1o normal beings  In the absence of cfiectnne
night ventricular contrachion closure of the tricuspid orifice 13 not complete
Atrial fibrilfation cn also contribute to wmsufficient closure of the trcuspid
onfice Besides enlargement of the nght ventncle retracts the papllany
museles and chordre tendinie from the tricusprd leaflets Associated
dilatation of the nght ventnicle enlarges the tricuspid nng and onfice

Orgamc tncuspid insufficiency 35 occassionally noted 0 cases of
stheumatic mitral or aortic valvular disease  Rarer causes of tricuspsd
insuffciency described 10 the literature e traumatic  bacteral endo-
carditis and even congenital
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Right atn! super or vena el infersor ven caval and jugular venous
treing —

In cases of the nght ventricular congestive failure with normal
tricusprd vabve there 1s a fill of pressure m the nght auncle durng early
ventricular systole due to descent of the tncuspid valve but with msuffi
clent tncusprd valve dunng ventricular systole blood regurgtates m the
nght wricle from the night ventricle leading to the mereased diastohe
volume of blood 1 the nght wncle  As a result of this persistent nght
auncular stasrs and the impact of regurgitant stream the pressure mn the
night uriele and the neighbounng, venous system increases markedly
grang nise to well nown v wave of tncuspid wsuffciency  This 1s some
times cilled ventnicular venous pulse or ventnculwzation of the venous
pulse  For the same reasons the slope of the descending mb of v wave
becomes rapid  gving nise to a plitean or even & positive wive between
v and ¢ wnes of the subsequent beat * Ilis explans the mechamsm
of the clinically observed systohc expansion of the exterml jugular vems
or mternal Jugultr vems near the ear lobe

The striking feiture however 15 the reversal of central venous pressure
gradient dunng the ventricular systole  The normal flow 1s restricted
durm, dustole Moreover 1t mav be possible m the course of cardiac
cathetertzation to demonstrite lugher v wave m the nght auncle thwn
that m the subclavian vem

The figure 96 shows that m trrcusprd nsufficiency theie 15 1 reversal
of a pressure gridient between the supenior vena ¢1va and the nght qurncle
during the entrre ventricular systale ** The nght auricular pressure 15 ele
vated often to 4 mewn pressure of 10 to 25 mm Hg and ncreases much
higher during exerase  The reversal of flon from the mght auncle to
superior vena cavi durmg ventricul o systole merenses during evercise

The height of v wave will 1o he contiolled by the dilttation of the
nght atoum by the ‘volume elastcaty properties of 1ts musculature  With
greatly dilated nght auncle the svstolic regurgitwt stream has hitle
effect on 1ts large content
strial fibrillation wall also modify the night atnal
traong  Auricular fabnllation mcreases the nght atnal and venous stas s
and will also prevent the effective closure of the tricusprd valve as atnal
systol necessary for the complete closure of the tricuspid valve There
Iys ole hﬂe S ence of auncular fbrillation and nght heart fallure v

ore 1 th bpcﬂ‘ coentuated despte normal tnecuspid valve  However
::::z :’;llly be much more elev ated with the tnicuspid insufficrency

ure tracing

se ditstohc and mean pressures are elevat

The presence of the

Rught ventricular press
The nght ventricular systoll
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Figure o6
Figure howing the reversal of central venons pressure gradint duning the ventnculit
systole n tnicuspsd ansufficiency  The systolic venous pressure increa es from 18 o«
mm Hg as onc¢ goes from the arm temns to the night atrum near th tncuspid
L c Eleetro cardiogram
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Figure g7

Right ventricular (R V) pres ure tracing showing the tymeil pattern with an clesated

end diastolic pressure and the mght atmal (R A) presurc traang showng the

tneuspid imuffaiencs in 2 case of intringie myocardial disease with siht congestne
heart fadure

E C & Electro cardiogram

ed The nght ventricular pressure pattemn n general 15 suwilar to that
found 1 chronic constrictive perearditis The carly duastolic dip 1 the
nght \entricular tracing shgatly precedes the fall of large + wue the
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nght auncular tracing simultaneously recorded because 1n early djastale
the atno-ventricular nressure gradient 15 the Inghest and the nght ven
trcle 15 able to recerve the maximum amount of blood An elevation of
the night ventr cular drwtolic pressure 1f present denote the nght ven
tricutar fulure

The pulmonary flow mtilly 1s dimimished by the amount of blood
that regurgitates 1n the right auncle dunng systole  The 1 rger volume of
blood 1 the night auricle subjects the nght ventricle to 1 hugher filling
pressure wnd the nght ventricle 1s dilated further to tccommodate extra
blood The greater the nght ventricular diatation sreater the degree
of tricuspid 1ncompetence ind therefore gretter the leal Ultmately the
situation gets stablized

Assoc ated Iesions

The dynimues of mitra! and/or 1orbe vabvulir lesions may be modified
by the prefénce of functional tricuspid msufficiency  In cases of mtral
stenosis the pulmonary resistance were found to be lugher when accom
pamied by functronal tncusmd msufficiency

Dve mjection
In tricuspid sutficiency part of the Evans blue dye when myected
m the rnight ventricle through the distal lumen of a double lumen catheter
with the proxmil lumen n the nght wuricle can be recovered from the
provimal lumen Similar technique has been attempted m the expertmental
mtral msufficrency
TRIGUSLID STENOSIS

Organic tricusprd stenosis 1s mv anably due to rheumatic fever This
1n almost 80 of cises 15 assocrated with other valvular lesions mutral or
aortic Tsolated trrcuspid stenosis reported m the literature have been
very rare ' Occasstomlly tricusmid stenosis 15 assocrited wath tncusprd
msufficency  The other causes of tricuspid stenosis are bacterral vege
tations thromb: or tumors projectin,, m to the tricusptd onfice and even
on congenital basis The most rehable method of diagnosing or excludmg
tricuspid stenosis 15 cwdine cathetenzitions

Tught il supenor vena cwval inferor vent caval and jugular venous
tracing —

Cintrn to tncusmd msufficiency ncreased dastolic flhing of the
nght '\uncllz 1n tncuspid stenosis 1s due to mcomplete emptying of the
nght auncle durng ventrienlar dristole

The lwge volume of tml blood m the late ventneular diastole

he

! more forceful atml contriction gwing nise to marked a wave
induces
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of atrud systole  The descendimg, hmb of 1 wune shows more rubud
fall Lecwse of bleod flowing through the nrrowed tricuspid onfice s
compired to rimd or sudden fall m tricuspid nsnfficencs

Bes des obstruction it Whe trncuspid onfice e cwse the back How
of blood mto the neighbouning vemns durmg tnal systele  This expluns
the mechatsm of cluically obsers ed cervical venous pulsition durmy, atrid
systole  This 1s sometimes called atenl venous {or ateuiliz wan of venous)
pulse This 15 so occrssiomlly observed m mter il septal defect
The ¢ wave 1s generally not remarkible

The mean rizht aneular pressure 1s so ddevated markedly m trias
picd ansufficrency **

The g1 wdnal f31 of the descending, b of v wave 1n the nght wncle
1s the most mnortnt smgle fictor m the dignosis of the tncuspid st
nosist - Adequate number of cises of tneuspid stanosis have not been
cathetenzed to work out Ry/V" rate With the surgrenl vehef of tncus
pid stenosis the trnstricuspid distolic pressure gxdient wmd the slapc
of descendmy, hmb of the nght wrculw v wwe e be brought closer
to uwo mil

However the most marked change md the dignostic fetture of tn
suspid stenosis 15 the mere wed pressure giidient between the right wncle
wd the 11.ht ventnicle durmy, ventriculwr diwstole ' 1F simultmecus
pressure triangs we tiken m the nght wncle wd the nght ventrck
with 1 double Tumen catheter it cm be demenstrated that the pressare m
the nght wnde 15 considerbly Ingher thin the night ventneulir & wtole
pressure durmg the entire distole This 16 conspreuomsly ithsent ity
cuspid msuffierency

Tight sentricular pressure tracmg

The systalic wd the dinstohe pressure should be normal hut prct
caly they we hagher Tecwse of wssocrted mutral dise we

Combined tricuspid lesions

Fxp 1t chmams do observe the double ecrvical venous pulsitions—
one svstohic {(dunm., vontricalir systole) nd the ather pre systobie (dunng,
wnd swstolo The nght wnal triangs of these ¢ses will demonstrite
gant t wue of tnouspid stenosis wd by, v wave of tricusped msnfft
ency

Tracusprd valve stenntie aret

hnowmg the pressurc giadient wross the tncuspd crdie ontprt
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wd the nght ventricalw distohe filhing period  tricuspid valve stenotic
wea cm b clenlted by Gorlms hydrilic formule

Cardiic output

It 15 hirdlv necessary to mention the dimmution m erdric output
Resistince of the tricnsmd vilve ¢ be calenlated s follows

{RAm — RVdm}

Resntince of the tncsmd vahe = ~ 26013554

co
where RAm 1s n ht wncalw mewn pressure
RVdin 15 Right ventricular distohie men pressire
wnd CO 1 Cirdine output

As the nht wncalw wid rght ventriculir pressure tiaangs e
ewsdy nwuhble the vilue abtuned s fiee of such wsumntions
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CHAPTER IIT

HYPCRDYNAMIC CIRCULATORY STATES

HICH OUTPUT FAILURE

[The discussion of high output fasture has been
mcluded here because now adays the most
popular and correct availble method of
caleulating the eardiac outout 1s by nght heart
catheterization ]

Physioleacal ncrewse m cardiac output can be caused by several
t &

factors Iike lar exercise d of food peutic
mfusions pregnmey lhigh alutudes et etc  However discusston here
15 limited only to the pathol 1 conditions d with igh outpur
farlure

Most important conditions where the diagnosis 1s hkely to be nussed
are the followng

1 Hyperthyroidism

n Acquired left to right shunts (Areterio venous fistulla)
m Anaemia and Beriber:

1 Severe pulmonary emphysema

v Pagets disease of bones certam liver diseases etc

When any of these conditons 1s accompanymg anv mitral disease
the haemodynumic findmgs are so much modified that the correct evalua

tion of the patient 1s not possible

Hyperthyroidism

1t 35 of piramount mportance to exclude hyperthyrordism m a case
of mutral stenosts before evaluatmg for surgery It has happened 1n the
past that n cases of mtral stenosis accompanving hyperthyroidism has
been diagnosed dunng cardiac catheterization

dism markedly increises the cardiac output m order
to ml;::‘zvl:tvl:’ il:l: i;‘;eased metabohc needs of the bodv nd heat produc
tion At the same ume the eles ated cardiac output keeps the heart under
Hremodynamies m 2 caso of heart failare will be completely
e compheatng hyperthyroidism  Thus cardiac output m
the profound congestive heart failure can

great stram
modified by th :
a hyperthyroid mdndual with
be high i bsolute values
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Actquired left to right shunts
{Artenio venous fistulla)

Oue cise of wquired left to nght shunt it the 1orto pulmoniry level
probably due to syplihitic rortitis was studted m the present series  The
cardine cathetenizition findmgs were more like those of pitent ductus
wteriosus except that the pomt of wtenlization of bload w1s somewhat
it 4 lower level 1e 1t the root of the pulmonary artery Besides the
caleulited cardine output was close to § hters  The clesure of the fistult
could not be ttempted becwuse the patient died perhips due to the
complication of hypothermiy 1t the operation table  The elevited cardire
output 1n these cases 1s due to mcereised strohg output ind trchvewdn®®
The mechwsm of causation of high cardue output consists of wgmented
venous retuin wnd lower systemic resistince  When congestve fulure
sets . cardie output somewhit falls but stll st s ugher in 1bsolute
vilnes

The dummished systemic resistence 15 becwse the arternl blood finds
it caster to flow via the fistulr through the venous chnnels with lower
resistnce rither thw nassing through the norml artenl chinnels
Subseruently blood volume ncreases rasing the venous pressure shil
further resulting mto augmented cardine output  Event tilly 1 state of
balwmcee s rexched
Anterm and beniber:

These two codittons ¢in be discissed torether becwse the mnderly
m,, mechmisms of the clev wted cardiac output wppetrs to be very, similar
m cach of them Reduction m penipheril resistance bican e of the vase
dilitiion of the systemic capilliries due to rccumulition of ad meta
bolites 15 1 common fictor 1 both of these conditions

In horiben these goid metabolites wre pynvie ind Licte wad becwse
of lwk of thimmme which 1s necessary for chexylwe the ensyme
ossential to oudise these acid metibolites  In severe niemmas it 1s tissue
weat which lead to the weumulition of these metibohtes'  In ether
Case these metibohites act directly locally or redlexly on peripheril cpilliry
d hitton These penpheridl capilhwey dilitition has the hemodyn
mic effect smulating multiple left to nght small shunts The nwked
dimmution of the ¢hstructive element 1t the systemic caynllnes results
mto weeler tion of the speed of erreu! ting blood wd therefore circulition
time dimmishes murhedly  Venous retur merenses at the sume time
resulting, mto day ted cardiie ontput
Severe pulmonan, emphysema

If the pulmoniry function with il jts reserve s mot enough te
wmntan the normil ovygen supply to the tissues the resulting tissue
hypoxemit reduces the peripherl resistance thereby incresing the speed
of arculitmg, bleod md venens retim 2 Ihis results mnto ele rted
cardiie ontput
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However alonguith this hypoxermit if the pulmowry  resistance
mereses greatly the speed of arculating blood m1y not merease 1t Wl
The pulmoniry ciprllaties then bebme 1s obstruction and prevent the
speeding, of arculiton  In prictice cudie output s frequenth
imimished or nermal i cses of cor nulmenale

Pagets dise1se
The resistance to the blood flow through the actively diseased bones

1s dimnushied  resulting, mto hyperkinetic arculatory stite  This increases
venoug retarn The bom channels act s multiple arterio venous fistulae

Luver discases

Normally the Iner detovicates vaso dep b In ext
Iver destruction these toxic substances accumulate 1n the bodv giing
nse to viso cilatition  The mechmsm 15 more or less the sime as in
benben
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Post op  Post operative
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Eacll tablet :onhln’ in grafns A
- A
Rauwolfia serpentina 20 wuhmla somnifera os
Ext Nardostachys jatamansi 0.5  Exts. Evolvulus alsinoldes) -
Hydrocotyle ashaticase d 025 Eclipta alba yaz 02
Asparagus ricemosus os Herpestis monniera) . :
- o

THE HIMALAYA DRUG CO,, 251, -Herdby Resd, BOMBAY-I
Hakers of the Warld's Piencer Rauwelfia Hypatensive — SERPINA.

@ A safe hypomulve of precise
therapeutic val 3

® Eauly adjusted oral dosage

® Relieves fatigue and tenseness
anxiety states promotes feeling of well belng

@ No necesuty for frequent blood
pressure determination

# No extreme sedmve or vnfavougable ® Developed and climically tested on
hypotensive act] mullions of cases over a perlod of T years

® No serfous toxic reactions @ Presceibed snd sold all over the world

The torld 5 Ploneer Raunolfia
Hypotensive & Cerebral Sedanve

-
Serplna Standarchsed 4 my Total Alkal Ids of

Raunolfia serpentina { Benth) per tablet

TIE HIMALAY A DRUC €O 251 Hornby Road Bombay !

WD.$5 A
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X-RAY FILM

CLEAR AND BLUE BASE
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IN EVERY ™
HOME...
# They are dependable econmomical and safe
cocking stoves Prabhat stoves do not emmt

bad adours smoke or fames because they
work on the pnnesple of gos exmssien  Prabhat
»No 1 stoves are hited with onmnal Swedish

<, PHIMUS BURNERS
G,

PRABHAT PRODUCTS CO.

> . Nehle Chamhers, Parsee Bazar St
Y gt T Head Office: "5 gy gax Ne. 191, BOMBAY 1.
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BASYDEX LIQUID

A MULTIVITAMIN PRODUCT WITH CALCTUM
PHOSPHORUS AND GLYCEROPHOSPHATE IN
A PALATABLE AND NUFRITIOUS MALT BASE

'TO CHECh TRE STATE OF MALNUTRITION
IN CHILDREN ADOLESCENTS AND
ADULTS

Composstion

Each 30 m} conjans

Vitamin A 25000 1V
Vitamin B-1 BP 5C00 10
Vitmin D BP 18 mg
Vitamun B2 8P 5 mg
Vitamin B § BPC Lmg
Niacimammde BP 50 mg
Caloium Lactate BP 300 mg
Acid Phosphone BP 02 ml
Sodwmm Glycerophosphate N ¥ 380 rag
Choline Dshydregen Crirate 50 mg
Methionme N F 50 mg
Inositol N ¥ 10 mg

Detalled pact culers on request from.

USAN LABORATORIES PRIVATE LTD

Amn Vs 13 Dattatray Reod Sontocruzr West
Bombay 23

Licase mention th fossmol when wrting 1o the 4derines
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Everything for

CARDIAC CATHETERISATION

{a) GALILEO MULTICHANNEL ELECTROCARDIOGRAPHS
and RESEARCH PECORDERS for Cardiac  Studies

(b) ATLAS Special ELECTROMANOMETERS

(¢) ATLAS Unwversal OXYMETER

{d) CARDIOSCOFES for Visual Momtoring

(¢} BALLISTOCARDIOGRAPHS PULSE and other Auxilliary
attachments

(f) BURDICK Single Channel Direct Pecording ELECTRO
CARDIOGRAPH {

THORACIC SURGERY

(a) THORACOTOM — Special Electro Surgical Umit

(b) MORRIS Combined Chnical Defibrillator and Spacemaker

— ALSO AVAILABLE —
Diagnostic X Ray & Decp Therapy equipments, Ultra Sound

Diathermy & Physical Mediemne Equipments Cerebral &
Angrographic Equipments

Sole Distnibutors

X-RAY & ELECTROMEDICALS (INDIA)

Malabar View Chowpatty Sea Face BOMBAY7
Phone 22490 Telegram GRAMORADIC

Please mention this Journal when unting to the 1d ertisers
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Current

Medication HOU Dé

. Cardiclagy

NEUTRAPHYLLINE

dihy 1wy opvl T th aphath e

MAIN ADVANTAGES

* 5 times le.s toxie than Aminophylline and more effective than
Theophyilme

+ 1 zect are tetely Y

* Intravenous injections are perfectly tolerated

* Effective aral or rectal admintsiration without focal secondar,
reactions

* Has po chemical meompatibilities

Prewont 101
NEUTRAPHXLLINE Ampoules 300 mg
NEUTRAPHYT LINE  Tablets 150 mg
NEUTRAPHYLLINF PHFNOBARBITAL Tablets
NEUTRAFHYLLINF COMPOUND Tablets

LABORATOIRES HOUDE

Sole Agent.

ATUL DRUG HOUSE

85 Anme Besant Road Worls Bombay 18

Tel 34545 Grams ATULDRUG

T T Y S
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DAVOQUIN

=
]
= ¢ ,
= Albert David
]
S For treatment of Amoebiasis and
o
- Prophylaxis agamst Malaria
-
a This important combmation 1s an advance mn the modern
= therapy of amoebrasis when 1t 15 bemng mncreasingly realised
n to combire a drug of general action associated with drugs
] acting on the intestinal wall
n
-
- COMPOSITION
Chloroqumme Diphosphate 65 mgm

(Equivalent to 50 mgm of base)

Dnodohydroxyquinohine 02 gm
Todochlorhydroxy quinoline 015 gm
DOSAGL

2 tablets three times daily for one to three weeks

‘Ivll‘ll\ll\l‘\llllﬂlﬂ\llllllllll!!lll

PACKRING
Bottles contamning 20 50 and 100 tablets

Manufactured by

ALBERT DAVID LIMITED,

15 Cluttranjan Avenue

CAICUTTA - 15

BRANCHES

MADRAS DELHI NAGPUR VIJAYAVADA
SRINAGAR GAUHATI

BOMBAY

R MR EENEDERNNERENTE N RETRRED RN

AN IR AN EANNNNEERARED

r
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HEART INVESTIGATIONS 7

For CATHETERISATION

ELEMA 05C1LL0SEOPE - double becm

ELECTROMANOMETER, OXIMETER,
& OTHER UNITS

For ANGIOBRAPHY

o

SIEMENS x Rav PLANTS 1 <pecial dign
ELEMA i crancess

SCHONANDER quick semiar cassrTes

ODELCA wimgor caMERAS WiTh
RAPIDIX CASSETTES

1 or jurther detod pies ¢ wnite ta
\ RAY & ELI CTRO MEDICAL DEPARTMENT
THE EAST ASIATIC €O, .won: PRIVATE LTD

RBOMBAY ® MADRAS & CALGUTTA # DELHI & LUSKNOW

P P Bax 146 P Box 368 Delto Omama_Bharwan House

Bax 639 o Buldng | Warr Hatsan R
NAGPUR . SECUNDERABAD - TRIVANDRUM

fambe Jeera Carner Dot ¥ fas Compound
i e Rasticapeiht R4 20A Tharpanaor

b tfie A F et e s
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Fablets
Each Tablet contains 13 grs

Injections
Each Ampoule of 10 c¢
contains 024 G Ammophylline
Presentation
Bottles of 30 & 100 tabs

Boxes of 6 25 & 100 amps
of 10 cc

Tabhlets
L~ h tablet contains
Ammophylline BP 1} grs

Phenobarbitone
Sodium BP igr

Presentation
Bottles of 30 & 100 tabs

Monufactured in Indio by

THE FAIRDEAL CORPORATION (PRIVATE) LTD
142 48 Ghodbunder Rood Jogeshwars Bombay 42

The Kedak Girl Says!

For hgh contrast matenals
that give cleor cut cardrogrophs
insist on Kodok Film Paper
Chemicals ond Equipment
They ore made to work togath »
to produce results of
the highest quality!

tIncorporsted In England w th Lim ¢ 41§ bilny)
Bombsy Calcurrs Dl M dra

Please mention this Journal when urniting to the Adverlisers
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N merit LIVULES sontasms pro >ed fner and stomach powdes
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ALEMEIC CHEMICAL WORRS
€O LTo BARQGA 3

YOU CAN PUT YOUR CONFIDENCE IN ALEMBIC

ADRENALIN ~ EPHEDRINE

CREAM
FOR MYALGIA & RHEUMATISM

COMPOSITION
Adremalin B 56 my
Ephedrine He) B9 180 my
Spect tera mb a4 2 gm

ot

NATIONAL PHARMACEUTICALS
P O BOX 90! BOMBAY |
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COMBINANTHIN
an
cffective combination
of
Purophyltm (new water soluble theophylln dernvatne)
Pentaerythrito]l Tetranitrate and Phenobarbitone
with
prol d speaific v dil
and
myocardia] stimulifion
for
coronary artery disease
v . .
Manufactured by
SIEGFRIED LTD ZOFINGEN SWITZERLAND
. N .
Dustributed by
MAC LABORATORIES PRIVATE LTD
60 Sic P M Road Fort BOMBAY 1
e A S e A
NOTICE TO SURSCRIBERS
Subsenption rates  Inlind il subsenptn Rs 6/
students Rs 4/ (ncludmg postige) pavable in advanee Smgle copy
Rs 2/ post pud
Peruttimees Should be mude by postd order md money
H orders puable to Journ) of JJ Group of Hospitds wmd Grant
& AModical Collegc
Change of Address Notiwe of Chante of tddress should e
recened 1t least one month pror to the date the change 18 to g into
effect wd shiould state whether the change s pormanent or tanpo
rury  Both old 1nd new addresses should be gnen
; All regirding subseny change of wldresses
cte sheuld be addressed quoting the Subscription Number to the
¢ “ournal of J] Group of Hospitals and Grant Medienl Collese”
g JJ Hosptal Bombay 8
In case of non receipt of journal the office should be informed
with 10 dns of the date of public on
Caaeta)
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