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INTRODUCTION .

Transamination was defined by La Due and his assoclates
(1954) as the enzymatlc catalysed reversible transfer of the
alphe amino nitrogen of an amino acid to the alpha-keto-acid
with the synthesis of & second amino acid and a second alpha-
ke to~acid. wlutemic oxalacetic transaminase 1s an enzyme
which catalyses the reversible transfer of an amino group
from aspartic acid to alpha-ketoglutaric acid, ylelding
" glutamic acid and oxalacetic acid. This enzyme, hereafter
referred to as trunssminase, is found widely distributed in
animal tissues but 1s most concentrated in heart muscle.
{Cohen 1940), (Awapara and Seale, 1952). The latter
discovery led pa Due and his co-workers to study 1ts
concentration in human serum In cases of myocardial infarct-
ion, after they had established the range of serum transam-
inase activity in normal adults. (La Due et al, 1954), (La
Due and Wroblewski, 1955). In these studies, it was found
that the trsnsaminase activity of the serum was strikingly
elevated during the first few days after acute myocardial
infarction. These results have been conflirmed by many
workers e.g., Steinberg and Ostrow (1955); Kattus et al,
1956. the potential value of such a biochemical test as
an ald in the detection of myocsrdial infarction is very
great but it 1s not yet clear how much the test offers as a
supplement to the clinical, electrocardlographic and other
anclllary findings in the dlagnosis of acute myocardlal
infarction.

The presemnt study was undertaken with the object of
assessing the value of the test, as a routine procedure, in
the diagnosis of acute myocardial infarction by comparing
it with other dliagnostic techniques prescntly avallable 1in
gemeral hospital practice. serum transaminase activity
was also studled in angina pectorls at rest to determine the
value of assay in ditierentiating between acute myocardial
infarction and myocardial ischaemia. When the present
investigation was begun it was known that the test was not
specific for acute myocardial infarction since increased
serum transaminase activity had been demonstrated in the
‘presence of liver and other diseases. (La we and VWroblewskl,
1955). Therefore, it was decided to investigsate lliver
function following acute myocardial infarctiom to discover
if there was any relationship between impalrment of liver
function and increased serum transaminase activity. Se rum
transaminase activity was also investigsated In diseases
other than acute myocardisl infarction to determime whethsr
the lack of specificity of the test might lead to diagnostic
error in those conditions which may closely resemble acute
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/acute myocardial infarctlion e.g., dissecting smeurysm of the
aorta, acute pulmohary infarction, acube pancreatitis etc.,
or which may accompany it e.g., cardiac arrhythmlas.




METHODS AND MATERIALS.

Estimatlon of Serum Transaminase 4Activity.

The transaminase activity of serum was estimated by the
technique of narmen (1955). Full details of this method are
glven in Appendix 1.

) in this method, the transamination reactlon is coupled
with the reduction of oxalscetic to malabte by reduced diphos-
phopyridine nmucleotide in the presence of an excess of purified
malic dehydrogenase; the reactions may be wrlitten thus 2~

CO0~- | Co0 - c00 - Co0 -
1 1 1 1
CH2 CHy \ CHy CH2
! 1 1 SGOT 1 1
CHNH_ + CH s C=0 + CH
1 2 1 2 1 1 2
C0o0- g=o GO0~ gHNHz
co0- Oxaloace tate COO=
. L-
" Aspartate Alpha ke to- Glutamatbe ,
glutarate ‘
C00~
1 . :
CHz.z _ C00=-
1 ' 11 1l
c
¢=0 + DPNE* + u* = CHp
CO0~ Dehydrogen: CHOH + DPN.
ase. 1
COo0~-

Oxaloace tate . Malate .

The malic dehydrogenase performs sm important fumction in
this resction by removing ome of the products in equilibrium in
the serum glutamic oxalacetic transaminatiom. 4whls forces the
resction completely to the right and establishes a condltiom
whereby the reaction rate is limited omly by the amount of
transaminase present. The light absorptiom peak of reduced
diphosphopyridine nucleotide at 340 millimicroms is used to
measure the transaminase reaction, spectrophotometrically,
by observing the decrease in optical demslity at that wave-length
as the reduced diphosphopyridine nucleotide 1s oxldlsed.
Yransamingse activity is expressed as unlts per ml. of serum per
minute, ome unit being defined as that amount of enzyme which
will cause a decrease in optical density of ¢.001/ml/min. under
the standard conditions of the test.



Conditions in which Serum Transaminase Assay was performed.

a) Normal coﬁtrols.

Serum transaminase activity was measured in 9 healthy
people and 1ln 16 patiemts attending surgical and orthopsedic
out-patient departments suffering from conditions unrelated to
cardlac or liver disease and in whom the history and clinical
examination raised no suspicion of such disease. The results
of these assays are presented in Table I (Appendix 1III).

DiseaseAStates.

Serum transaminase assays were performed in 135
patients suffering from a variety of diseases.

b) ’Acute;myocardial infarction.

Serum transaminase activity was measured following 67
attacks of acute myocardial infarction occurring in 57 patients.
The majority of these patients received anticoagulant therapy
and required daily venepuncture for estimation of prothrombin
tilmes.  Blood obtalned for this purpose was also used for
serum tramsaminase assay and tests of liver functlom so that
these seriously 11l patients were not unmecessarily disturbed
by the investigatiom. 1the results of these assays are
included in the individual case histories In Appendix II and
are presented in tabular form in wables II, III, IV, V.and vI.,

(Appendix 1II).
c) Angina pectoris at rest.

Serum trsnsaminase assays were performed following
25 attacks of angina psctoris occurring in 20 patients. these
attacks of pain came on at rest and there was no electrocardio-
graphic evidence of acute myocardial infarction following them.
the results of assay in these cases are included in the
individual case histories im Appendix IT and are also presented
in tabular form in ‘Yable viI, (Appendix 1II,.

4, gardlovascular diseases other than acute myocardial
infsrction and angima pectoris at rest.

Serum tramsaminase activity was measured 1n a variety
of ecardiovascular diseases in which there was mo evidence of

acute myocardial infarction or angina pectoris. Several of
the se patients.suffered from more than ome cardiovascular lesion.

The results of serum transaminsse assay In these conditlons
are included in the imdividual case historles in Appendix II.
The comditions investigated are set out 1m tabular form in
Table VIII, (Appendix I1II).

e) Diseases outwith cardiovascular system.

Serum transaminase activity was determined in a
variety of diseases affecting systems other than the cardio-
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/cardiovascular sysbtem. in these cases, there was no clinical
and/or electrocardlographic evidence of acute myocardial
inferction or anginas pectoris. whe results of serum
transaminase assay in these conditions are included in the
individual case histories (4ppendix II). The conditions
investlgated are presented in Table IX, (Appendix 1II).

All serum transaminase assays were personally performed
by the author. The number of assays totalled 533.

The History and pindings om Clinical Examination.

The history and clinical findings in each of the 135 patients
studied are presented in Appendix II. BExcept for a few
patients who died within a few hours of theilr admission to
hospltal, the suthor personally questioned and examined all
patients suffering from cardiovascular diseases. The history
and results of clinical examination are of the greatest value
in determining whether or not acute myocardial infarction has
occcurred. because of the ir relevance to the use of serum
transaminase assay In the dlagnosis of acute myocardial infarct-
lon, a special interest was taken In symptoms, prodromal to
acute myocardial infarction, in atypicsal modes of presentation
and iIn the determinstion of the exact time of onset of acute
myocardlal infarction.

Ble ctrocardiographle Studies.

Electrocardiograms were examined in 100 out of the 135
patients included 1n this study. in certain cases duplicate
electrocardiograms were not available for inclusion in this
the sis. However, 179 electrocardiograms are available for
inspection and they are included in the individual case histories
in Appendix II.

a) Electrocardiographic Technique.

Electrocardiograms, serial where indlcated, were recorded
by a porbtable direct writing Csmbridge electrocardiograph. The
following leads were recorded: Ileads i, II, III, a¥V.R., &a.V.L.,
a.V.F., V2, v4, V6. These are the leads routinely recorded
in the hospitsl in which this investigation was carried out.
Since a limited number of chest leads were being used, great
care was taken to place the praecordial electrodes accurately
according to the recommendations of the Cardiac Society of ureat
pritain, 1949.

b) Criteria used in mlectrocardiographlc
lnterpretation.

In cases of suspected myocardial imfarction, the electro-
cardiogram is usually considered to be the final criterion in
de termining whsther acute myocardial infarction has occurred.
In sn investigation such as this, which seeks to compare one
diagnostic technique with another, it is obviously desirable to

avold bias towards elther and, consequently, the electrocardlo-
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/electrocardlograms were interpreted by an independent
observer, ur., A. J. V, Cameron, who was given a short note
of the history of each case. He had no knowledge of the
results of serum transaminase assay or other ancillary tests
and the history and electrocardiogreams in each case were
knowa to him by a reference number only. Dr. Cameron
employed diagnostic criteria which were essentially those of
woldberger (1953), although a different terminology from his
was used in the description of the types of myocardial
infarction, the term, transmural, was used to describe
myocardial infarctions in which the electrocardiogram showed
abnormal Q waves snd abnormally shaped KS-T elevations. ‘Lhe
diagnosls of infarction was not made from i wave changes alone
unless abnormal Q waves were present and progressive T wave
changes occurred in serial tracings. the term, intramural,
was employed in preference to the term, superficlal, used by
woldberger (1953), to describe myocardial infarctions in which
the electrocardliogram did not show abnormal Q waves but
revealed abnormally shaped KS-T elevations in one or more leads
that faced a localised, epicardial surface of the heart. in
this group, great importance was attached to observing
sequential changes in the electrocardiogram. the term,
subendocardial, (u¢oldberger,1953) was reserved for those
myocardlal infarctioms in which the electrocardiographic
patterms of acute coronary insufficiency persisted for more
than 24 hours. no clear cut examples of this latter type
of myocardial infarction were encountered in this study.

All electrocardiographic interpretations included in this
study were those of Ir. A. J. V. Camsron.

rost Mortem and Histologicazl Studies.

Post mortem examination was performed in 8 fatsl cases
of scute myocardisl infarction and 3 of these fatal attacks
had been preceded by attacks of severe angina pectoris. ‘the
liver and heart were examined histologically in 7 out of the
8 fatal cases of acute myocardial infarction. <vhe degree of
venous congestion of the liver was described as moderate
when congestion was limited to the centre of the hepatic
- lobule amd as severe when the whole lobule was involved in
the congestion. the term, centrilobular mecrosis of liver,
was reserved for those cases in which mecrosis was present
in the centre of the lobule. rost mortem examinations were
also carried out in 2 cases of dlssecting ameurysm of aortsa,
2 cases of mitral stenosis, 1 case of ischaemic heart disease,
1 case of alveolar carcinoma of lung, 1 case of malignant
hypertension, 1 case of cerebral embolism with infarctlon,
1 case of hepatie cirrhosis, 1 case of perforated stomal ulcer
and 1 case of adenocarcinoma of the pelvic colon.

ANCILLARY METHODS EMPLOYED IN THE DIAGNOSIS OF
" ACYTE~MYOCARDIAEINFARCTIONS
/ ctd over.




ANCILLARY METHODS EMPLOYED IN THE DIAGNOSIS OF
ACUTE MYOCARDIAL INFARCTION.

It is well recognised that pyrexia and elevation of
the erythrocyte sedimentation rate (E.S.R.) often occur
following acute myocardial infarction snd their presence in
suspected myocardial infarction 1s usually regarded as
providing evidence suggestive of the occurrence of acute
myocardial Infarction although neither test 1s specific for
myocardial infarction. Such observations were made in this
study in acute myocardial infarction, angina pectoris at rest
and in a variety of other diseases.

a) Bédz Tempe rature .

o Axillary temperatures were recorded. ‘emperabures of
99~F or above were considered abnormally high.

b)  Erythrocyte Sedimentation Rate.

This was determined in the hospital wards by the method

" of Westergren (1926). Serial estimations of #.S.R. were made
in most cases. Only the reading at the end of the first hour
was recorded. The E.S.R. was considered to he abnormally
accelerated 1f it was above 10 mm. in the first hour.

TESTS OF LIVER FUNCTION,

The following tests of liver function were performed in
cases of acute myocardial infarctiom, of liver or biliary
disease and of cardisc arrhythmia. The results of these
tests in acute myocardial infarction are presented in Tables
X,XI,XII, in Appendix III. The results in the other types
of 1llmess are included in the case hlstories in Appendix II.
l. Van den Bergh Reaction:- a) Direct. D) Indirect -
quantitative bilirubin estimation. +vhe method employed was
that of King (1946) but a bilirubin instead of an artificilal
me thyl red standard was employede. The normal range, by this
me thod, was 0.5 - 1 mgm.per 100 ml.

2. Thymol Turbidity Test. The method employed was that of
Maclagan (1944). The normal range of thymol bturbidity is

O = 4%1135.

3. Zinc Turbidlty ilest. The method employsd was that
described by Kunkel (1947). The normsl range 1s 2 -« 8 units.
4, Alkallne Phosphatase. The plasma alkaline phosphatase
was mpesured by the method of King and Armstrong (1934). The
normal range is 3 - 13 units.

5. Total Plasma Proteins. These were measured by the usual
procedure of micro-Kjeldahl digestion followed by Nesslerisat-
ion. The normel range was 6 - 8 geper 100 ml.
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6. Cephalin Flocculation Test. This flocculation technique
(Hanger and Patek, 1941) was employed in a few cases, instead
of the thymol turbidity test.

7. Bromsulphalein Test. The bromsulphalein test, using

S mgm/kg. body welight, was employed (Helm and Machells,1942).
Serial tests were performed in one patient in whom the first
me asurerent had been made before the onset of amute myocardilal
infarction. The risk of a toxic allergic reaction to the
dye, however rare, was consldered too great for routine use

of the test in acutely ill patients suffering from myocardial
infarction.

Normal Range. When the sample of serum is taken 45 minutes
after inJection of the dye, there should be no retentiom of
the dye 1n the blood.

8. Urine Tests. Bilirubin, urobilin and urobilinogen were
determined qualitatively by the methods of Fouchet, Schlessinger
and Erhlich,respectively,in several cases.

CRITERIA EMPLOYED IN ASSESSING THE DEGREE OF
PERIPHERAL VASCULAR FAILURE IN ACUTL MyOCARDIAL
INFARCTION,

The criteria used for assessing the degree of peripheral
vascular fallure present in cascs of acute myocardial
infarction were those of Davidson et al (1946). They are set
out in Table XIII, (Appendix III).

CRITERIA CONSIIERED INDICATIVE OF 4 GUARIED
PROGNOSIS IN ACUTE MYOCARDIAL INFARCTION.

The prognostic criteria employed were those of Russek
and his associates (1951). The following criteris were
considered indicstive of a guarded prognosis:- Previous
myocardlial infarction, intractable pain, extreme degree of
persistence of shock, significunt enluargement of the heart,
gallop thythm, congestive cardilac failure, auricular
fibrillation or flutter, veantricular tachycardla or intra-
ventricular block, dlabetic acidosls or otler complicating
serious disease stabes. Antlcoagulant therapy was given in
all cases of acute myocardial infarction whether or not signs
of poor prognostic significance were present provided there
was nmo contra-indication to the use of the drug.

THE I[EPINITION OF THE NORMAL RANGE OF SiRUM
TRANSAMINASE ACTIVITY,

19 assays of serum transemlnase actlvity were performed,
under varying physiological conditions, in 9 healthy people
who were either murses or medical students and single

de terminations of serum activity were made iIn 16 patients who
were attending surgical or orthopaedic clinics with
disabilities unrelated to cardiac or liver disease and in whom
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/wWhom the results of history-taking and cliniczl examination
raised mo suspicion of such disease. the results of these
assays are presented in Wwable I.

the range of serum transsminase activity in comtrol subjects
in this series was 5 - 35 units,/ml. with a measn serum
transszminaese activity of 17 ¥ 8 units. It will be noted in
rable XIV that the range of serum transsminase activity found
closely agreed with that found by other workers. S an serum
transaminase activity in this study is somewhat lower than
that reported by other investigators. it should be noted thut
pbaron et al (1956, applied a correction factor for varistion
in room tempersture.

Sineée all recorded studles have shown that in normal
subjects levels of serum transeminase activity above 4u units/
ml., are not found and since duplicate analyses of the serum by
the spectrophotome tric me thod do not vary by more than lu
units (see Appendix I), the following ranges of serum
transaminase gctivity have been arbitrarily defimed:-

. Normal. .
Serum ftransaminase activity 1s comsidered to be normal to

levels of 40 units.

Borderline.
Serum trasnsaminase activity is comsidered to be borderline

when it is 1in the range of 41 - 50 units.

High.
Serum transaminase activity 1s considered to be abnormslly

high when above 50 units.

a) The Effect of vigestion and Exertion om Serum
Transeminese Activity in normsl Subjects.

Ir control cases 1 and 2., serum transamlnase activity was
estimated before, and five hours after,a strenuous game of
rugby while, in control case 3,, it wss measured in the fasting
state and three hours after a hearty meal. wno significant
alteration in serum transaminase activity was found following
exercise or eating. it 1s genmerslly agreed that exertion and
the sbtate of digestion have no effect om the levels of serum
transaminase activity e.g., Steinberg amnd ustrow (1955);
Chinsky et al (1956).

b) Day to Day Variations in Serum Transaminase Activity
- in normal Subjectse

In control cases 4, 5 and 8., serum transaminase activity
was examined on three successive days (Table I). The variations

found were insignificant,which is in agreement with the
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/the experience of other workers e.g., paron et al (1956).

c( ‘fYhe Bffect of sex and Age on Serum ‘wransaminase
Lsctivity in normal vontrols.

No reletionship between transaminase levels and sex or
age of the control subjects was noted.

d) The Effect of Haemolysils of the Red plood wells on
Serum Trensaminase Activity.

In control case 6., the trsnsaminase activity of clear
serum was 15 unlss, The transaminase activity of an aliquot
of the same specimen of blood in which haemolysis had been
induced by contact with distilled water, was 126 units,
transaminase being released from the red blood cells. This
effect of haemolysis was recorded by La Due et al (1955) in
the ir original papers and has since been confirmed by others
e.8., dteinberg and Ostrow (1955). The importance of using
non-haemolysed samples of serum and plasma in serum
transaminase de terminations 1s obvious. Although platelets
also contaln transaminase it remains to be determined whe ther
variations in platelet numbers will significantly alter the
assay. (magelini and Stefanini 1956).

e) The Effect of Amticoagulant Substances (in vitro)
on Serum Transaminase Activity.

It 1s generally agreed that transsminase assays on plasuma
specimens obtained with oxalate, citrate or heparin as anti-
coagulants are similar to those performed on serum derived from
the same blood e.g., hatbtus et al (1956). In control case
9., the serum and plasma transaminase activity of the same
speclimen of blood was 14 and 1¢ units respectively. neparin
was the antlicoagulant used in obtaining the specimen of
plasma.

f) Stabillty of the Enzyme.

The stablllty of serum transaminase is such as to
facillitate 1its clinical usefulmess. Freezing of the serum
does mot influence serum transaminase activity. ror exgmple,
in control case 5., storage of the sera for 7 days at 4-C.

did mot significantly alter serum tramsaminase activity. wmany
workers have reported simlilar findings e.g., Chinsky and
Sherry (1957).
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THE SOURCES OF SERUM TRANSAMINASE ACTIVITY IN
NORMAL HUMAN SUBJECTS AND IN EXPARIMENTAL DISEASE
STATES.

1. In Normal Human Subjects.

Transsminase activity has been demonstrated in the serum
and tissues of all enimals studied e.g., 4mes and Elvehjemn,
(1946); Goldstein et al (1956) and, so far, all tests of
human serum have shown the presence of transaminase. ‘he
impre ssive amounts of the enmzyme in tissues like the heart
and liver are in marked contrast to the small amount of
enzyme activity present in an equivalent amoumt of serum. (see
below]).

Glutamic Oxalacetic Transaminase Activity of normal
Human Tissues and serum. (Wroblewski, 1957).

Normal puman Tissue. Transaminase (units/Gram of
Wiet Tlssue ).
Heart. .185,500.
Liver. .. .l42,400.
Skele tal Muscle. L 99,300.
Kidneye. 90,900.
Pancreas. 28,300.
Spleen. , 13,600,
Lumge 10,000,
serum. . 20

The source of transaminase 1n normel human serum hes
not been determined nor has serum transaminasec been isolated
for comparisonm of its physical or immumologlcal characterist-
ics with purified tissue transaminase.

2e In Experimental Cardiac plsease States,

a) Acute Myocardisl Infarction.

The alterations in transaminase activlity assoclated with
acute myocardial infarctions have been studied experimentally
by techniques which do not simultaneously produce liver or
skele tal nmscle damage. goronary occlusion by coronary
artery ligation in the closed chest dog has been produced
and the changes in serum transaminase activity correlated
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/correlated with electrocardiogrzphic and other observations,
(Nydick et al, 1955; Rudolph et al, 1955;. In 211 but one
of these experiments involving production of acute myocardial
infarction there was a concomltant rise of serum transaminase
activity. When the dogs died from experimentazlly produced
infarction or were killed at warying intervals following
ligation of the coronary artery, Nydick et al (1955) determined
transaminase activity in normal and infarcted heart rmscle and
showed that there was a rough correlation between the peak
serum trensaminase activity, the duration of the rise in serum
transaminase activity and the size of the myocardial infarction
produced. A myocardial infarction of less than 1 gm. of
miscle mass In the dog was observed to produce elsvations of
serum tramsaminase activity above the normal range of activity.
They postulated that the mechanism for the increase in serum
transaminase activity following myocardiszl infarction was the
le akage of the enzyme from the infarcted heart muscle into the
serum, simce they showed that infarcted muscle contained less
transaminase than adjacent normel cardiac muscle of the same
animal and that the older the myocardial infarctiom, the less
transaminase activity demomstrable in the necrotic muscle.
werrill et al (1955) reported similar findings in theilr study
of the Infarcted myocardial tissues of the dog. using an
experimental technique (Agress et al, 1952),by which plastic
microspheres were embolised into the coronary arteries of the
closed chest dog, acube myocardial infarction of pre-determined
extent was produced. (Agress et al,(1955). They demonstrated
a rise in serum transaminase activity followling each acute
myocardial infarction and observed a relatively limear
relationship between the peak rise in serum transaminase
zctivity end the sigze of the myocardlal infarction, estimated
at autopsy examination. They found that infarcticn of as
little a8 10% of the cardisc muscle mess produced significant
increases in serum transaminase activity. thus, there 1is
sound experimental evidence that serum transaminase activity
results from leskage of the enzyme from infarcted cardlac
miscle and that the rise in serum activity 1s roughly
proportional to the size of the infarcted area of cardiac

maiscle,

b) Myocardial Ischaemla.

A study of myocardial ischaemia in dogs,produced by
temporarily occluding the coronary arteries, produced further
convincing evidence that the infarcted area was the source of
increased serum transaminase activity inm acute myocardial
jnfarction. (Rudolph et al, 1957; Nydick et al, 1957). Nydick
and his assoclates correlated the degree of myocardial ischaemia
with chamges in serum transaminase activity,in the electro-
cardiographic patterns and in heart tissue transaminase
activity. they found that myocardlal ischaemia of a degree
sufficient to produce reversible changes typical of ischaemia
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/ischaemia in the electrocardlogram did not cause significant
increase in serum transaminase activity. They showed also
that the transaminase content of heart tissue which had been
rendered lschaemic was the same as that of non-ischaemic
tissue. Slgnificant increases in serum trsnsaminase
activity occurred only in those cases in which myocardlal
ischaemia had beem prolonged enough to result in heart cell
necrosls which was demonstrated at autopsy.

¢) Pericsrditis.

Agress et al (1956) produced pericarditis in dogs by
placing sand, talc or alpha streptococcl in the pericardial
sac. :They found significant elevation in serum transaminase
activity only in those animals in which damage to the sub-
eplecardial cardiac muscle was demonstrated at autopsy and,
further, that the peak levels of serum trsnsaminase activity
observed were proportional to the severity of the cardiac
muscle damage. Normal serum transaminase actlvity was
presa t 1n those animsls in which pericarditis without under-
lying cardiac miscle damage was found. nydick and his
~colleagues (1957) reported,that in experimental percarditis
in dogs, serum transaminsse activity increased only when
histological evidence of subepicardial damage was present.

d. In Experimental Hepatlc vissase States.

Increased serum transaminase activity has been demonstrated
following the experimental production of virus hepatitis in
mice with a transplantable mouse leukaemla, (Friend et al,
1955), and there geemed to be a relationship betwen this
increase in serum activity and the size of the virus inoculum,
the titre of the virus in the blood snd the degree of liver
necrosls demonstrated at autopsy.

Molander and his associates (1955) produced hepato-
cellular damage in rats by the gastric intubatiom of carbon
te trachloride and found high levels of serum transaminase
activity. fhe height and durastion of increased serum
transaminase activity were proportionmal to the amount of carbon
tetrachloride administered and to the extemt of llver mnecrosis
found at autopsy. They considered that serum transaminase
activity was a highly specific index of hepatocellular injury.
Molander and Friedmsn (1956) failled to demonstrate a decrease
in rat hepatic tissues transaminase in carbon tetrachloride
hepatitis even when serum transaminase zctivity was greatly
increased. Ligation of the common bile duct of rats was
rapidly followed by a rise in serum transaminase activity,
(Chinsky and Sherry, 1957). Relief of the biliary
obstruction was followed by a rapid return of the scrum
transaminase level to normal. Increased serum transaminase
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/trans‘;aminase in this experimental situation was not
associated with histological evidence of hepatic or cardiac
necrosis.

ihe evidence, though incomplete, suggests that the source
of serum transaminase activity is release of the enzyms from
damaged parenchymal cells of the liver, in experimental
conditions assoclated with hepatic cell mecrosis. 1he
findings in experimental biliary obstruction, unaccompanied by
hepatic cell necrosis, suggest that the source of increased
serum tramsaminase activity in this experimental situatiom
may be interference with the excretion of the enzyme by the
biliary route.

4, In Experimental Skeletal Muscle Injury.

Surgery in dogs resulting in injury to skeletal mmscle
is assoclated with a rise in serum transaminase activity and
has been ascribed to release of the enzyme from skeletal
miscle ,which is a rich source. (Nydick et al, 1955,

5. _In Experimental prulmonary Infarction.

Rudolph and his associates (1957, ligated the right
pulmonary artery or its lobar branches in dogs and observed
Increased serum transaminase activity proportional to the amount
of lung tissue involved in each case. 1t should be noted,
however, that although every effort was made to minimise the
trauma of surgery, the controls used in this experiment were
animals which had been subjected to thoracotomy. Agress et
al (1956) produced acute pulmonary infarctions in dogs by
injecting the dogs' own blood clot into the jugular vein after
induéing increased vascularity of the lung by the preliminary
injection of alpha naphthyl thiourea, a general tissue poison.
The nine experimental animals sustained pulmonary infarctlons
of 0 - 50% of their lung tissuwe. Several of the experimental
and control animals had increased serum transaminase activity
although mone had levels of activity above 50 units. ‘the re
was mo statistical difference between the groups and for this
reason the increased serum transaminase activity was thought
to be due to the use of alpha naphthyl thiourea. 1t should
be noted also that the animals were sacrificed 40 hours after
the experiment.

There is, therefore, no agreememnt as to whether or not
acute pulmonary infarction results in increased serum
transaminase activity. In those experimental animals 1n which
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/which increased serum transsminase activity was found, the
source of the enzyme 1s uncertain since,in one group of
experiments, the increase in serum activity may have been
due in part to release of the enzyme from skeletal nmscle
injury following surgery and, in the other group, to the
use of a gemeral tissue poison which may produce de=th of
cells in many tissues.

G In Experimental Cerebral Infarction.

Wakim and Fleiser (1956) produced acute cerebral
infarction in dogs by the injection of red vinyl acetate
into the carotid artery. they found that in normal dogs
serum transaminase activity was consistently higher then the
trensaminase activity of cerebro-spinal fluid. Following
the onset of acute cerebral infarction, there was a marked
rise of transaminase activity in the cerebro-spinal fluid.
In certain cases, this rise was followsd by a slower and less
well marked rise in serum transaminase activity while, in
others, serum transaminase activity remained normal. The
source of increased transaminase activity in the cerebro-
spinsl fluld was thought to be release of the enzyme from the
damaged brain tissue, the brain having a high transaminsse
concentration. ‘the rise In serum transaminase activity
observed in some cases was considered to have resulted from a
breach of the normal blood brain barrier by the braln lesion.

7 In Experimental Infarctions of other Organs.

Rudolph and his assoclates (1957) ligated remal, splenic
and mesenteric arteriss in dogs and produced infarctions in
the orgams supplied by these vessels. Increased serum
transaminase activity was demonstrated following all these
procedures. It was noted that, as the amount of tlssue
rendered mecrotic was reduced, the amount of enzyme which
appeared in the serum was commensurately less. Ischaemia
of these orgens of short duration was assoclated with normsl
serum transaminase activity.

Fherefore, while the source of normal human serum
transaminase activity is unknown, there 1s good experimental

evidence that the nmecrosis of any enzyme-rich tissue may
result in a significant increase of serum activity of the

ONZYIE »
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THE EXCRETION OF SERUM TRANSAMINASE IN EXPSRIMENTAL
ANIMALS AND TN NORMAL AND DISEASED HUMAN SUBJECTS.

Following experimental myocardial infarction, the
observed increase in serum transaminase activity was much
smaller than snticipated from the measured loss of
trensaminase activity from the infarcted myocardium and the
dilution of this amount of transaminase in the plasma volune.
(Agress et al, (1956, ;3 Nydick et al, 1955). This suggested
either rapid removal of the enzyme or a diluting volume
considerably greater than the plasma volume.

~ Dunn and his associates (1958) found that, following
the intravenous Injection of transaminase into dogs, three-
quarters of the injected enzyme had disappeared from the blood
stream within 20 - 72 hours, depending upon the amount injected.
squilibrium was reached between serum and lymph transaminase
activity in 6 - 8 hours and marked the end of the rapld
disappearsnce phase. It wes deduced from this that the
rapid disappearznce of the enzyms was due to 1ts diffusion
into the interstitial fluid and that this adcounted for the
discrepsncy between serum and tissue transaminase actlvity
noted by previous workers. The exact mechanism of excretion
of the enzyme is uncertain. The excretion of the enzyme
in the uripe and bille is discussed below.

a) Excretion of Transaminase in the Urine.

' Durn et al (1958) found no measurable amount of
transaminase activity in the urine of dogs and no enzyme
appeared in the urime following the intravenous injection of
autogenous or homologous transaminase. 1they demonstrated
that transaminase disappeared from the blood stream at the
same rate in both nephrectomised animels and in sham-operated
control animals indicating that no inactivation of the enzyme
occurred in the kidmey. ‘hey considered that the large
molecular size of transaminase prevented its passage through
the glomerular membrsme and thus accounted for the absence of
transaminase in ths urine. -

In the present study, z smell number of observ:-tions
was made which suggest that the excretion of transsminase in
the urine in humsn beings is insigniticant. in control cascs
6 and 7., the transuminase activity of the urine was small
snd this is in agreement with the observations of Chinsky et .
al, 1956. (Table I). In cases 41 and 42., the serum
trunssaminase activity was elevated following acute transmural
myocardial infarctions and the transaminase activity in the
urine was repeatedly examined in the days immediately following
the omset of infarction when the serum transaminase activity
was raised. .
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/raised. In neither case was significant elevaticn of

the transaminase activity of urine found. Chinsky et al,
(1956) also obtained evidence that significant amounts of
trensaminase are not excreted even when the serum levels are
abnormally high. hese findings show that trsnsaminase is
excreted by human kidneys in small amounts but the presence
of normal serum trunsaminsse levels when oliguria and/or
azotaemia is present suggests that other routes of exeretion
may be of greater significance.(Chinsky and Sherry, 1957).
For example, in case 123., normal serum trensaminase activity
was found despite coincident umasemia secondary to prostatic
retention of urine. In Case 96., serum transaminase levels
were normal, despite the presence of severe oliguria. In
Case 94., the serum transaminase activity was normal when
anuria, uraemia and gross hyperkalaemia were present.

b) Excretidn of Transaminase in the Bile.

In 1956, Chinsky and his associates suggested
that biliary excretion may be a normal route of transaminase
exeretion. They had found that specimens of normasl human
bile. obtained at laparoctomy had transaminase activities in
the range of 2,000 units i.e., 100 times the serum level, and
that serum transaminase activity was significantly elevated
in patients with obstructive jaundice in the absence of
laboratory evidente of the presence of hepatic necrosis. they
derived further evidence supporting this concept of the biliary
exceretlion of transaminase from experiments in animsls. In
1957., they found thst ligation of the common bile duct of
rats is rapidly followed by & rise in the level of serum
transaminase activity, whereas sham-operated controls did not
show significant changes in serum transaminase. The changes
in serum transaminase activity following common duct ligation
were not associated with histological evidence of hepatic or
cardlac mecrosis. Helease of the experimentally induced
common duct obstruction in the rat was followed by a rapid
return of serum trensaminase activity to normal. lunn and
his colleagues (1958) found the daily billary excreticn in
5 dogs with external biliary fistulae to be very high,

(1,000 - 2,000 units/24 hours.) Following the elevation of
serum transaminasse levels by the intravenous Injection of
autogenous or homologous transaminsse, they found no
correlation between the serum transaminase level and the
concentration and total excretion of the enzyms in the bille
and, therefore, were uncertain whether ths transaminase found
in bile actually represents transaminase removed from the
blood stream by the liver or whether blliary transaminase is

formed in, and secreted by, the parenchymal cells of the l1llver.

In the present investigstion, normal bile was not studied
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/studied but serial estimations of transaminase activity in
serum, bile and urine were made in three cases viz., cases
106, 100 and 99. in case 106., acute pancreatitis was
found at operation and gallstones were present in the gall-
bladder but not in the common bile duct. the nasked-eye
appearance of the bile was normal and liver function tests
revealed mo abnormaslity. +he serum transaminase levels were
consistently normal and the transaminase activity of urine low.
‘the transaminase =zctivity of bile obtained by druinage of the
gallbladder was repeatedly fourd to be twice that of the serum.
In case 1lu0., the diagnosis of cholelithiasis was confirmed st
operation. Gallstones were present in the gallbladder and
there was a stone in the common bile duct. ‘“whe results of
liver function tests indicated biliary obstruction. Despite
this, only borderline wvalues of serum transaminase activity
were foumd before operation and, following operation, serum
transaminase activity was normsal. Once agaln, the
transaminase activity of urine was insignificant. ‘+he
transaminase activity of bile obtained by drainage of the common
bile duet by tube was 13 - 2 times the activity found in serum.
In case 99., the diagnosis of cholelithiasis was confirmed at
operation, many gallstones being found in the gallbladder hut
nome in the common bile duct. Serum transaminase activity
was normal both before and after operation and transaminase
activity following operation was low on repeated examination.
Transaminase activity of bile obtained by drainage of the
gallbladder was 2 - 3 times that of the serum after operation.

In these three cases, very high levels of transaminase
activity of the bile were not found but the levels of
transaminase activity in the bille were consistently higher than
those in the sera. Yransaminase activity of the urine was
consistently low.

vyhese findings are regarded as posslbly indicating biliary
excretion of the enzyme. 'whe discrepancy between the results
of serum and bile transaminase assay in this study and those of
Chinsky and his associlates (1956, 1957) cannot be easily
explained. it has beem shown that common bile duct obstruction
in the humen subject may be associated with borderline levels
of serum transaminase activity (Caze 100). The low levels of
transaminase activity foumd in the bile in thils study may
have been due to impairment of excretiom of the emzyme by the
liver, a comsequence of disease in the biliary tract, although
there was mothing to suggest significant liver damage 1n the
tests of liver function performed, or due to comtamination of
the bile by other secretioms during drainage.
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CLINICAL ASPo.CTS OF THE CASES OF ACUTZ MyOCARLILL
INFARCTION AND ANGINA PuCTORIS AT REST UNDuR
CONSIDERATION.

Acute myocardial infarction may cause sudden death or
may present with severe and characteristic chest pain or
with breathlessness or other signs without pain. (Parkinson
and Bedford, 1928).

Acute Myocardial Infarction presenting with chest pain.

Sudden prolonged chest pain was the presenting symptom
of acute myocardial infarction in 57 out of the 67 attacks of
acute myocardisl infarction observed in this study. in ome
case (47b) the praecordial pain of myocardial infarction was
overshadowed by pain due to renal infarction. Pain in the
chest which occurs at rest is more difficult to assess than
pain related to effort and a history of typical angina on
effort is very helpful in the diagnosis of myocardial infarct-
‘iom sinmce, if angina on effort 1s followed by paln at rest
of similar character and radiation, then it 1s likely that
the pain occurring at rest is also cardiac lm origin. ‘therefore,
the symptoms prodromal to scute myocardial infsrction were
studied.

a) Angina Pectoris on mffort and at rest preceding
Acute Myocardial Infarction.

Angina pectoris om effort preceded the onset of acute
myocardial infarction in 31 out of 67 attacks. In 16 of
these 31 attacks, angina pectoris on effort had been present
for over 3 months before the onset of the acute infarction.
(Cases, 3, 7, 9, 1lla., 12, 18, 20, 23, 25a, 27, 35, 36, 39,
45, 48, 51). In 5 of these attacks, sngina on effort had
become more easlly induced in the last 3 months before the
acute myocardial infarction. (Cases 9, 1lla., 23, 258, 48). In
5 attacks, angina pectoris on effort was succeeded by angina
pectoris at rest. (Cases 1lla, 18, 25a, 39, 48).

In 15 out of 31 attacks, angina pectoris on effort had
msde i1ts first appeerance during the last three months before
the onset of acubte myocardisl infarction. (Cases, 2, 5, 6, 14,
15, 16, 26, 39,40, 46, 54, 59, 71, 77, 122). In 2 instances,
angina pectoris on effort had occurred in isolated attacks 5
weoks and 3 weeks respectively before the onset of acute
myocardial infarction. (Cases 5, 46). In 5 cases, in this
group, sngina pectoris on effort became increasingly
disabling before the development of myocardial ipfsrction,
(Csses 2, 26, 39, 54, 77), and in 7 cases, the amhgina pectorils
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/pectoris on effort was followed by anginz pectoris occurring
at rest. (Csses, 2, 15, 16, 26, 39, 54, 77).

In 3 cases, (Cases 8, 17, 42a), an episode of chest pain
which, by 1ts character and radiation suggested angina
pectorls at rest, occurred in the week before the onset of
myocardial infarction while, in Case 84., & short attack of
crushing retrosternal pain which did not radiate, occuvrred
& fortnight before the probable onset of myocardial infarction.

it is well lkmown that premonitory chest pain 1s common
before the development of acute myocardial infarction e.g.,
mounsey (1951); Herris (1955;. in this small series, the
incldence of prodromal pain was higher than that observed oy
Harris - (1955,, wno found thst 23 out of 75 cases of scute
myocardial inf-rction had premonitory chest pain which he
classified into three groups:-

1) Angina of effort of recent onset which had recently
increased in severity; 2) constant sternal pain, roughly
similbing anglre in its site and radiation and 3) attacks of
sternal paln wnrelated to exertion or emotion. The first two
- groups were cormon in the present serles. Symptoms prodromal
to acute myocsrdial infarction are of great potential value
in the prophylaxis of the illness and are obviously of primary
importance in its diagnosis.

b)  Angina Pectoris at rest, without klectrocardio-
graphic Evidence of Acute lyocardial imfarction.

Cases of acute myocardial infarction, presenting with
characteristic pain seldom give rise to dilagnostic errors but
typical and severe symptoms may be due to coronary artery
atherosclerosis without myocardial infarction. [Patom,1957).
In such cases, electrocardiographic aid in diagnosis is
essential. This is well illustrated in the present
investigation in which, in 23 attacks of angina pectoris at
rest, the differentlation between acute myocardial infarction
and myocardial ischaemia could only be made after examlnation,
often serlial, of the elesctrocardiogram.

¢) Determination of Wime of Onset of Acute
Myocardlal infarction.

In 46 out of 67 attacks of acute myocardial infarction
there was no difficulty in determining the time of onset of
acute myocardiel infarction on clinical grounds but, in 21
attacks, the exact time of onset could not be determined on
clinical grounds alone. in 10 of these 21 attacks, the
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/the clinical pleture had been unusual (Cases 192,84, or sngina
had been present on effort or at rest before the patientis
admission to hospital (lla, 15, 35, 39, 42a, 48, 54, 71). After
examination of the electrocardiogram in these 1y attacks, it
was felt that a fairly accurate estimation of the time of

onset could be reasonsably msde.

In the remaining 11 attacks, which were all characterised by
repeated severe prascordial pain over a period of several days,
the exact time of onset could not be determined even after
examination of the electrocardiogram. (Cases 14, 16, 28, 29,
45, 47s, 49, 51, 55, 56, 59).

These findings show that,in an sppreciable number of
attacks of acute myocardial infarction, the exact time of onset
of the lesion cannot be determined because of the presence of
premonitory or post infarction chest pain. %“he importance of
this will become apparent in subsequent discussion.

d) Cases of Acute mMyocardial Infsrction presenting with
bresthlessness and other signs,but without pain.

Paln may not be a prominent symptom in acute myocardial
infarction and, in 11 attacks in this series, there was no
complaint of painm in the chest.

1) Ieft Ventricular railure.

In 7 attacks the presenting symptom was acute and
severe dyspnoea due to left vemtricular fallure.(Cases 1lu,1Q9a,
19b, 36b, 37, 69, 84).

In 2 cases (10, 84) the patients described a sensation
of retrosternal constriction during the attack of dyspmoea but,
in Case 10., the history was considered unreliable as the
symptoms of left ventricular fallure and of cerebral thrombosis
came on Simultaneously. In Cases 69, and 36b., the gravity
of the patients’ illmess probably accounts for the failure to
elicit & history of chest pain. 1In 3 attacks, however, although
dyspnoea was severe, there was no evidence of mental confusion
and the patiemts denied having felt chest paln when directly
questiomed. (Cases 19a, 19b, 37). It should be nmoted also
that signs of congestive cardiac failure were present in 5
of these 7 attacks of acute myocardial infarction, ( Cases 19a,

1i) Cerebral Thrombosis.

In 2 attacks, acute myocardial infarction presented
with signs of cerebral thrombosis and without clest pain. (
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/pain. (Cases 10 and 22). In Case 22., vertigo wus the
earllest symptom and this was succeeded by the development
of signs of cerebral thrombosis. ‘here wzs no complaint of
che st pain or dyspnoea but the history was considered un-
reliable because of the patient's disability and low
intelligence.

iii) Marked reripheral vVascular Fallure.

In Case 13b., the patient did not complain of
pain during an attack of myocardlsl infarction which proved
fatal. %The presenting signs and symptoms were those of
progressive peripheral vascular failure and increasing mental
confusion. ‘vthe patient wus extremely 11l and it was
considered that the history was unreliable under these
clrcumstances. 1in Case 20b., the onset of acute myocardial
infarction was marked by the sudden development of dyspnoea
and marked peripheral vascular failure. the patient complained
of paraesthesiae in his left hand,but not of pain. the
severity of his illmess, however, made accurate history-taking
difficult. 4t is evident that chest pain is not an
invariable accompaniment to acute myocardial infarction and
that the illmess may present with acute dyspnoea, profound
circulatory failure or a cerebrovascular accident.

vhersfore, in 11 out of 67 attacks of acute
myocardial infarction, the patient did mot complsin of pain.
in 2 of these attacks, a sensation of retrosternal constrict-
silon was described and,in one case, disagrecable paraesthesiae
were felt in the left hand,and such symptoms should probably
be regarded as paln equivalentse. the commonest type of
painless myocardial infarction was that in which the omset of
the infarction was related to dyspnoea and was found in 7
out of the 67 attacks of infarction studied. Congestive
cardiac failure was g common finding in this group of cases.
East and his colleagues (1928) described 8 cases of this sort
and Papp (1952) reported 3 similar cases in which ortho-
proea, cyamosis and severe distress were present. It seems
probable that chest pain is overshadowed by dyspnoes in such
cases. Severs peripheral clreulatory fallure masked pain in
2 out of these 11 attacks of infarction. Disturbance of
consciousness due to cerebral ischesemlia accounts for the
sbsence of pain in the remaining 2 attacks e.g., rapp (1952)
described 5 cases, in whom myocardial imfarction occurred
without pain whose predominant symptom was faintmess due to
complete heart block. ywhis short review of the history and
clinical findings in 67 attacks of acute myocardial infarction
reveals that the disgnosis of acube myocardlzl infarction on
clinical grounds alome without the help of the electrocardio=-
gram may be difficult especially in cases of severe
myocardial ischaemia without accompanying myocardial infarction
and in cases presenting without characteristic pain.
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e) Cases in which icute Myocardial Infarcticn was diagnosed
on clinical grounds only. '

While the inaccuracy inherent in the clinical diagnosis
of acute myocardial Infarction is recognised, in 7 out of
the 67 attacks of infarction the diagnosis was considered to
be certain on the basls of the history and clinical findings
and electrocardlograms were not recorded. (Cases, 2, 4, 13D,
20b, 36b, 38, 77). Confirmation of the presence of
myocardial infarction was obtained at post mortem examin:ztion
in 4 of the 7 cases. (Cases, 2, 4, 36b, 77). In 3 of the 7
attacks ( 13b, 20b, 36b) the patients were being treated in
hospital ,having sustained acute myocardial infarction which
had been confirmed electrocardiographically. when they
developed fresh infarctions or extensions of previous
myocardial infarctions. In the remaining attack (Case 38)
the history, clinical findings were typical of acute myocardizl
infarction.

vhere fore, there is good evidence that the clinical
diagnosis in these 7 attacks of infarctionrn was soundly based.
In each of these attacks, the time of onset of the infarction
could be accurately determined.
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CLASSIFICATION OF THi CASES OF ACUTE MyOCARDIAL
INFARCTI<N UNDsR CONSIDERATION ACCORDING TO THE
ELECTROCARDIOGRAPHIC FINDINGS AND A COMMENT ON THE
ACCURACY OF ELECTROCARDIOGRAPHIC DIAGNOSIS.

The electrocardiogram was examined in 60 out of 67 attacks
of acute myocardlal infarction. The electrocardiographic
findings and the maximsl serum transaminase activity
demonstrated in each case are presented in wables XV., XVI., &
XVII In Appendix III,

-

1) Transmural myocardial Infarction (Table XV.)

In 45 out of 60 attacks the electrocardiogram showed
changes diagnostic of acute transmural myocardlel infarction.

2) Intramﬁral Myocardial Infarction (Table XVI).

In 9 out of the 60 attacks the electrocardiogram was
typlcal of acute intramural myocardial infarction.

3) Attacks in which the Electrocardiogram, though grossly
abnormal, was at no time diagnostic of Acube Myocardial
lgfarction ﬁTable XVII).

In 6 cases in which the diagnosis of acubte myocardial
infarction was considered certain, the electrocardiogram failed
to show patterns diagnostic of acute myocardial infarction.
(cases, 6, 10, 11b, 18, 19b, 24). In all attacks, however,
the electrocardiogram was gbnormal end 1t is gemerally
accepbted that a multiple chest lead electrocardlogram does
not remain normsl after scute infarction. (Wood, 1955).

Katz (1942) and H111 (1950) have stressed the meed for serial
electrocardiogram end nmltiple chest leads if the greatest
accuracy in the electrocardiographic dlagnosis of infarction
is to be attaimed.

Three instead of the usual six praecordlal leads were
employed in this study and this practice led, in attack 19b.,
to uncertainty in the electrocardiographic diagnosis of
‘extension of a previous infarction. 1t 1s very probable that,
{f the electrocardlogrum had been repeated using the customary
aumber of praecordial leads, no diagnostic doubt would have
remained. in attack 11lb., the electrocardiogram was
technically unsatisfactory although sugge stive of a recent
posterior myocardial infarction amnd diagnostic of suprs-
ventricular tachycardia,and should have been repoated on the
cessation of arrhythmia. in attack 18., the electrocardio-
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/gram showed changes diagnostic of acute coronary
insufficiency and an old anterior myocardial infarction but
the patient dled before further electrocardiograms were
recorded. in attack 6., serial electrocardiograms showed
changes highly suggestive of an extensive intramural
myocardial infarction and widespread myocardial ischaemia,
and diagnostic of heart Block (2:1) but again the patient
died before further electrocardiographic studies were made.
in 2 attacks, (10 and 24) the electrocardiographic patterns
of left bundle branch block were present. It is recognised
that the electrocardiographic diagnosis of acute myocardial
infarction may be difficult or impossible in the presence of
such patterns.(Goldberger, 1953). For example, in Case 10.,
only minor sequential changes, possibly indicative of acute
myocardial infarction were present while, in Case 24., there
was mo electrocardiogrsphic evidence of acute myocardial
infarction. three of these six attacks proved fatal (, 6,11
18) and the presence of acute myocardial infarction was
confirmed on post mortem examination in two caass.(6 and 11,.

Therefore, in 54 out of 60 attacks of acute myocardial
~infarction in which electrocardiograms were recorded the
electrbcardiogram showed changes dilagnostic of acute myocurdial
infarction 1.6., in 9% of the attacks. The degree of
accuracy of electrocardiographic diagnosis is probably greater
than is represented in this study. in two attacks, in which
the electrocarciogram failed to confirm the dlagnosls of
infarction,the fault probably lay with the cliniclan 1n
omitting to perform further adequate electrocardiographle
studies, rather than with the electrocardlogram. ‘this degree
of electrocardiographic accuracy found, however, 1is of a
similar order to that reported by Paton (1957) who, in a study
of 97 necropsies on patlents dylang of acubte myocardial
infarction in whom electrocardiographic observations had been
made, found the electrocardlogram to be accurate in 94% of
cases. However, it is clear that in & small percentage,

the electrocardiogram,although abnormal, does m t become
diagnostic of acute myocardial infarctiom and in such cases
additional objective diagnostic help would be valuable.



THE RESULTS OF SERUM TRANSAMINASK ASSAY IN
ACUTE MxOCARDIAL INFARCTION.

The results of serum transsminase assays following
67 attacks of acute myocardial infarctiom are presented below.

1) The period of delay before Serum Transaminase Activity
rises followlng Acute Myocardial Infarction.

In 17 attacks of acute myocardial infarction in which the
exact time of onset had been established serum transaminase
activity was determined within 6 hours of the onset of the
attack and in all instances was found to be normal. 1wo of
the se .attacks (Cases, 4 and 18, proved fatal before a rise in
serum transsminase activity was demonstrated and,in Case 4.,
the diagnosis of acute myocardial infarction was confirmed at
post mortem examination. In those attacks of myocardial
infarction in which the time of onset of the infarction had
been e stablished with certainty the earliest increases in
serum trensaminsse activity were found in Cases 20a and 71,

7 hours after the onset of the attuck.

2) High levels of serum itransaminase Activity following
Acute Myocardiasl Infarction.

Attacks in which the diagnosis was based on the
History, (linical #indings and Electrocardiographic
patterns of Ascubte wmyocardial infarction.

a) Im Acute wransmural myocardial Infarction.

In 39 out of 45 attacks of acute transmural infarction,
high levels of serum transaminase activity were demonstrated.
(Table II, Appendix III). Im 3 out of the 39 attacks only
single specimsns of serum were examined for transaminase
activity 6 - 24 hours after the onmset and in each of these
attacks high levels of activity were found. Im the remalning
36 attacks, serial assays were performed and peak levels of
serum transaminase activity were reached & - 24 hours after
the onset of illmess in 10 attucks, 24 - 48 hours after the
onset im 17 attucks and 48 - 72 hours after the onset in 4
attackse in 5 attacks the first specimons: of serum examined
were withdrawn 72 - 144 hours after the omset of the illness
and increased transaminase activity was demonstrated in these
specimens. (Cases, 3, 9, 13a, 28, 40). In 13 attacks in
which the assay was performed ome week following the omset of
the illmess, high levels of transaminase sctivity were not
found, although borderline levels of activity were found in 2
attacks.(Cases 1, 28). in 3 attacks, high levels of serum
trensaminase activity were demonstrated only in the 6 - 24
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/6 - 24 hour period following the onset of infarction,
subsequent assays showing borderline or normel levels of
trensaminase zctivity. (Cases 41, 42b, 47b). In one attack,
(Case 48) serum trensaminase activity was normsl 6 - 24 hours
after the onset of the illmess but rose to high levels 24 - 48
hours after the onset of the illness. Figure 1 illustrates
the Varlability of the duration of the rise in serum
transaminase activity following acute transmirsl myocardial
infarctions. 1t is seen that,in Case 1., peak levels of
activity were reached 72 - 96 hours after the onset of the
illmess and that high levels were still present 5 days after
the onset. in contrast, high levels of serum trensaminase
activity were found in Case 41, 6 - 24 hours after the attuck,
normal - serum tramsaminase activity being found thereafter.
High levels of serum transaminase activity were found in each
of 33 attacks of acute transmural inferction in which serial
assays were performed 6 - 24 hours and 24 - 48 hours after the
onset of the attack. nigh levels of serum transaminase
activity may persist for 6 days following acute transmural
infarction, but 1t should be noted that high levels of
activity were found in less in half the cases in whom the
assay was performed 72 - 96 hours after the onset of the
illness., (Table XVIII, Appendix III). The rangs of msximum
serum transaminase activity in these attacks of acute trans-
miral infarction wss 62 - 493 units/ml. In 26 out of 39
attacks serum transaminase activity wus found to be above

100 units/mle In the other 13 attacks, serum transaminase
activity did not rise above 100 units/ml.but., in 5 of these
attacks, the f¥ st specimen of serum examined for transeminase
activity was withdrawn at least 72 hours after the onset of
the illness snd it is, therefore, probsble that maximum levels
of activity were not present at this time. Thercfore, in 8
attacks of trensmural infarction, in which serum transeminase
«ctivity was estimated within 48 hours of the omset of the
attack serum transaminase activity failed to rise above

The average daily serum transaminase activity in the 39
attacks of tramsmural infarction showlng high levels of :
ectivity is illustrated in rigure IT. The average
trensaminase activity was at normal levels in the periocd 0 - 6
hours following the onset of infarction and then quickly rose
to high levels,which were maintained for 72 - 96 hours before
falling to borderline levels in the period 96 - 120 hours
after the onset of the infarction. by the end of the first week,
the average activity had fallen to normal. ‘the highest
average serum transzminase activity was 130 units/ml. and
was present 24 - 48 hours after the onset of infarction.
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b) In Acube Intramursl Myocardiszl Infarction.

. .In 6 out of 9 attacks of acute intramural myocardial
infarction serum transaminase activity rose to high levels.
In these 6 attacks, serial assays of transaminase activity
were performed. <whe results are presented in Teble III,
Aprendix III.

The results of serial estimations of the transaminase
activity in these attacks demonstrate the importance of
performing the assay in the periods 6 - 24 hours and 24 - 48
hours after the onset of the attack, since high levels of
activity were reached in each of the 6 attacks during these
times. In 2 attacks (Cases 7, 25a), high serum transaminase
activlity was found 6 - 24 hours after the onset of the attack
only, subscquent assays of transaminase activity showing
normal levels. High levels of serum transaminase activity
were not found more than 48 hours after the onset of these
attacks, (Table XIX, Appendix III), although borderline levels
of activity were demonstrated in 3 attacks 48 - 72 hours
following the onset of illnmess. (Cases 25b, 39, 71). Figure
-JII 1llustrates the short duration of increased serum
transaminase activity found following acute intramural
myocardial infarction. In Case 71., high levels of transaminase
activity fell to borderline levels 48 - 72 hours after the
onset. In case 7., high levels of activity were demonstrated
17 hours after the onset only. Fhe range of maximum serum
transaminase activity in the 6 atte cks in this group was
55 - 85 unilts/ml. Serum transaminase activity did not rise
above 100 units/ml. in any case, but peak levels may mot have
been detected in 2 attacks (Cases 39, 43), in which the assay
was not performed in both the 6 - 24 hour and 24 - 48 hour
periods after the onset of the illmess. The maximum levels of
transaminsse activity observed were lover than those founrd in
most cases of ascute transmural myocardial infarction, but
re sembled those found in 8 cases of the latter group in which
serum transaminase activity failed to rise above 100 units/ml.
The average dally serum transaminase activity in attacks of
acute intramurazl myocardial infarction, which showed a rise
in serum activity, is illustrated in Flgure II., which shows
that serum transeminase activity was at normal levels O - 6
hours after the onset of infarction, quickly rose to high
levels which were maintained for 24 -~ 48 hours following the
onset of the illmess, returmed to normal levels 48 - 72 hours
after the onset of myocardial infarction and thereafter remained
normal. The highest average dally levels were 60 umits/ml.
and these were present in both the 6 - 24 and 24 - 48 hour
periods following infarction.
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¢c) In Acute myocardial Infarction in which the diagnosis was
based on the history, clinical findings sand € lectrocardio-
graphic patterns which, though grossly abnormal, were at
no time diagnostic of Acute Myocardial Infarction.

'In 6 attacks of acute myocardlal infarction the electro-
cardiogram, although abnormal, was at mo time diagnostic of
~acute myocardial infarction. In 5 out of these 6 attacks,
serum transaminase activity rose to high levels. ‘the result s
of serial serum transaminase estimations in these 5 attacks
are shown in Table IV,(4pvendix III). The time/transaminase
curve In these attacks resembled that already described in
those attacks in which the electrocardlogram confirmed the
disgnosis of acute myocardial infarction. The importance of
periorming assays of serum transaminase activity 6 - 24
hours following the onset of the attack is emphaslised since,
in Case 10., the only high level of zctivity demonstrated
occurred in this period. +the range of maximum serum
transaminase activity was 60 - 220 units/ml.

d) Atbtacks in which the diagnosis of Acute Myocardial
Infarction was based on the history and clinical findings

OnlYe.

These 7 attacks of acute myocardial infarction have already
been described. 1In 6 out of these 7 attacks high levels of
serum transaminase activity were demonstrated and the results
of tramsaminase assay in attacks, showing increased
transaminase sctivity, are presented in Table V, Appendix III.
Serizl assays over a period of days were performed in only
one attack (Case 20b). In 5 out of these attacks, high levels
of tramsaminase activity were found 6 =~ 24 hours followling the
onset of the attack. In the remaining attack,a high level of
activity was demonstrated 24 - 48 hours after the onset of the
{limess. The exact time of onset was known in each attack.

The ramge of maximum serum trans-minase activity observed was
73 - 620 units/ml. The highest kvel of transaminase actlvity
recorded in 67 attacks of acute myocardial infarctlion was

620 units/ml. and was found in Case 13b.

3) Normal or Borderline Serum Tramssminase activity following
Acute Myocardial infarction.

In 11 out of 67 attacks of acute myocardial infarction
high levels of serum transaminase activity were not detected
following the onset of the attacks. (Cases, 4, 8, 16, 18, 19a.,
29, 49, 51, 54, 56, 84). jthe restlts of transaminase assay in
these attacks are presented in rable VI, Aprendix 1II. it
is emphasised that the time after the onset of severe symptoms
which occuzsioned the patient! s admission to hospital recorded
in Pable VI., is not identicsl with the tine after the onsect of
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/o? acute myocardisl infarction. In all except 2 attscks,
which proved rapidly fatal, (Cases 4 and 18;., serial and
duplicate transaminase assays were made. 4here attacks will
now be considered and the probable ressons for fzilure to
demonstrate increased serum trans:minase activity in them
discussed.

in 2 attucks (Cases 4, 18) serum transaminase assay was
performed within 6 hours following acute myocardial infarction
that 1s, In the period before a rise im serum transaminase
activity could be expected. whese attacks proved quickly fatsl
and serial estimations could not be performed.

in 5 out of 45 attacks of acute transmiral myocardial
infarction,failure to demonstrate increzused serum transaminase
a.ctivity following myocardial infarction was considered to be
due to late sampling of the patient!s serum following the
attack. (Cases 19a, 29, 51, 56, 84). In 2 of these 5 attacks,
(19a, 84) the patients had not been admitted to hospital until
72 hours after the onset of the illness. In the remaining 3
attacks, it was impossible to detecrmine the time of onset of
acute myocerdial infarction with certainty,(Cases 29, 51, 56)
but, after comnsideration of all available clinical and electro=-
cardiograrhic evidence, it was thought probable that acute
myocardial infarction had occurred 4, 5 and © days respectively
before the patlent!s admission to hospital. it was considered
that attucks of angina pectoris at rest following acute
myocardial infarction had prompted the patient's admission to
hospitals In one attsck of acute transmural myocardial
infarction borderline levels of serum transaminase activity were
found shortly after the patient's admission to hospltul.(Case
49). Acute transmrsl myocardial infarction was presumed to
have occurred four days before the patientt!s admission to
hospital, and the borderline levels of serum trans:minase
activity to represent previously high levels of activity which
were falling to normal., Ainm equally valid explanation of the
borderline imcrease im serum tramsaminsese activity 1s that it
was the result of a severs attack of angina pectoris at rest
which occurred 13 hours before serum transaminase activity wws
me asured since, as will be shown later, borderline levels of
activity may occasionally follow such attucks. An error in
technique in the performance of the test can probably be
excluded since other tests performed on the same day on
specim:ns of serum from other patients suffering from acute
myocardial infarction revealed high levels of transaminase
activity.

In 3 out of 9 attucks of acute Intramural myocardial
infarction normal transsminase sctivity was found.(Cases 8, 16,
54). In 2 of these 3 attacks of intramural myocardial
infarction failure to detect increa:ed serum transaminsse
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/transaminase activity was ascribed to lete sampling of tle
patientts serum after the onset of the 1llness. In Cuse 8.,
the first serum transaminase assay was performed 54 hours and,
in Case 54., 6 days after the onset of intramural myocardial
infarction.

In the remaining attack (Case 16), normal serum transaminase
actlvity was found although the assay had been performed 6
and 28 hours following the probable onset of myocardial
infarctiom. Ths peak level of serum transaminase activity
may have been missed since the first sssay was performed at
a time when a rise in activity could not be expected and the
second assay was delayed until 28 hours after the onset of
the 1llmess. The other explanation which is equally likely
is that serum transaminase activity failed to rise to high
levels followlng acute intramural myocardial infarction.
Technical errors in the performance of the assays in this
case are considered unlikely since high levels of serum
transaminase activity were demonstrated in other cases on
the same day.
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) ?HE‘RESULTS OF POST MORTEM 4ND HISTOLOGICAL
EXAMInAYION T CASES OF ACUTE myOC.RUDIAL INFARCTION
AND ANGINA PECTORIS AT REST.

It :}s obviously of great importance to obtain autopsy
confirmation of the presence of acute myocardial infarction
in the cases studled, especially those cases in which normal
tramsaminase sctivity was found or in which the electro-
cardiogram failed to show patterns diagnostic of acute
myocardial infarctiom and also in which the diagnosis had
been made on clinical grounds alone. it 1s equally
important in cases of asngina pectorls at rest to demonstrute,
at autopsy, the sbsence of a related acute myocardial
infaretion. 1desally, this latter aspect of serum transaminase
activity should be studied in patie nts who have had symptoms
of severe sangins pectoris at rest and who have died from
interourrent disease shortly after serum transaminase assays
have beem performed. Such an opportunity did not srise in
this investigation,but three patiemts who died of acute
myocardial infarction had had attacks of severe angina pectoris
st rest,following which serum trsnsaminase activity had been
studied. (Cases 2, 11, 77).

21 out of 57 petiemts died as a result of acute myo-
cardisl infarctiom. (Cases 1, 2, 3, 4, 6, 11, 12, 13, 15, 18,
20, 34, 35, 36, 38, 48, 50, 54, 59, 69, T7) In Cases 1 and
3., the electrocardiogram was diagnostic of acute transmurel
myocardial infarctiom and high levels of serum transaminase
activity were demonstrated. The presence of acube
myocardlal infarction was confirmed at aubtopsy and micro-
scopic examination of the myocardium showed changes diagnostic
of acute myocardial infarction. In Case 4, acute myocardlal
infarction was diagnosed on clinical groumds. the patient
died 4 hours after the onset of the attack and serum transam-
inese activity was normsl 14 hours after the onset. Pos?t
mortem examination revealed a recent thrombous in the posterior
coromnary artery and histological e xamination of the myocardium
supplied by this vessel revesled the earliest changes oi acute
myocardial infarction. jhis is am important observatlon
since it shows that normal serum transaminase activity may be
expected im the first hours following acute myocardial
infarction.

in Case 36., the patient had sustained two attacks of
acute myocardial infarction, there being sn interval of 6 days
be tween the attacks. After the first attack (368 ) the
els ctrocardiogram was diagnostic of acute transmural myocardial
infarction and high levels of serum trans aminase activity
were present following this attack, which fell to normal
Jevels 84 hours after the onset of this lllmess. +he second
attack (36b) was followed by a rise Im serum transaminase
activity to high levels, but am ele ctrocardlogram was not
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/not performad.rost mortem examination revealed two areas of
fresh myocardial infarction of ages appropriate to the rises
in transaminase activity observed.

In Case 11, two attacks of acute myocardial infarction
were studied. 1In the first attack (1la) the ele ctrocardiogram
showed changes typical of en acute transmural anterior
myocardial infarction and amn o0ld posterior myocardial infarct-
ion,and serum transaminase activity was increased to high
levels, In the second atteck (1llb) which occurred 4 days
after the first attack, when serum transaminase levels had
returred to normal, the electrocardiogram was sugge stive but
not dlagnostic of a recent acute vosterior myocardial infarct-
ion,and serum transaminase asctivity following the onset of
this illmess rose from normal to high levels. rost mortem
examination confirmed the presence of recemt infarctionmn,of
several days' duration,of the anterior and posterior walls
of the left ventricle and of the intervemtricular septum.

An attack of angina pectoris at rest occurred in this case
less than 2 days before death and lasted for 13 hours but was
rot followed by incressed serum transaminase activity.
Uafortunately, electrocardiograms were mot recorded following
this attack of chest pzin. There was mo autopsy evidence of

s very recent infarction which might be related in time to
this attack of amgina pectoris.

In Case 2., acute myocardial infarction was dlagnosed
on clinical groumds alome. Hlgh levels of serum trensamlnase
activity were present following the attack. Post mortem
examination revealed a recent acute infarction of tl® myo-
cardium with acute pericarditis. in this case, very severse
attacks of angina pectoris at rest had occurred 18 days before
the omset of the acubte myocardial infarction demonstrated at
autopsye. Following these severe attacks of pain there was
Bo electrocardiographic evidence of recent acute myocardial
infarction,slthough there was evidence of an old anterior
myocardial infarction. Serum transaminase activity was
increased to borderline levels followinmg these frequent
attacks of anglms pectoris at rest. There was mo histological
evidence of acute myocardlal mecrosis which could be related
to the rise inm transaminase activity found after angina
pectoris at rest but am area of recent myocardlal mecrosis
might be easily overlooked in a heart showing gross athe roma
of the coronary arteries and gross ischaemic fibrosis of the
myocardium, since the whole myocardium was not examined
histologically. \

in Case 6., the history amd climlcal findings were
typical of acute myocardial infarction but serlzl electro-
cardiograms did not show changes typical of acute myocardial
infarction, a@lthough they were very suggestive of acute
posterior myocardial infarction. High levels of serum
transaminase activity were demonstrated followlng the onsst
of the illness and post mortem examinatlon confirmed the
presence of acute myocardial imfarction.
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In Case 77., the diagnosis of acute myocardial infarction
was made on clinicel grounds only and high levels of serum
transiminase activity were found after the onset of the
illrness. FPost mortem examin:ztion confirmed the presence of
acute myocardial infarctiom of about 24 hours! durstion.

11 days before the onset of this acute myocardial infarction,
the patient had suffered an attack of zngine pectoris at rest
Whi:ch lasted for eight hours. The electroc:rdiogr:m following
this attack showed the changes of acute coronary insufficiency
but no evidence of acute myocardial infarction and serum
transaminase activity was demonstrated to e normal 36 and 60
hours after this attack of chest pain. Although fibrosis of
the posterior wall of the left ventricle was noted on sutopsy,
there was no evidence, on macroscopic examination of the heart,
of a myocardiasl infarction which might be relszted to this
attack of angins pectorls at rest. unfortunately,
histological examination of the myocardium was not made.

The liver was examined histologiczlly in 7 out of these 8
cases. ko abnormality of liver structure was found in Cuzse 4
in which the disease had proved fatal, within 4 hours. In 5
cazes8, histological changes indicative of moderate chronic
venous congestion of the liver were present.(Cases 1, 3, 6, 1l,
36). In 1 case, (Case 2) the histological changes were those
of severe chronic venmnous congsstion. uthere was no evidence of
centrilobular necrosis of liver in zsny of the cases exumined.

therefore, pathological confirmation of the occurrence
of acute myocardial infarction wes obtained in 10 attacks of
acute myocardial infarction. 1in 2 of these attacks, the
electrocardiogram hzd not been dizagnostic of acute myocardlal
infarction. (Attacks 6, 11b) and im 3 atticks the dlagnosis
had been made on clinical grounds slome. (Attacks 2, 36b, 77).
In 9 of these 10 attacks high levels of serum transaminase
activity werse present following theilr omset. 'In one attack,
serum tramsaminase activity was normal 14 hours after the
onset comfirming that & delay occurs before serum transaminase
activity increases and that the assay is unlikely to be of
diagnostic help if performed in the first hours after acute
myocsrdial infarction. ‘there was, therefore, good agreement
between the results of serum tramsaminsse assay and autopsy

findings.

yhe post mortem findings in cases of angina pectoris at
rest suggest that myocardial ischaemia unaccompanied by
myocardial infarction doss not result in high levels of serum
trans aminase activity. yvhe autopsy evidence in this group
of cases is not as convincing s that fourd 1in acute
myocardial infarction. yhe unsultability of the cases of
sngina pectoris at rest studled has already been discussed.
wvhe significsnce of borderline levels of transaminase activity
demonstrated in case 2., following frequent attacks of anginal
pain 1s mot clear but 1t is pointed out that myocardial
necrosis wis mot filnally excluded. dJhronle venous congestion
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/congestion of the liver wuzs found in 7 out of the 8 cases
pf acute myocardial infarction examined at autopsy.
ventrllobdar mecrosis of the liver was mot found in sny case.

EVIIENCE OF HEPATIC DsSFUNCTION IN ACUTHE MyOCARDIAL
INFARCTION AND AN INVoSTIGATION INTO THu ReLATION-
SHIP BETWEZN HEPATIC DySFUNCTICN AND SERUM
TRANS AMINASE ACTIVITY.

Evidence has been presented that serum transaminase
may possibly be excreted by the biliary route and that chronic
vemous congestion of the liver is a commmautopsy finding In
acute myocardial infarctiom. It wes, therefore, decided to
examine hepatic function in scute myocardial infarction to see
if there was any relationship betweem hepatic dysfunction and
serum transaminsse activity in this disease. In 19 attacks of
acute myocardiasl infarction, tests of the liver function and
serum transamlnase assays were performed on the same spe cimens
of blood. (Attacks 1, 3, 5, 7, 8, 10, 1la, 11b, 12, 15, 16, 17,
25b, 26, 27, 3la, 3lb, 48, 69).

Four attacks of acute intramursl myocardial infarction
were studied (7, 8, 16, 25b), and the results of liver function
and serum transaminase assays are presented in Table XI, (
Appendix I1I). There wazs no evidence of hepatic dysfunction
in two of these four attacks (Attacks, 7 and 8). In Attack 8.,
serum transaminase sctivity was normal, due to late sampling
of the serum following ths attack while, in Attack 7., &
trsnsient rise of scrum transaminase activity to high levels
was observed. Im the other two att:cks, (16 and 25b), there
was evidence of hepatic dysfunction, serum bilirubln and zinc
turbidity levels being elevated in both attacks. In Attack 16.,
serum transaminase activity was normal although there was
evidence of liver dysfunction. fThe probable ressons for failure
to demonstrate increased serum transaminase activity In this
attack have already been discussed. In Attack 25b., high
levels of serum trensaminase sctivity were demonstrated for
%6 hours after the onset of the illmess when there was no
evidence of hepstic dysfunction. These high levels of activity
fell to normsl 84 hours after the onset of the illmess when the
results of tests of liver function were abnormal. These
re sults suggest that incresse 1ln serum transaminase activity in
acute intramursl myocardial infarctiom is not the result of
hepatic dysfunction.

serial assays of liver functlcn and serum transaminase
activity were performed in 2 attacks of acute myocardial
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/myocardial infarction, in which the ele ctrocardlogrem was

at no time diasgnostic of acute myocardial infarction, (Attucks
10, 11b)s The results of these examinations are presented
in Table XII, (4ppendix III). In attack 10., a transient
rise 1In serum transaminase activity to high levels was
demonstrated in the sbsence of evidence of hepatic dysfunction
and, in Attsck 11lb., serum trunsaminase activity rose to high
levels although a positive Van dem Lergh reaction was the

only abnormality found in serial tests of liver function.
1these findings suggest that in these attucks increased serum
tramsaminase activity was not due to disorder of the liver.

Tests of liver function and serum transaminase assays
were performed in 13 attacks of acute transmural myocardial
infarction and the results of the se examinations are presented
imn Table X, (appendix IITI). Imn 3 out of these 13 attacks
there was no evidence of hepatic dysfunction. (13, 48, 69).
In attacks 48 gnd 69., zinc turbidity levels were increased
which, in the absence of other abmormalities im tests of
liver function, were interpreted as evidence of an increase
of the gamm globulin fraction of the plasma proteims, which
may be due to le sions otler than hepsatice in these 3
attacks ,high levels of serum transaminase activity were
demonstrated. in the remsining lu attacks of acute trans-
miral myocardial infarction, hyperbilirubinsemia was found
which was accompanied in 2 attacks by high levels of zinc
turbidity. (attacks 5, 27). In 9 out of these lu attacks
serial assays of liver function and serum transaminase
activity were performed. High levels of serum transaminase
activity were demonstrated in 5 out of 9 attacks before there

was evidence of liver dysfunctionm. (Altacks 3, lla, 12, 27, 31b).

Normal serum transaminase activity was found in the presence of
abnormalities of liver funection in 2 attacks. (b, 17). It is
inferred from these findings thst increased serum transaminase
activity following acute transmural myocardial infarction

is not the result of hepatic dysfunction.

Phe possibility that impaired excrefiion of serum
transaminase comsequent to liver damage might accoumt for the
long:r duration of high levels of serum transaminase actlvity
following acute tramsmural myocardial infarction 1s next
conmsidered since it was moted that, in those cases in which
hyperbilirubinaemia and high levels of serum transaminase
activity were found, serum transaminase levels temded mot to
fall to normal as rapidly as in those cases in which increased
serum transaminase activity was demonstrated without hyper-
bilirubinsemia. Maximum serum transaminase activity was
found when abnormality in tests of liver function was most
marked in 3 attacks, (5, 12, 3la) but In 4 attacks serum
transaminase activity was falling Irom pe ak levels when
abnormalities in the tests of liver function hzd become more
marked. (3, 26, 27, 31b). There is, therefors, no constant
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/constant relationship between maximum serum transaminase
«ctlvity and maxipmuam disorder of hepatic function. However,
in one patiemt in whom repeated bromsulphalein tests of
liver function were performed, interesting results relevant
to thls problem were obtained. (Case 26)., In this cnse, a
bromsulphalein test was performed with normal result following
an attack of angina pectoris at rest when serum transaminase
activity wes normel. Three days later, the patient developed
acute transmural myocardial infarction. High levels of
serum tranmsaminase activity and marked retention of the dye,
indicative of severe liver impairment, were demonstrated 30
hours after this attack. On the 7th.day after the attack,
when signs of mild congestive cardiac failure were present,
serum transaminase activity had returmed to normal although
a bromsulphalein test revealed moderate retention of the dye,
indicative of continuing hepatic insufficiency. ‘hese
results suggest that hepatic impairment, although not the
cause of increased serum transaminase activity following
acute myocardial infarction, may possibly impede the
excretion of the enzyme through the liver znd, in this way,
contribute to the maintemnance of high levels of serum
tramsaminase activity for severazl days.

- -t s o - —— g o— - -~ lea s S —

“HE CORRELATION BETWEEN THE DiGREL OF PRRIPHERAL
VASCULAR FAILURE AND THE LEVEL OF SHZRUM
TRANSAMINASE ACTIVITY FOUND FOLLOWING ACUTE
MYOCARDIAL INFARCTION.

The degree of peripheral vascular fallure, using
clinical criteria, was assessed in 67 attacks of acute
myocardial infarction. “hese assessments are included in
individaal case histories in Appendix II. There was Rno
evidence of peripheral vascular fzilure during the period of
observation in 20 out of 67 attacks of acute myocardial
infarction. (Attacks 8, 9 11b, 14, 16, 19a, 25a, 25b, 28, 29,
37,41,42b, 43, 47s,49,51, 54, 56, B84). A minimal degree of
peripheral vascular failure was present in 25 attacks of
acute myocardial infarction.(Attacks 2, 7, 10, 1lla, 15, 19D,
22, 24, 25¢, 31b,36a, 36b, 39, 40,42a, 44, 45, 46, 47b, 48,
55, 69, 71, 77, 122). A minimal to moderate to extremely
marked degree of periphsral vascular failure was present in
the remaining 22 attacks. (Attacks 1, 3, 4, 5, 6, 12, 13a,
17, 18, 20a, 20b, 21, 23, 26, 27, 3la, 34, 35, 38, 50, 59).
There fore, in 45 eut of 67 attacks of acute myocardial
infarction there was either no evidsnee of peripheral
vascular failure ,orr 1t was present to a minimal degree. A -
minimal to moderate to extremely marked dsgree of peripheral
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/peripheral vasculer fallure was present in the remaining 22
atta0k50

In 23 attacks of acute transmural infarction in which
peripheral vascular fallure wass zbsent or present only to &
minimal degree and in which a rise of serum transamlnase
actlvity wes demonstrited, the uverage maximum serum
trunssminase activity was 116 units/ml., the range of maxinum
activity being 57 - 313 units/ml.(Attacks 9, 1lla, 14, 15, 22,
25¢, 28, 31b, 36a, 37, 40, 41, 42a, 42b, 44, 45, 46, 47a,47Db,
48, 55, 69,122.) In 16 attacks of acute tramsmr al myocard-
igl infarction in which a minimal to extremely marked degree
of periphersl vacculzsr failure was present and in which & rise
in serum transaminasse activity was recorded, the average max-
imum serum transaminsse activity was 214 units/ml., the range
of maximum sctivity beilng 80 - 493 units/ml. (Attacks 1, 3, 5,
e, 13, 17, 2va, 21, 23, 26, 27, 3la, 34, 35, v, 59).

In 6 attacks of acute intramural infarction in which a
rise 1n serum transaminase activity was demonstrsted
peripheral vascular fallure was absent in 3 attacks,(25a,25b,
43), and present to a minimal degree in 3 attacks, (7,39,71).
More severe degrees of peripheral vascular fallure were not
‘observed. in this small number of attacks, the average
minimum serum transaminase activity was 68 umits/ml., the
range of maximum sctivity being 55 -~ 85 units/ml.

In 11 out of 13 attacks of acute myocardial imnfarction
in which the diagnosis was based either on clinical findings
alome or on clinical findings together with electrocardlo-
graphic patterns which, although abnormal, were at no tine
diagnostic of acute myocardial infsrction, high levels of
serum transeminase activity were demonstrated. in 7 of these
11 attacks, peripheral vasculsr failure was absent or present
to a minimel degree only. (Attucks 2, lu, 11b, 19b, 24, 36D,
T7)e Ian these 7 attacks, the average maximum serum
transaminase activity was 101 units/ml., the range of maxlirmum
activity being 60 - 22y units/ml. in 4 out of 11 attacks,
in this group, marked to extremply marked peripheral vascular
failure wzs present and the average maximum serum tramsamlnase
sctivity in these cases was 248 units/ml., the range of
maximum activity being 9u - 620 units/mi.

The re fore, in 36 attacks of acute myocardial infarcticn
in which peripheral vascular fallure was absent or presemt to
a2 minimal degree and im which increased serum transaminase
activity was found, the average meximum serum trunsaminase
activity was 95 units/ml. In 20 attacks of acute myocardial
infarction in which a rise of sefum transaminase activity wzs
demonstrated and in which a moderate to extremely marked
degree of peripheral vascular fallure was present, the average
meximm serum trenseminase sctivity wes 231 units/ml. These
figures must be accepted with reserve since the number of
attacks studied was smsll end in several attacks it was not
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due elther to late sampling of the patient!s serum or to

the early death of the patient. It is suggested , however,
that they provide evidence of statistical correlstiom of
serum trensaminase activity to the degree of peripheral
vasculer failuwe developing after scube myocardial inferction,
although 1t is clear that, in individual cases, the level of
serum transaminase ectivity cannot be accepted as evidence of
the degree of peripheral vascular fzilure present.

T - — - - - - -

THE RESULTS OF SERUM TRANSAMINASE ASSAY AND
ELECTROCARDIOGRAPHIC EXAMINATION IN CASES
OF ANGINA PECTORIS AT REST,

Serigl assays of trecnsaminase activity were performed
following 25 attacks of angina pectoris at rest occurring in
20 patiembts. The results of these assays are presented In
Table VII, (Appendix III).

In each of these attacks the site, character and
radiation of the che st pain was typical of angina pectoris.
In 12 out of 25 attacks, chest pain was present for periods
varying from 1u-45 minutes. (Attacks, 7, 8, 26, 3va, 52, 57, 58a,
58b, 60, 61, 65). In 12 out of the 25 attacks, chest pain
lasted for an hour or more.(Attscks 2, 11, 254, 25 , 25f, 32,
33, 62, 67, 68a, 68b, 77). In the remaining attack, (30b),
the duration of anginal pain was not recorded but the pain
was severe snd presumably prolonged since 1t requlred morphine
sulphate for 1ts relief. scute myocardial infarction was
guspected in these cases.

In 3 atbtacks the dlagnosis of angina pectorls without
myocardial infarction was mude om clinical grounds. {Attacks
7, 11, 61. In attacks 7 and 1ll., electrocardiograms were
not performed. im attack 11, paroxysmal auricular fibrillation
was presemt. 1in attack 6l., the electrocardlogram did not
finally exclude a fresh myocardial infarction but, in the
absence of seriszl ele ctrocardiogrems, the dlagnosis of
spgina pectoris was made on clinical grounds. u.un the remaining
22 attacks, adequate electrocardiographic studles were made
and in these attacks there was mo electrocardiographic evidence
of fresh myocardisl infarction following the onset of anginal

ain.
o High levels of serum transaminase activity were not

found following these 25 attacks of angina pectoris snd serum
tramsaminase activity remaimed normael in 22 out of the 25
attacks. Lowever, in 3 out of the 25 attacks, bokderline
levels of transaminase activity were demonstrated followlng
the omset of paim. (Attacks 2, 25e, 68b,.
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in attacks 2 and 25¢., an increase in serum transaminase
activity to borderiime levels followed repeated and severe
attacks of chest palm and it was impossible %o relate the
rise in transeminase activity to ome particulsr attack of
pain. In both these attacks thers was ele ctrocardiographic
evidence of previous myocardial infarctions, but there was
no evidence of a fresh myocardial infarction on serilal
examination of the electrocardiogram following the onset of
severe chest pain. In attack 68b., borderline levels of
sérum transaminase activity were demonstrated following
anginal paln of 3 hours! duration, the riss occurring 24
hours after the onset of the pain. +Fhe electrocardiogram
following this attack showed no gross abnormality or
evidemce of myocardial infarctiom, although electrocardio-
graphic changes, suggestive of myocardial fibrosis,were present.
these 3-attacks belong to the group in which chest pain lusted
for more tham ome hour but there seems to be no clear relation-
ship between the duration of che st pain and a borderlire
increase in serum transaminase activity since normal serum
transaminase activity was demonstrated in attacks 254, and 77,
in which anginal psain lasted for 8 hours,and in attack 32,
irn which pain was present for 14 hours.

Ele ctrocardiogrsphic observations were made following
23 attacks of angina pectoris and a high incidence of
abnormality in the ele ctrocardiogram was found.

In 9 out of 23 attacks there was electrocardiographic
evidence of previous myocsrdial infarction, (2, 8, 2564, 25¢,
25f, 30a, 30b, 32, 33), and the presence of a previous myo-
cardlial infarction was suspected in attacks 57 and 62, It is
gemerally agreed that the electrocardiographic dlagnosls of
acute myocardial infarction may be very difficult in the
presence of electrocardiographic changes due to previocus
myocardial infarctiom. +the fallure to demonstrate high levels
of serum tremsaminase activity in these 9" attacks and the
presence of normal trsnsaminase activity in 7 out of the O
attacks is of great interest amd potential practical
importamce. ‘he demonstration of borderlime levels of
activity in 2 attacks im this group has already been reported.
(Attacks 2, and 25¢).

The electrocardiographic patterms of acute cororary
insufficiency were found in 6 out of 23 attacks of angina
pectoris. (Abttacks 53, 58a, 61, 65,77). NOrmal serum
transaminase activity was demonstrated following each of tlese
attacks. In 7 out of 23 attacks of angina pectoris electro-
cardiographic changes indicative of myocardial ischaemia were
present. (Attacks 26, 3va, 30b, 32, 33, 52, 60), but were
associated in each instance with normal serum trensaminase
activity. Normel serum tramsaminase sctivity was also
associated with the electrocardiographic patterns of lef?b
ventriculsar strain in attack 52 and with those of left
ventricul ar hype rtrophy amd strain in attacks 58a, 58b, and

60..
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THE RESULTS OF SHRUM TRANSAMINASH _ASSAY, sIECTROCARDIOCGHAPHIC
SXAMINATION, POST MOZTKM AND LIVuR FUNCTION TESTS iIN CARDIO-
VASCULAR CONDITIONS OTHER THAN ACUTE MYOCARDIAL INFARCTION

. OR ANGINA PECTORIS AT REST, .

The detalled results of serum transaminase assays,
electrocardiographic examinztions, post mortem examinations
and liver functiom tests in the cardiovascular conditions
considered below are included in individusl case histories in
Appendix II.

1) Acute left ventricular snd congestive cardiac failure due
to Aschaemic heart disease,

It has been shown that acute myocardial infarction not
uncomonly presents with signs of left ventricular failure
and that congestive cardiac failure may accompany or follow
acute myocardial infarction. it is dmportant, therefore, to
examine serum transaminase activity in cases of left
~ventricular and congestive cardlac failure which are unrelated
to acute myocardisl infarction or complicated by other lesions
such as cardiac arrhythmias or thrombo-embolic phenomsna etc.,
which may,as wlll be demonstrated later,be assoclated with
increased transaminase activity.

4 cases of left ventricular fallure were studied (Cases
64, 70, 72, 74). The causal lesion in each case was
considered to be ischaemic hesrt diseasg, hypertensiom belng
a complicating factor in Cases 64 and 70. Serum trunsaminase
actlvity was demonstrated to be norm:zl fn tlhese 4 cases.
fhere was no ele ctrocardiographic evidence of acute myocardial
infarction in any of the cases. ilectrocardiographle patterns
Aiagnostic of left ventricular struin were present in two
cases (64 and 70), and could not be excluded in Case 74.,
where the effect of digitalis therapy made imterpretatiom of
the electrocardlogram difficult. in Case 64., changes in
the electrocardiogram were diagnostic of antero-lateral
ischaemia and, in Case 72., suggested chronic coromary artery
disease. In Case 64., essential hypertension had entered
the melignant phase and this diagnosis was confirmed on post
mortem examimation. 1t should be noted that, while gross
coronary atherosclerosis was demonstrated at autopsy, there
was ro evidence of acute myocardial Infarction.

3 cases of congestive cardiac fallure due to ischaemic
he art disease were studied (cases 72, 73, 11l4,, =nd serum
transaminase activity was normal om serlsl examination in each
case . yhe findings in case 72., in which left ventricul«r
failure was also present, have already been discussed. There
was mo clinical or ele ctrocardlogruzphic evidence of acute

myocardial infarction in these cases. %1he electrocardlograms,
in case 73., showed changes dlagnostic of an old posterior
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T/mposterior myocardial infarction and left ventricular strazin.
&le etrocardiogrephic patterns, diagnostic of left bundle
braeneh block, were present in case 114. These results
suggest that left ventriculsr and congestive cardiac failure,
when not associated with cardiovasculsr le sions known to
result in increased serum transaminase sctivity, are assoc-
lated with normal levels of serum transaminase sctivity.

2) Ischsemic Heart Disease.

Serum transzminase activity was normal on repe ated
examlnation in 7 patients who suffered from ischsemic heart
disease (cases 64, 7v, 72, 73, 74, 75,114). In these cases,
tkere was no clinical or electrocardiographic evidence of
recent myocardial infarction snd there had been freedom from
attacks of angins pectoris at rest before the assays were
performed. In case 75., there was electrocardiographic
evidence of antero-sepbtal myocardial ischaemia. Signs of
heart fallure were present in the remaining 6 cases and the
results In these csses were discussed in the preceding section.
These results suggest thet normal serum trunsaminase activity
is present in patients suffering from ischasemic heart disease
if there has been no recent acute myocardial Infarcticn or
attack of angina pectoris at rest.

5) Essentlial Hypertension.

Serum transaminase activity was demonstrated to be normal
on repeated examingtion in four patients in whom essentlal
hypertemnsion was found. (cases 64, 7u, 98, 131). The diastolic
blood pressure in these cases was above 1lu mm.Hge There was
no clinical or electrocardiogrsphic evidence of acute myocardlal
infarctiomn. The results of examinations im cases 64 amd 70
have already been discussed in sections 1 and 2 while those
in cases 98 and 131 are presented in section 8., since there
was evidence ,in both cases, of acute cerebrovascular disease.
The resul s of serum transaminase assay in hypertension suggest
that this condition 1s associated with normal serum
transaminase activity,

4) Chromic Cor Pulmonale.

Serum transamimase assays wer: performed in 4 cases of
chronic cor pulmonazle in which there was mo clinlcal or
electrocardiographic evidence of acute myocardial infsrction.
(cases 63, 101, 102, 128). Congestive cardiac failure
was presemnt in cases 63 and 128 and marked bronchospasm in
cases 101 amd 10Z2. An electrocardiogram was not performed
in case 63. [Electrocardiographic patterns of right
ventricular strain were present in cases 101 and 128, In
Case 1u2., electrocardiographic changes dlagnostlc of acute
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/acute coromary insufficiency :nd lateral myocardial
infarction of indeterminste age were observecd. Serum
transaminase activity was normal on repeated examination in
these cases during the acute phuse of the illness which
sugge sts that cardiac disease of this origin and severe
bronchospasm are associzted with normal serum btrasnsaminase
activity,.

5) Acute Rheums tic Fever.

Serum transaminase activity wss normal on repscated
examination during the wcute phase of 2 cases of acute
rheumatic fever and in the first days of aspirin therapy
of the disease. (Cases 85 and 86). There was mo clinical
or ele ctrocardiographic evidence of scute myocardial infarct-
ion or of pericarditis, the electrocardiogram showing no
significant abnormality.

6) Chronic Rheumatic valvular Lisease of the heart.

Valvular disease of the heart wss present in 2 cases
of scute myocardial infarction (Cases 17, and 21). In Case
17., the lesion present was aortic incompe tence of luetic
origin and in Case 21., mitral stenosis of rheumatic origin
and auricular fibrillation. Therefore, in 8 cases of rheumstic
heart disease in which there was no clinical or electrocardio-
graphic evidence of acute myocardial infarctlon, serum
trepsaminase assays were performed to ensure that the rise in
. serum transaminase in cases 17 and 21 was not dwe to the
valvular le sions present.(Cases 60, 66,87,88,89,90,129,130).
The opportunity of performing serum transaminsse assays in
cases of syphilitic disease of the aorta amd its valve,
uncomplicated by acute myocardial infarction, did not arise.
In 5 out of these 8 cases, no rise in serum transaminase
activity was detected. (Cases 6u, 66, 87, 129, 130).Rheumatic
disease had affected the zsortic valves in cases 60 and 66.,
the mitral valve in cacses 87 and 129 and both of these valves
in case 130. suricular fibrillation, in which the heart rate
at the apex was not more than 100 beats/mimn., Wus noted in
cases 66, 87 and 130 and,in case 130., embolism of the renal
artery had occurred before serum transsminase assays hzad been
performd. These results suggested thet rhéumatic heart
disease is associasted with normal serum transaminase activity
in the presence of aurlcular fibrillatiom of slow rate and
systemic arterisl embolism. However, increased serum
trans aminase activity was found in the 3 remsining cases of
rheumatic heart disease.(Cuses 88,89,90). In cases 88 and
90., rapid auriculsr fibrillatiom was present and in case 89.,
systemic arterisl embolism had occurred. <Yhese findings led
to the investigatiom of the effect of cardlac arrhythmlas and

: eslons on serum btrunsamingse activity and the
gehrsgrflgg-eogb%%g }ane%tigation are presented in sectioms 10 & 12
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7) Uraemic Pericarditis.

In case 94., pericarditis due to uraemia was
mistaken for acute myocardial infarction before the patient's
admlission to hospital.

Biochemlical examination reveuzled hyperkalaemia and
uraemia and the electrocardiogrem was grossly sbnormal,
showing changes diagnostic of hyperkalaemia and pericsrditis.
Serum transaminase activity was normal on repcated examinat-
ion in this case.

8) Cerebral Infsrction.

It has already been shown that acute myocardial
infarction may present with signs of cerebral thrombosis.
(Cases 10 and 22). 1In both of these cases, high levels of
serum transaminase activity were found. It was, therefore,
decided to investigate the effect of cerebral thrombosis and
infarction, not assoclated with a cute myocardial infarction,
on serum transaeminase activity, and four such cases were
studied. (Cases 95, 98,110,131). 1In cases 95 and 98.,
cerebral infarction was due to cerebral embolism. In case 95.,
the site of origin of the embolus was presumed to be mural
thrombus 1n the left ventricle of the heart since there had
been clinical and electrocardiographic evidence of recent,
extensive anterior myocardial infarction 14 days before the
development of the acute cerebro-~vascular accident. In case
98., the diagnosis on the patient'!s admission to hospital was
one of cerebral thrombosls In association with essentlal
hypertension, occurring in a patlent who had previously sus-
tained a myocardial infarction, since serial electrocardio-
grams showed changes diagnostic 6f left ventricular hyper-
trophy and strain and of an old antero-septal myocardial
infarction. Post mortem examination, however, revealed that
enbolism of cerebral arteries had been the cause of the
extensive cerebro-vascular lesion. The embolus was presumed
to have arisen from mural thrombus at the site of a healed
myocardial infarction. There was no evidence of recent acute
myocardial infarction at autopsy. In cases 110 and 13l., the
diagnosis of cerebral thrombosis was made on clinical grounds.
In case 110., the electrocardiogram showed no significant
abnormality and in case 131l., the electrocardiographic changes
were indicative of left ventricular strain without evidence of
myocardial infarction. In each of these 4 cases, serum
transaminase activity was normal when repeatedly examined
following the onset of the cerebro-vascular accident.

9) Acute Pulmonary Infarction.

It may be very difficult to differentiate between
acute myocardial infarction and acute pulmonary embolism qith
infarction on clinical or electrocardiographic grounds and 1%
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/it seemed important to establish whether or ot acute
pulmonary infarction results in increased serum transaminase
activity since, if normal serum transaminase activity was
Invariably found following acute pulmonary inf:srction, then
serum transaminase assay might be of very great value in
differentiating between the two conditions. Ther«fore, serum
transaminase activity was measured in 6 cases of acute
pulmongry infarction in which there was no electirocardiographlc
or autopsy evidence of acute myocardisl infarction. (Cases 76,
80,81,82,83,108.) In case 76., pulmonary infarction was
probably due to locsl pulmonary vessel thromboslis. in the
remaining 5 cases acute pulmonary infarction wzs due to
pulmonary artery embolism.

In 2 out of these 6 cases, normal levels of serum
transaminase activity were found following the onset of the
iliness. (Cases 83, 108). In case 83., phlebothronbosis of
the deep velns of the calf muscles of the left leg was present
and this le sion wzs the site of origin of the pulmonary
embolus. The electrocardiogram showed no significant
abnormality. The patient suffered from rheumatic heart
disease, aortic incompetence being the dominant lesion, but
there was no evidence of heart failure or cardiac arrhythmia.
In case 108., the pulmonary embolus probably originated from
the right auricular appendage, there being no evidence of
another source of embolus, The patlient suffered from
ischaemic heart disease. The electrocardiogram showed changes
diagnostic of acute coronary insufficiency, auricular
fibrillation ard digitalis effect but there was no evidence of
acute myocardial infarction. It should be noted that
digitalis therapy before the onset of acute pulmonary
infarction, had resulted in good control of the auricular
fibrillation, (apex rate approximately 90/min.)

In 2 of these 6 cases, borderline levels of serum
transaminase activity were detected following the onset of
acute pulmonary infarction. (Cases 80, 81). In case 80.,
gserum btransaminase activity was increased to borderline levels
24 hours after the onset of acute pulmonary infarction. Rapid
auricular fibrillation (apex rate 170-180 beats/min.) was
present when serial transaminase assays were performed. There
was no electrocardiographic evidence of acute myocardlal
infarction, the changes in the electrocardiogram being
diagnostic of auricular fibrillation and suggestive of chronic
coronary artery disease. The clinical dlagnosis of acute
pulmonary embolism with infarction and ischaemlc heart disease
was confirmed at post mortem examination, the pulmonary embolus
having arisen from thrombus in the right auricular appendage.
Atherosclerosis of the coronary arteries with myocardial
fibrosis was found at autopsy but there was no evidence of
acute myocardial infarction. The patient suffered repeated
embolism of systemic arteries during the period of observation
and the results of serum transaminase assay following these



FIGURE IV.
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/these incidents are presented in section 10. In case 8l.,
borderline levels of serum transaminase activity were found
41 and 55 hours following the onset of acute pulmonary
embolism with infarction. Mitral stenosis of rheumatic
origin and auricular fibrillation were present and the
embolus probably arose from thrombus in the right auricular
appendage. There was no electrocardiographic evidence of
acute myocardial infarction but the electrocardiogram
confirmed the diagnosis of rapid auricular fibrillation,
the heart rate being 170-180/min., and revealed changes of
partial right bundle branch block or right ventricular strain.
In 2 out of the 6 attacks, high levels of serum
transaminase activity were demonstrated following the onset of
acute pulmonary infarction. (Cases 82, 76). 1In case 82.,
~high levels of serum transaminase activity were detected on
the fifth day following the onset of acute pulmonary embolism
with Infarction. (cf.Figure IV). The embolus originated
from phlebothrombosis of the deep veins of the leg. The
patient suffered from ischaemlic heart disease, essentlal
hypertension and congestive cardiac fallure. There was no
clinical or electrocardiographic evidence of arrhythmia or
acute myocardial infarction. The electrocardiogram was
diagnostic of left ventricular strain and also showed changes
suggestive of right ventricular enlargement on serial
examination. In case 76., serum transaminase activity rose
to high levels 8 hours after the onset of symptoms very
suggestive of left ventricular failure and the presence of
an acute myocardial infarction was strongly suspected, since
the electrocardiograms showed that changes of acute coronary
insufficiency noted 3 days before the onset of acute symptoms
had become more obvious and prolongation of the P-R interval
had developed. The clinical diagnosis of left ventricular
and congestive cardiac fallure, aortic valve disease and
ischaemic heart disease we=s made. At autopsy, however, there
was no evidence of acute myocardlal infarction on macro-
scoplc or histological examination of the myocardium although
the myocardium showed patchy areas of ischaemlic fibrosis.
(Plate I, Appendix IV). The clinical diagnosis of aortic
valve and ischaemic heart disease was confirmed. However, an
alveolar cell carcinoma of the lung, which had been unsuspect-
ted during 1life, was discovered. It was situated at the
periphery of the lung. Histological examination of the lung
revealed not only the appearance of carcinoms but also small
areas of pulmonary infarction In close relationshlip to the
tumour. (Plate II, Appendix IV)., There was no evidence of
centrilobular necroslis of the liver on histological
examination, although the changes of severe chronlc venous
congestion of the liver were present. (Plate III, Appendix IV).
Therefore, out of 6 cases of zcute pulmonary infarction,
normal serum tPansaminsse activity was demonstrated in 2
cases, borderline levels of activity in 2 cases in which
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/which rapid auricular fibrillation was present and high
levels of activity in 2 cases.

10). Thrombo-embolic conditions other than Acute
Pulmonary Infarction.

Thrombo-embolic conditions other than acute pulmonary
infarction may arise during the course of acute myocardial
infarction and,therefore, serum transaminase assays were
performed in such lesions occurring in the absence of acute
myocardial infarction. It has been shown that phlebo-
thrombosis of the deep veins of the lower limbs may be
assoclated with normal serum transaminase activity (Case 83).
In case 116., thrombosis of the inferior vena cava, the
common iliac, internal and external iliac veins was present
when serum transcminase activity was normal. The cuuse of
this extensive phlebothromboslis was an adenocarcinoma of the
pelvic colon found at post mortem examinstion. The electro-
cardliogram showed changes diagnostic of antero=septal
myocardlal lschaemia but there was no evidence of myocardial
infarction. Post mortem examination confirmed that acute
myocardial infarction had not occurred.

In case 130., serum transaminase activity was normal
on repeated examination 12 and 36 hours following the onset of
enbolism of the renal artery with infarction of the kidney.
This case has already been described in section 6. In case
75., serum transaminase activity was normal 48 and 72 hours :
following the onset of gangrene of the foot, due to
peripheral arterial thromboslis. The patient suffered from
ischaemic heart disease and the electrocardiographic findings
have glready been presented 1n section 2.

In case 80., serum transaminase activity was demonstrated
to be at borderline levels of activity 7 days after the onset
of saddle embolism of the aorta. When serum transaminase
assays were performed, the patient had derived benefit from
digitalis therapy, (the rate of auricular fibrillation being
90~110/min. ). The electrocardiographic and post mortem
findings in this case have already been presented in section 9.

In case 89., serum transaminase activity reached high
levels 12 hours after the onset of embolism of the left
middle cerebral, left brachial and left renal arteries. At
autopsy, mitral stenosis of rheumatic origin was found and
in the left atrium there was a pedunculated ball thrombus
which had been the source of the emboli. There was no
evidence of acute myocardial infarction. Auvriculsr
fibrillation and congestive cardlac fallure were present when
high levels of serum transaminase activity were detected but
it should be noted that the rate of auricular fibrillation
was not unduly rapid. (heart rate at apex, 90-100 beats/min.)

Thercfore, normal serum transaminase activity was
found in 4 out of 6 cases of thrombo-embolic disease.




FIGURE V.

.(Units/ml.)

SERUM TRANSAMINASE ACTIVITY

SERUM TRANSAMINASE ACTIVITY APTER THE CMSET OF
DISSECTING ANEURYSM OF AORTA. (Case T8).

600

]
i

Death of Patient

!

) 24 48 12 96
Houre After the Onset of Ches? Pain.

52.



53,

Borderline levels of serum transaminase activity were found
in one case and high levels in the remaining case in which
multiple emboll had occurred.

11) Dissecting Aneurysm of the Aorta.

Serum transaminase assays were performed in 2 cases
of dissecting aneurysm of the aorta. (Cases 78 and 79). In
case 78., high levels of serum transaminase activity were
demonstrated 17 and 36 hours after the onset of the illness.
(cf. Figure V). The history and clinical findings were very
suggestive of acute myocardial infarction. The electrocardio-
gram showed changes diagnostic of left ventricular strain,
although posterior myocardial infurction could not be finally
excluded. This divergence between the history and clinical
findings and the electrocardiographic changes observed led
to the decision to avold therapy with anticoagulant drugs,
although the dilagnosis of dissecting aneurysm of the aorta
was not suspected until a few hours before the death of the
patient when haematemesis occurred. Post mortem examination
revealed rupture of a dissecting aneurysm of the first part
of the aorta and haemopericardium which had given rise to
cardiac tamponade. Severe calcifying atherosclerosis of
the aorta and coronary arterlies was present but there was no
evidence of acute myocardial infarction on macroscopic
or microscopic examination of the heart, although ischaemle
fibrosis of the chordae tendiniae was noted. However,
histological examination of the liver revealed the presence
of marked centrilobular necrosis. (Plate IV, Appendix IV).

In case 79., the history and clinical findings were very
suggestive of acute myocardial infarction but the electro-
cardiogram, on serial examination, showed no evidence of
acute myocardial infarction although electrocardiographic
changes indicative of acute coronary insufficiency and
digitalis effect were present, 5 days after the patient's
admission to hospital, the tentative clinical diagnosis of
dissecting aneurysm of the aorta was made. Post mortem
examination 12 days after the onset of the illness confirmed
this dlagnosis. Haemopericardium was present, There was
evidence of a very recent posterior myocardial infarction
which was estimated to be of 24 - 48 hours'! duration. High
levels of serum transaminase activity were demonstrated for
5 days following the onset of dissecting aneurysm of the
aorta. Serum transaminase activity fell to normal levels
on the 6th day after the onset of the illness. The recent
acute posterior myocardial infarction discovered at autopsy
was considered to be a terminal event in this case and to be
unrelated to the high levels of serum transaminase activity
demonstrated. An attack of auricular fibrillation (heart
rate at the apex 120-130 beats/min.) was observed, when high
levels of serum transaminase activity were found.
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Unfortunately, the liver was not examined histologically

. in this case and so the presence of centrilobular necrosis
- of the liver was not excluded. Therefore, high levels of
serum transaminase activity may be associated with
dissecting aneurysm of the sorta.

12) Supraventricular Tachycardia and Auricular
Fibrillation.

4 attascks of paroxysmal supraventricular tachy-
cardia were observed in 3 cases of acute myocardial infarct-
ion. (Cases 11, 25, 34). In case 34,, rapid supra-
ventricular tachycardia (rate 140 beats/min.) was present
when high levels of serum transaminase activity were found.

. In case 11., serum transaminase activity had returned to
normal levels following acute myocardial infarction, but
rose again to borderline levels following an attack of
supraventricular tachycardia, although there was no clinical
evidence of a fresh myocardial infarction. In case 25., 2
attacks of supraventricular tachycardia were observed.
(Attacks 25g, 25h.) In attack 25g., supraventricular
tachycardia (rate 160 beats/min.) lasted for 16 hours and
wag associated with angina pectoris at rest. There was no
clinical or electrocardiographic evidence of fresh myocardial
infarction, but serum transaminase activity rose to high
levels following the onset of the arrhythmla,. The suspicion
that supraventricular tachycardia may have eaused the
increase in serum transaminase activity in attack 25g. was
strengthened when, in gttack 25h., serum transaminase
activity rose to borderline levels 30 hours after the onset
of rapid supraventricular tachycardia. Again, there was
no electrocardiographic evidence of fresh myocardial
infarction.

Auricular fibrillation was present 1in 3 cases of acute
myocardial infarction., (Cases 11, 21, 35). In case 21., the
arrhythmia had been present for many years and the heart
rate was controlled by digitalis therapy, being 80-90 Beats/
min, Following acute myocardial infarction, serum
transaminagse activity rose to high levels in this case but
fell to normal levels although the abnormal rhythm continued.
In case 35., auricular fibrillation (rate 130-140 beats/min.)
developed as a complication of acute myocardial infarction
and was present when high levels of serum transaminase
activity were demonstrated following the infarction. It was
impossible to decide whether the increase 1ln serum
trensaminase activity was due to acute myocardial infarction
or to rapld cardiac arrhythmia. In case 1ll.,paroxysmal
auricular fibrillation, (rate 120-130 beats/min.) accompanied
by angina pectoris at rest was diagnosed on clinlcal grounds.
This attack of fibrillation lasted for 1z hours but normal
gerum transaminase activity was demonstrated following 1t.
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these findings suggested that the effect of rapid cardiac
arrhythmia on serum transaminase activity was worthy of
further study in conditions other than acute myocardial
infarection. Therefore, serum transaminase assays were
performed in 10 cases of auricular fibrillation, in which
there was no clinical or electrocardiographic evidence of
acute myocardial infarction. (Cases 66, 80, 81,87, 88, 89,90,
108, 117, 130).

In 5 out of these 10 attacks, normal serum transaminase
activity was demonstrated. (Cases 66, 87, 108,117, 130).
The arrhythmia was associated with chronic rheumatic
valvular disease of the heart in 2 cases (Cases 66 and 87),
and with thyrotoxicosis and congestive cardiac failure in case
- 1174 - In case 108.,, lschaemic heart disease was the under-
lying lesion and acute pulmonary infarction had occurred. In
case 130., chronic rheumatic valvular disease of the heart
and acute renal infarction had occurred. In this small group
of cases, the rate of auriculer fibrillation varied from
80-100 beats/min, These results show that slow auricular
fibrillation (rate 80-100 beats/min.) is compatible with
normal serum transaminase activity.

However, in 5 out of 10 cases of auricular fibrillation,
increased serum transaminase activity was found. (Cases 80,
81, 88, 89, 90). 1In 2 out of these 5 attacks, high levels
of serum transaminase activity were found. (Cases 88 and 90).
In case 90., the highest levels of serum transaminase activity
detected in this study were demonstrated. (cf. Figure VI).
These very high levels of serum transaminase activity (1,400
units/ml.) were found 7 days after the onset of congestive
cardiac fallure and auricular fibrillation due to mitral

' stenosis and incompetence of rheumatic origin and they fell

gradually to normal during the succeeding 8 days. When

these very high levels of activity were found the heart rate
was approximately 190/min., and severe congestive cardisac
failure was present. As the auricular fibrillation and
congestive cardiac faillure were controlled by digitalis
therapy, serum transaminase activity fell to normal levels.
High levels of serum bilirubin were present, although jaundice
was absent, suggesting hepatic dysfunction when high levels

of serum transaminase activity were noted, but serum bilirubin
levels did not fall to normal coincldentally with serum
transaminase activity. The electrocardiogram showed changes
diagnostic of auricular fibrillation and suggestive of acute
coronary insufficiency or left ventricular straln, but

there was no evidence of acute myocardial infarction on
serial examination.

In case 88., high levels of serum transaminase activity
were demonstrated from the 6th to the 12th day following
the onset of severe congestive cardiac fallure and rapid
cardiac arrhythmia due to varying supraventricular tachycardia
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/tachycardia and euricular fibrillation. There was no
electrocardiographic evidence of acute myocardial infarction
on repeated examination of the electrocardiogram. When high
levels of serum transaminase activity were found, the heart
rate was more than 160 beats/min., and, as the heart rate
slowed with treatment, serum transaminase activity fell
towards normal levels., High levels of activity were present
for 6 days but 1t was noted that there was no secondary rise
in activity following short attacks of ventricular tachycardia.
Convineing evidence of hepatic damage was found on serial
examination of liver function although jaundice was absent.
There was, however, no close correlation between the degree

of liver dysfuncticn,as revesled by the tests employed,and

- the level of serum transaminase zctivity. Post mortem
.examination confirmed the presence of congestive cardiac
failure, mitral stenosis and chronic bronchitis and emphysema.
There was no evidence of acute myocardial or other infarction,
or of gallbladder or pancreatic disease. Histological
examination of the liver revealed the changes of centrilobular
necrosis of the liver. (Plate V, Appendix IV). It should be
noted that the time of onset of csrdisc arrhythmia in cases

88 and 90 could not be accurately determined. t“he time of
onset of symptoms of cardiac fallure was taken as the

probable time of onset of the arrhythmia. This arbitrary
method of deciding the time of onset led to the conclusion
that high levels of serum transaminase activity probably
persisted for a longer time following auricular fibrillation
and congestive cardiac failure than followlng acute myocardial
infarction. FOr example, in case 90., high levels of serum
transaminase activity were demonstrated 14 days and, in case
88., 12 days after the probable time of onset of rapid

cardiac arrhythmis and congestive cardiac failure.

In 3 out of the 5 attacks, in which increased serum
transaminase activity was demonstrated, serum transaminase
activity rose to borderline levels (Cases 80, 81, 89). In
cagse 8l., acute pulmonary infarction and rapid auricular
fibrillation (rate 170-180 beats/min.)were present when
borderline levels of serum transaminase activity were found.
Digitalis therapy was started on the patient'!s admlsslon to
hospital and resulted in less raplid rates of auricular
fibrillation within 24 hours. Since serum transaminase
activityhas been shown to rise to high levels 1n cases of rapid
cardiac arrhythmia, (cases 88, 90), it is possible that the
borderline levels of serum transaminase activity resulted from
rapid auricular fibrillation of about 2 days' duration rather
than from acute pulmonary infarction, The electrocardiographic
findings in this case have been presented in section 9.

In cases 80 and 89.,thrombo-embolic lesions and auricular
fibrillation were present. In both cases, therate of
auricular fibrillation was approximately 100 beats/min., as
in the cases of auricular fibrillation in which normal serum
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/serum transaminase activity was found. This suggests
that the borderline rise in serum transaminase activity in
these two cases was more likely to be the result of thrombo-
embolic damage than of cardiac arrhythmia. The findings
in these cases have already been presented in section 10.
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THE RESULTS OF SERUM TRANSAMINASE ASSAY, BLECTRO-
CARDIOGRAFPHIC EXAMINATION, POST MORTuM EXAMINATION
D LIVER FUNCTION TESTS IN DISEASES OUTWITH THE

CARDIO-VASCULAR SYSTi=M.

The results,in detaill, of serum transaminase assays,
electrocardiographic examination, post mortem examination and
of liver function tests in the diseases considered below are
included in Appendix II.

1) Diseases of the Alimentary Tract.

a) Peptic Ulcer.

_ 7 out of 57 patients, suffering from acute myocardial
infarction had had symptoms suggsstive of peptic ulceration.
(Cases 12, 13, 15, 35, 39, 50, 71). 1In 3 of these 7 patients
the clinical diagnosis of peptic ulceration had been confirmed
on radiological examination of the stomach and duodenum. (Cases
12, 15, 35). In case 15., the combined operation of gastro-
enterostomy and vagotomy had been performed. In case T71.,
perforation of a duodenal ulcer had occurred and had been
repaired surgically. In 2 patlents, there was a history of
haematemesis (cases 13 and 39). In case 13., radiological
investigation of the stomach and ducdenum had revealed no
abnormality. The results of such examination in case 39 were
not known. In case 50., symptoms suggestive of a peptic ulcer
had been present intermittently for 20 years, and acute dyspep-
sia snd haematemesis were present shortly after the patient's
admlssion to hospital and anticoagulant therapy was stopped
because of this. The results suggest that evidence of peptic
ulceration is not uncommonly found in patients suffering from
acute myocardial infarction, and so it was decided to study the
effect of peptic ulceration on serum transaminase activity in
cases in which there waa no evidence of acute myocardial
infarction especially in those cases in which perforation of a
peptic ulcer had occurred. Therefore, In 6 cases of peptic
ulcer, serum transaminase assays were performed. (Cases 91, 92,
93, 103, 104, 105).

In csse 105., serum transaminase activity was normal when
severe symptoms of acute dyspepsia due to duodenal ulcer were
present. Acute myocardial infarction was suspected at this
time but serisl electrocardiograms showed no evidence of acute
myocardial infarction and radiological examination confirmed the
presence of a duodenal ulcer. Normal serum transaminase
activity was present in the remaining & cases in which
perforation of = peptic ulcer had occurred. In 3 of these 5
cases, serum transaminase activity was measured before the
operation of laparotomy was performed, (Cases 91, 92, 103),
and the diagnosis of perforated peptic ulcer was confirmed at
operation in each of these cases. Serum transaminase assay
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/assay was performed 4 hours, 6 hours and 7% hours after the
onset of symptoms in case 1lu3., case 92 and case 91
respectively. In cases 93 and 104., the patients! admission
to hospital had been unduly delayed and operative trestment
was contra-indicated. Serum trensamlnase assay was performed
with normal results 24 hours after the onset of symptoms in
case 93, and 48 hours after the onset of symptoms in case 1lu4.
Acw e myocardlal infarction was not suspected in any of these
5 cases of perforated peptic ulcer and electrocardiograms were
not examined. A post mortem examination was performed in
case 104. The diagnosis of perforated stomsl ulcer was
confirmed and low-grade generalised peritonitis was present.
An annuler carcinoma of the transverse colon was also found.
There was, however, no evidence at autopsy of acute myocardial
-infarction. Ther«fore, in 6 cases of peptic ulcer in which
acute myocardial infarction was not suspected, there was no
evidence of increased serum transaminase activity.

b) Hiatus Hernia.

Normal serum transaminase activity was found on repeated
examination in 2 cases in which there was radiological
evidence of hiatus hernia. (Cases 30 and 75). In both cases
the hiatal lesion was an incidental finding. In case 75.,
ischaemic heart disease in association with diabetes mellltus
were the source of disability while, in case 30., attacks of
angina pectoris at rest had determined the patient's admission
to hospital. However, in case 3D., there geemed to be a
relationship between attacks of angina pectoris at rest,
accompanied by the electrocardiographic changes of myocardial
ischaemia, and changes in the size and position of the hiatus
hernia. When the hernia was large and situéted behind the
heart attacks of angina pectoris and the electrocardiographic
patterns of myocardial ischaemia were observed. When the
hernis was reduced in sigze, the electrocardiographic changes
of myocardial ischaemia were no longer apparent and no attacks
of angina pectoris occurred. There was no doubt that severe
atherosclerosis of the coponary arteries was present in this
case and these observations suggest that the changes in
position of the heart, caused by the varying size and
position of the hernia, had induced attacks of myocardial

lschasmiaa

¢c) S8teatorrhoea.

Serum transaminase activity was normal in 2 cases in
which steatorrhoea had been shown to be present by fat
balance studies.(Cases 112 and 135). In case 112., steatorr-
hoea had followed partlal pancreatectomy for carcinoma of
the ampulla of Vater, In case 135., steatorrhoea had been
present for many years when hyperparathyroidism had developed,

which had been cured by parathyroldectomy. When serum






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































