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3} am delighted to join the proceedings of the
25th annual canferance of the Asro Medical Soclety
of India and am privileged to he asked to deliver
the Subroto Muker|ee Oration for the year.

Air Marshal Mukerjee was the first Indian
to becomea the Chief of the Alr Staff of the Indlan
Air Force after independence, He was keenly
interested in  the Air Force Medical Services
and laid its firm foundalions as an organisation to
cater to the special needs of the Indian Alr Force,
The Ingtitute of Aviation Medicine, which is the first
of its kind in Asia came inlo existence because of
his farsightedness, patronage and suppart.

Alr Marshal Mukerjee was the first palron of
the Aero Medical Soclety of India when it was
formed in 1952 and remainad so for the next saveral
voars till his untimely demise in 1960, He had taken
a very keen and active interest in its development
and activities during Its formative years, As a mark
of its gratitude and appreciation the Aero Madical
Society of India instituted, In 1871, an oration named
after him, lo be dalivered during Its annual meseting,
Since then eleven medical sclentists from India and
ahroad have delivered the cration on subjects of
importance to madical scientists in general and the
members of tha Aero Medical Sociely in particular,
| am privileged to be the twelfth such speakar,

The subject of my discussion is ""Recent
advances in diagnostic techniques In cardiology".
The last three decades have seen phenomenal
advances in various flelds of sciontific thought and
action and many ideas considerad fictional not
many years ago are now a matter of daily practice,
Medical sciences have also kept pace with these
advances and speclacular advances have taken
place on all fronts, conceptional, diagnostic and
theraneutic. Progress in cardiovascular medicine
and surgery has been specially phenomenal and far
reaching; more than perhaps in any other related
field. These improvemeants reflect the neads and
capabilities of the present times.
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Advances in diagnostic techniques

The most impartant advance In cardiovascular
practice in the past quarter century has been the
development of cathelerisation of the human heart
which is now a matter of routine and undariaken
with relative ease and patient safsty. it Iz difficult
to imagine what the study of cardiovascular diseasa
would have been today if we had to analyse the
problem without the enormous anatomic and phy-
siological knowledge derived by cardiac catheteri-
salion during these years, Dr Andre Cournand
who received the Nobel prize in Medicine for his
efforts In this field remarked In his Nobel leclure
that “the cardlac catheterisation was..................
the key to the lock”. By turning the key Cournand
and his associates and others who followed him in
later years led us inlo an era of understanding of
tha normal and abnormal circulatory dynamics. The
fittles and sixties witnessed an improvement in lhe
Invasive method of cardiovascular diagnosis with
beltar Instrumentation, newer techniques and routine
uge of sglactive angiography. In recent years
Invasive investigation has advanced further
specially In the fields ot Investigating ischaemic
heart disease by selective coronary angiography
and the development of technigues of bedside
haemodynamic studies using balloon floatation
catheler for pressure measurement and  thermal
dilution techniques for estimating blood flow. The
immense contributions of these lwo newer methods
for an Intelligent and precize evaluation and mans-
gemenl of Sariously sick cardiac patients are wall
known today.

While the fifties and sixtiss witnessed advance-
ment of invasive technologies of cardiovascular
investigation, non-invasive technigues of invastiga-
tian have come to the fore frontin the seventies
and early eighlies and will continue to dominate the
fiald in the fulure also. Non-invasive technigues
have the advantage of being without any morbidity
or-mortality, are generally repeatablz and therefore
preferred both by the patient and the investigalor as
an initial investigation as well as to rendar long tarm
Tollow up easier and acceptable. Since most of
these methods have been validaled against more
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direct and precise data obtained by cardiac cathe-
terisation and angiography as well as at sUrgary or
at aulopsy, their sensitivity and specificity are genar-
ally well known thereby allowing the physician to
give value judgement and appropriate importance to
the data so obtained,

Several groups ot non-invasive tachnlgues are
prasently practised. Theseo are :

{1} Electrophysiological techniques :
{a) Electrocardiography
(i) Resling
(ii)
(iii) Stress festing

Ambulatory (dynamic)

(b} Electraphysiolagy

Non-invasive recording of His bundle poten-
tials

(2} Graphic techniques :
fa) Systolic time intervals
{(b) Apex cardlography
(c) Cardio kymaography
{d) Phonocardiography
(2) Transthoracic impedance plethysmegraphy
(3) (a) Echocardiography
() ‘M Mod=
(i) Two dimensional realtime studies
{b) Doppler studies
(4) Radionuclide stutlies
(a) Radionuclide ventriculography
(b} Infarct imaging technigue,
{e) Perfusion scanning
{d) Qthars
(3} X-ray lmaging technigues
{a) Bynamic contrast imaging
{b] Dynamic spatial reconstruction

{c) Muclear magnetic resonanca



(6) Laboratory studies

{a) Serum enzymes

()} Serum lipids and lipid transfer and
mechanics

(c} Serum levels of drugs etc.

fd) Special studies eg. renin assays etc,

In the next part of my talk | will not discuss
Inyasive lachnique but will highlight some of tha
non-Inyaslve technigues avaifable tor and used in
curtent cardiac practice and perhaps of special
importance lo the presenl audience.

Ambulatory ECG monitoring

Since its infroduction by Holter in 1957 ambula-
tory ECG monitoring over extended periods of time
has rapidly become a widely applied clinical tool.
The Tundamantal principle of the method is a
confinvous recording of ECG information for play-
back at a later date, |t thus differs from continuous
ECG maonitering which provides immediate on line
display of cardiac rhythm as for example sean In the
intanslve care areas or In the exercise laboratories.

The components of an ambulatory system
include : (a) recorders (b) scanners and (c) data
analyser and recorder. The clinical indications far
ambulatory montoring are :

(a) Diagnosis :

Suspected cardiac arrhythmias
Bradvarrhythmias /tachyarrhythmias
Transient myocardial ischaemia
b} Evaluation :

Drug efficacy / safety

Pacemakar function

Post myocardial infarction arrhythmias and far
ischaemia.

The following cardiac diagnoses suggest the
need for ambulatory monitoring ¢
{i) Myocardial ischaemia (Angina:-MI} with
PVCs noted on the ECG or by stress
lesting.

{ii} Mitral wvalve prolapse with history of syn-
cope of with prolenged QT inlerval.
{iii) Prolonged 'QT* syndrome,
(iv) Cardiomyopathy
(v) History of primary ventricular fibrillation
(vi} Pre-gxcitation syndrome
(vii) Valvular heart disease with symptoms of

palpitation and syncopa.

Ambulatory ECG monitoring may also be useful
for apecific symptoms like :

(1)
(if)
i)
(iv)
(v}

Palpitations

Dizziness and/or syncope

Transient lachaemlc attacks
Complatad strokea
Selzure disordars.
Interesting reaults from ambulatory monitoring
of ‘normal’ individuals have been observed and may

be of interest lo the presentaudience. Some of
these studies are tabulated hara :

Author  No of Age PVC
sub- (Years) Sin- Multi- Com- V. Tachy-
jgcts average gle ple  plex  cardia
Silsan 37 40 = 5 -
Erodsky &0 23-27* KO 2 4 --
Hinkla 283 55 62 9 54 3
Glasser 12 G4 all 15 31 -
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*(Medical students)

These studies in normal, sympiom-free patients
demonstrate that :

{a) Infrequent PVCs are commom,
PV¥Cs are uncomman,

young.

Frequent
specially in  the

(b) Freguency and complexity of PVCs increase
with age. This may represent an effect of
advancing age or be a manifestation of

subclinical haart disesase,
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The finding of a frequent or complex ventricu-
lar ectopic aclivity does not necessarily Iindicate the
presence of significant IHD. Kennedy and associa-
tes who evaluated these patients by coronary arterio-
graphy reported thatin 25 patients in whom these
were recorded, the coronary arteries were normal in
14, had minor Insignificant disease in 5 and signifi-
cant disease in only 6 patients. It would thus appear
that a majority of apparently healthy subjects with
frequent and complex ventricular ectopic activity
do not have subclinical IHD and therefore a conser-
vative management s Indicated.

Exercise stress testing

Since physical exerclse stresses the heart to uti-
lise its reserve capacity itis a useful mechanism of
objective evaluation of the heart's perdformance and
specially for delineating any latent problems,

Regular physical exercise Increases total body
fithoss as measured by oxygen uptake at maximum
exercise or VO, max. This results from improve-
ment in cardiac factors (like an increase in cardiac
output) and peripheral factors (i.e., increased peri-
pheral extraction of oxygen with a widened A-VO,
difference) as hiphlighted below.

(a) Cardiac mechanisms !
Increased cardiac output
Increased stroke volume,
Increased venous return

Increased myocardial contractility,

Reduced heart rate at rest and at any given
workload.

(b} Peripheral meckanism ¢

Reduced systemic vascular resistance.

Increased capacity for aerobic metaholism,

Sinca stress testing is specially useful for svalu-
ation of natients with ischaemic heart disease (tHD)
factors governing myocardial oxygen consumption
and coronary blood flow should be appreciated.
Thesa are :
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Principal delerminants of myocardial oxlgen
consumplion (MVO,) :

Heart rata

Myecardial contractility
Ventricular wall tension

Peak ventricular systolic pressure

Ventricular voluma,

Determinants of coronary bload flow :

Coronary perfusion pressure
Coronary vascular resistance (auto regulated)

Myacardial oxygen tension (dependent on My Q.

The use of exercise to evaluate patients with
suspected IHD dates back lo over 50 years. The

test has evolved over the years and most recantly
treadmill testing or bicycle axerclse have been Used

to provide standardised, strenuous and regulatad
exercise. Exarcise protocols requiring leg muscle
activity are preferred. Graded multistage protocols
are commonly used with gradually Increasing wark-
loads at 2 to 3 minutes Intervals, the most common
such protocols being those raported by Bruce or
Ellestad. While early protocels utilised only & single
ECG monitor lead (viz.,,CM,) to detect changos of
myocardial ischaemla presently multiple lead sys-
tems are preferred since these enhance the sensitl-
vity of the exercise test (from 56 to 88%,) withaut
raducing the predictive value of a positive test {D0%.),
While the recommended degres to which the
patient should exercise remalns controversial a
submaximal test is common but a maximal or sy mp-
tom limited stress test is more physlological and Is
not any more unsafe as compared to the submaxi-
mal test,

Recent evaluatian has resulted in beter under-
standing and clearer indications for nonlnvasive
exercise siress tost. These ara

(i} =san aid In diagnosis of chest pain,

(i) to determine the severity and prognos(s
of cardiac disease especially IHD,



(iii} to evaluate cardiac arriwvthmias,

{lv} to gulds rehabllitation after acuta myo-
cardial infarction or cardiac surge:y
specially coronary artery bypass,

{v) toevaluate madical and surgical therapy
of cardiac disease,

(vi) o screen high risk professionals (airling
pilots, train drivers aic.),

(vii) 1o assess coronary risk facters in an
asymplomalic persan, and
{viil} as a safety checkup prior to  prescribing

a physical fitnass programma,

Exarcise tasting {9 contraindicated in palients
with ‘acute myocardial intarctian, unstable angina
pectoris, myocarditis, pericarditis, advanced caon-
gestive heart fallure, serious arrhythmias, high grade
&= M lock and severe resting  hypertension
{BP *220/150 mm Hg). Severe obstruclive valvular
discase (e.g., aorlic stenosis), marked pulmonary
hypartension, severe postural hypotension, sovere
anaamia and thyrotoxicosis are othar ralative con-
tralnd(cations for undertaking this procedure.

Siress  testing as a mathod of noninvasive
diagnosis specially for IHD is valuable only when
applled o an appropriate population. The number
of true posilive tests Is high in symplomatic pafients
with only a small number of false positive as against
g high talse positive and a lew true posilive rate of
stress testing in asymplomalic palianis so lested as
confirmed by coronary arteriagraphy. The predictive
accuracy of the test increases exponantially with
increasing dlsease prevalence in the testad popula-
tion, The predict ve valus is also related to the
crileria used for a positive dirgnosis, With use of
stringent oriteria (e.q. =25 mm 8T segment depras-
sion) even at a low disease prevalence the test may
be highly predictive of IHD.,  The greatest valus of
the testlies not 5o much In datecting IHD but rather
in evaluating the severity of the diseass and the
prognosis of patients with known IHD.  The siress
tesl iz particularly usetul in idanlitying patients with
this disnase who are in need of further evaluation

and therapy.
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Several features of the exercise test response
are helpful in interpreting the stress testand for
datarmining the savarity of IHD. These arse:

(iy the degras of ST daprassion and ils
morphology,

(i} "ST' segment elzvation,

(i) time of onset of 'ST' changes,

{iv) duralion of exercise tolerance,

{v) persistence of 'ST' change after exerclse,
(vi} changesin'R' wave amplitude,

{vii) response of blood pressure
hypotansion, and

spacially

{viii) exercise provoked arrhythmias and con-

duction abnormalities,

Horizantal or downsloping 'ST' depression is
nighly predictive of multivessal IHD as compared to
slowly upsloping ST depresslon or 'J’ point depress-
lan, The degree of ‘ST' sagmant deprassion also
has diagnostic significance for the number of
caoronary vessels involved,  Almost G0% patlents
with no 'ST' segment change have normal coronary
arteries by coronary angiography while marked ‘ST’
sagment dapression { 5 2.8 mm) is almast Invari-
ahly associated with severe 2 or 3 vessel disease,

Moraaver the disease in those with a nagative or
mildly positive test is raraly, if present, mullivessel.

The persistence of ‘ST’ segment dapression in
the post exercise period also raflacts the sevaerity of
IHD. Ovar 407, patients In whom tha changes reversa
within one minute have normal vesscls or single
vessel disease while changées persisting for 8 minu-
tas ar mors identify those with severe mubivessel
disgase.

The value of ‘ST' elsvation during a stress leat
has been weall studied. In patiznta with known pre-
ceding myocardial infarction such a change reflects’
tne axistence of an underlying vantricular ansurysm,
Howevar, in those without antecedent myocardial
infarction the tast reflacts the existence of severe
multivesssl IHD -and hence the nead far further
invasive evaluation. The role of vasospasm In soms
patients with raised 'ST' segment response lo exer-
cize is yel controvarsial,
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Exercise-induced changas in ‘R’ wave amplitude
are a useful marker for patients with IHD and undar-
lying ventricular dysfunction. The amplitude of 'R’
wava reportedly varies with the yventricular volume
and hence decreases in normal subjects wilh exer-
clse. Patients with significant IHD  frequently
davelop LV dysfunction and hence increased LV
volume with exercise. The 'R’ wave in such patienis
thorefore Increases in amplitude. It has been
reportad that analysis of exercise-induced ‘R' wave
amplitude changes enhances stress test sensilivity
(48 to 63%,) and specificity (58 to 79%,) as comparad
to conventional 'ST® segment analysis.

The exercise-induced hypotension is genarally
suggestive of savare underlying IHD with patients
havinp 2 or 3 vessels disease al coronary angiogra-

phy.

Unlike the above variables the value ot exarcise-
induced arrhythmias or conduction detacts is lass
well defined, Significant veniricular ectopic aclivity
with axercise |s likely to be associated with signifi-
cant IHD but not universally so, The significance of
axarcise-induced multiventricular or A-V conduction
block is even mare controversial. The devalopment
of RBBB doss not mask 'ST' segment changes but
of LBBB masks an Ischasmic response and thercby
precludes accurate interpretation of ‘ST’ response.

Basad on the many changes which develop In
response of exercise in patients with IHD a multi-
variate approach to the analysis of exercise test
performance has heen attempted. In one such study
the predictive value of the positive stress  test
increased from 78% when only ‘ST’ segment
depression was evaluated to 97% when any two of
the following variables were additionally present paak
double product less than 23 x 1073, exercise duration
(Bruce prolocol) I2ss than & minutss of ST segmant
deprassian persisting for more than 3 minutes Into
the recovery period. Such data have also besn usad
to stratify patients into a low or high risk category
on basis of a 4 year survival study.

Exarcise testing, in experienced hands is quite
safe. An analysis of 170,000 tesis in ane Study
revesled a mortality rate of 1 per 10,000 and morbi-
dity of 4 per 10,000,
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Echocardiography

This pulse reflected ultrasonic method of car-
diac examination was introduced in 1954. In the
thres decadas since then, spacially during the last
10 years, Its growth as a key clinizal procedure has
bean phenomenal. This safe, reliable, repaatahle
and painless technique currently plays an important
role in evaluation of almost all forms of heart

disease and Is a procedure of cholce in many. It has
relatively few disadvantages.

The reflected echocardiographic signal 13
displayed in a number of modes of which 'M' made
and two dimensional (2-D), also called cross sec-
tional, sector scan or reallime, are commaonly
employed. The past few years have specially wit-
nessed the evolution and disseminalion of two
dimensional echocardiography which has the
advantage of demonstration of the aclual lateral
relationship of cardiac structures ta one another
which is anly Inferred in ‘M' mode achocardiography.
Increasingly sophisticated electronic devices with
use of microcomputers are becoming avallable far
ranid analysis of echocardiegraphlc data like
chambar size, volume, ejection fraction and other
functional parameoters.

Anothar ultrasonlc tachnigue Doppler ultra-
sound is also being increasingly used, Its potantial
clinical applications include maasurement ot flow
through great vessels for datermining cardlac gutput
and the magnitude of shunts, for evaluating valvular
regurgitation and for identifying lurbulent blood fow
and tharzby the site of valvular obstruction.

While most cardiac diseass abnormalities are
currantly evaluated by echocardiography, It has ©
special rola in the following situations,

(i) Evaluation of mitral valve disease specially
mitral stenosis, mitral valve prolapse and
infective endocarditis.

Evaluation of aortic valve disease specially
aortic stanosis, aortic regurgitation and
infective endocarditis.

(i



{iii) Evaluation of the aortic rootfor dilatation,

aneurysm and dissectlon.

(iv)

Evaluation of prosthetic valves in the aortic
and mitral position.

{v)

Evaluation ot tricuspid stenosis and other
abnormalities of tricuspid valve.

(vi) Evaluation of pulmonary valve, specially for

study of pulmonary hypertension.

(vil)

Evaluating the size of left atrium and the
prasance of LA clots.

fviii) Evaluating the size and funclion of left
ventricle, its wall thickness and functional
parameters llke velumes, ejection fraction

ote, LY clots can also be visualized.

{ix} Evaluation of congenital heart disease, The
mothod, specially 2 D studies, have been
found to ba invaluable for study of necona-

tas for impartant decision making.

Study of pericardlal diseasa spacially for
daeteclion and guantification of pericardial
affusion,

(x)

Echocardiography is currently unable to provide
significant help In dataction of coronary arlerial
disease although it is able to detect the functional
eflects of such a diseasa on the heart. There are
also problems of obtaining reliable, reproducible
and accurate echocardlograms In all patients.  This
has hecome specially important in the recent years
since many sell-trained individuals have started,
using this tachnique without adequate knowlsdge
ofthe proper use of squipment and the concaptual,

mechanical and electronic  limilalions  of the
lechnigue,
Radionuclide studies

Radioisotopes have bzen used in medical

{including cardiac) practice for a long time.  Avail-
ahility of newer isotones and betier technical capa-
hilitiea, spacially the rapid development of imaging
tachnigues has resulied in a rapid and widespread
use af radienuclide technigues for invesiigating
cardiovascular disease states. Two main avenues of
[nvestigation are used :
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(&) Radionuclide ventriculography

(b} Myocardial perfusion and infarct imaging,

Radionuclide wventriculography (RMNV) is a
dynamic visualisation of the cardiac chambers by
detection of gamma radiation amanating from the
cardiac blood pool and is analogous to the use of
other forms of contrast angiography (e.p. conven-
tional cine angiography using lodinated contrast
madia). The applications of RNV continue to be
defined, These presently include ;

(i) assessment of regional and global LV

functions,

(i) assessment of the response of LV func-
tion to stress and drugs,

{iii) assossment of RV funclion and the
rasponse of exarcise and drugs,

{iv) measuremants of LY volumes,

vy identification of wall motion abnarmalities
of the lelt venlricle, and

fvi) evaluation of aortic and mitral regurgita-

tion.

RNV has advantages over convantional contrast
anglography because :

()
(if)

it is noninvasive, atraumatic and sale,

ventricular sctopic activity is not  produs

cad, '
(i) contrast dees not affact cardiac function,
{iv) a singls study allows situation of biven-
tricular function,
tv) geometrical cansiderations do not limit
accurate calculation af ventricular
valume, and
(vi) with equilibrium gated studies as single

injection allows serial views and repeated
imeages aver several hours.

Two methods of RNV ara currently utilised :
(1)
(2)

First pass method,

Equilibriem gated RNV.



Ea 11

i
i
|
]
]
!
!
!
:
!
i
i
]
|
;
]
|

S e o S e -

s T S o e L =

First pass method offers the following advant-
ages
(i) right and left heart are temparally visual-
ised separately,

(ii) there isminimal background radioactivity,

{ili) the study is shortand hence possible In
seriously sick patients without danger or

discomforl to the patients.
The equlilibrium gated method is advantageous
because of :

(1) Integraled information from many cardiac
cycles |s available,

(i) lime activity curves comprise many
poinis affording greater temporal resolu-
{lon and lacilitating calculation of ejection
rate, time and fraction,

(iii) there is a better evaluation of regional
wall motion changes, and
(iv) repeated sludies are possible with a

single tracer injection.

Radionuclide ventriculographic studies are cur-
rently being used by usfor assessment of global
and regional ventricular function in patients with
ehronic Ischaemic heart disease, acule myocardial
infarction, cardiomyopathy and other causes of
congestive heart failure, studies being conducted at
r'as’r.'with oxarcise and after use of drugs or subsa-
quent to surgery like coronary artery bypass graiting
(CABG). We find it particularly useful in identitying
ventricular aneurysms and other wall motion
changes in patients with ischagmic heart disease.

Myocardial perfusion imaging has become very
important since nawar technigues cof treaiment of
patients with ischaemic heart disease have become
available making it necessary lo detect, localise and
quantitate the extent of coronary arlery disease.
Myocardial perfusion imaging with thallium 201 is a
valuable technigue which can supplement the
availabla information. The clinical utility of the
procedure depends upon the ahility of the viabis
myocardial cells of concentrating thallium 201. Scar
tissue is unable to extract the injected thallium from

the blood and will therefore notfill in and will be
seen as a 'cold spot’. Perfusion defects which fill
in an delaysd images represent viable bul undar-
perfused myocardium whie those which do not fill
in dalayad images represents scar tlssue or acutely
infarcted myocardium,

Initial images are recorded scon afler Injacting
the tracer while the delayed Images are recorded 2
ta 4 hours later. The current clinical indications for
thalllum 201 porfusion imaging are ;

(n) Ewvaluation of patiants with known ar

suspected HD,

(i) Asymptomatic patients for detaction of
IHD.

{Il) Patients with severe IHD for resling
parfusion deflcits,

(i) Patients with ECG abnormallties
requiring clarification,

(iv) Patients with unintarpretable exercise
tests,

(v) Salection of patients for CABG,
(vi) Localisation of |HD,

(vii) Evaluation of functional significance
of coronary slenasis seen at angio-

graphy.)

{b) Evaluation of patlants with myocardial
infarction {localisation, extent, LV function
and for post MI rehabllitation programme.

{c) Evaluation of results of CABG,

(d}

(e) Evaluation of cardiomyapathiss,

Evaluation of corenary spasm.

{(fi Evaluation of patients with myocardial
infiltrative disorders.

Myocardial infarct scintigraphy using rad|o-
pharmaceuticals which are sequestered by the
acutely necrotic myecardium resulting in regions of
increazed radiotrace uptake is also recelving signi-
ficanl altention. |tis now being Increasingly ulilised
for detaction, localisation and guantitation of dcute
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myopcardial infarction. While the ideal radiotracer
for infarct imaging is yet net available, technitium
889m stannous pyrophosphate is most commonly
used and prevides a 'hot spol' of radioactivity in tha
Infarcted area.

Positive scans are detected in most palients
wilh acute infarcts imaged 2 to 3 days after infarction.
Transmural infarctions are dlagnosable In 907,
patients bul small infarcts may be missed. Non-
tranamural infarcts are nol detectad as reliably,
Serinl suanning over a number of days improves
the dateclion rale to some degree. However, data
nead to be carafully evaluated and other causes of
upleke (e.9,, breast tumours, LY aneurysm, fractured
ribs, cardloversion, valvular calcificalion ete.) should
ba excluded,

Scintigraphy Is specially likely to be ussaful for
ovaluating patients admitted several days after acute
intarction when enzyme and ECG changes are non-
tiagnhostic. Imaging may then be useful. It is also
useful if the initial results are equivocal or contra-
dictory. Imaging is also useful for diagnosis of RV
infarction. It is equally useful for diagnosis of
myocardial infarction after cardiac surgery, suspec-
ted Intarction with LBEBB, new infarctions or infarct
cutension [n patients with old or recent myocardial
infarctions and in myecardial contusions,

Bl e

While the above described fechnigues have
baen tested and tound varyingly useful in clinical
practice many more technigues are being actively
tested in the laboratory and have either been recen-
\ly introduced or are likely to be so in cardiac
practice, These include infravenous digital subfrac-
tion angiography, computed axial tomography of the
heatt, dynamic spatial reconstruction techniques and
nuclear maanelic  resonance. Of these listed
methods, digital subtraction angiegraphy is now
available for clinical use, It consists of the princinles
of computer application fo the wsll known meathod of
pholegraphic subtraction of radiographic images.
High speed computers digitalise high resolution
fluoroscopic images of vascular structures before

and after introduction of standard radiographic
conlrasl matsrials, Ullimately this results in images
of the heart or blood vessal without the overlapping
of soft tissues or bone density. The technique Is
currently successfully practised for visualisation of
the greal vessels in the neck, renal artarias and
pelvic vessels. The application fo the heart and
coronary arteries is being explored. It |5 currently
possible lo determine wventricular volumes, wall
mation abnormalittes and Identlfy graft patency.
Many changes will result from future Improvements
in technology but the technigue is already a raality,

In the last decades of the twentieth century we
ara moving fast n tarms of technological advance-
ment for betterment of the quality of life of the
community. Investigative technigues basad on such
advances are keeping pace with tha neads of the
time and give hope lo palienls with cardiovascular
dizease,




