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Precordial Mapping of ST—T Segment in

Acute Myocardial
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A guantitotive  estimation of ST-T segment
dfeviation from multiple precordial ECG feads is a
fairly sunsitive fndex of the geographic extent of
aryovardial {schacmia,

Precordial ST-T segment mapping Wwas done
with 72 eflectrode positions in 20 patients admittad
with acute myacardial infarction lo & coronary care
unit. Mapping was also done on 5 normal subjecis as
controfs.  The results showved & good corralation wilh
similtaneais. cfinicel and enzymatic evalualion of the
severily (extent) of myocardial ischaemis. and its
dufation fn  acute anterfor myecirdial infarction.
fe faifed to reveal inferior wall as well as subendo-
eardial infaretion,

ST-T mapping is & good bedside guide for a
clinician and retains its popularily because of s
fow-cost, non-fnvasive apgroach and standsed rufes of
interpretation.

el HE clevation of the ST-T segmenl of the

electrocardiogram (ECG) has been recognised for
many years as one of the classical and earliest signs
af acute myocardial ischaemia. Electrophysiological

studies have proved that ischaemia following
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coronary artery occlusion leads to an acceleration
of repolarisation  with  loss of resting membrans
potential. This results in ST segmant elavation in
the surfses ECG *, ''. Maroko and his associates '*
have shown that there is a significant epicardial ST
segmant slavation 15 minutes after experimental
coranary artery occlusion in dogs. Attempts are being
made by various workers all over the world for quan-
tification of precordial 5T sagment selavation by a
simple non-traurmatic technigue in patients which
might prove of wvalue in the assessment of size
ond soverity of the initial ischaemic myocardial
damage 4%Y.  Sesrial measuraments are heing used
to evaluate subseguent progress ! or to test the
effectiveness of drugs in altering the extent of
Ischaemic injury ».

The present study was undertaken to investi-
gate the wvalue of ST-T segment elevation as a clini-

cal guide 1o the size of infarct In patients ina coro-
nary care unit.  The main aim was to study :

a) the corralation batwean tha extent of ST-T
segment slevation and the clinical indices of
severily of myocardial infarction,

b} the time course of ST-T segment changaes,

and

c) the relation betwean ST-T ssgment slsvation
and infarct size estimatad by ssrum snzyme

lavals.




Eig. 1—Position and distribution of the racarding Flp 2—Criteria used for ST senmaen alavatian.

pointe on thi suiface af the chest,

Fip 3, —72 points grid for 3T mapping.
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Material and Methods

Studles were made on 20 patiants {19 male and
1 fermale} aged between 31 and 57 years admitted with
fresh myocardial Infarction to the coronary care unit
of Command Hospital, Air Force, Bangalore. betwesn
January 1878 and July 1878 Ablogether, 98 pre-
cordial ST-T maps. each with 72 Iead positions, were
mcordad.  The diagnosis was based on the clinical
fuatures, the results of daily serum aspartate amino-
transferase level and standard 12 lead ECG.  Patisnts
with right and left bundle branch block and infarc-
tion other than anterior or anterclateral were ox-
cluded from this study. Thus of the 20 patients, 2
cases who developed infarior wall infarction socn after
and another 2 cases who developed evidence of
bundle branch bBlock were excluded. ~Therefore. the
actual study group consisted of 16 patiants anly.

The precordial maps were recorded  within
A—6 hours after admission, subsequently each day
(l. 8., at 24 hourly intervalg) for the next 4 days, then
on 10th day and subsequently, at weekly intervals as
lung as the patient was in the hospital. We were
able to take records in 3 cases after § weeks slck
laave. For computing the age of infarction, the day
of admission 1o the hospital was taken as "'Day 17

ST.-T maps were also recorded in & narmal
subjacts whe did not have any relevant past or
present history of myocardial ischaemia or electro-
cardiographic evidence of any heart disease. Thess
subjects were used as contrels to find out the normal
variability of ST-T segment. In this control group
72 point mapping was done on 3 consscutive days
only.

Technigue of precordial ST-T segment mapping

Single channel direct writing ECG machinas,
Cardioline and BPRL Cardiart (108T). were used for
all the records. |t was ensured that all the records
ware taken with the same machine for the individual
patient. The chest electrode used was metal suction
type, with a diameter of 2.0 cmi. In order 1o avoid spread
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of potentials, the slectrode jselly was applied over a
small area only and the elactrods was carefully placed.
All recordings were done on astandard ECG paper
running at 25 mm per sec, and with standardisation
cf 10mm = 1 mv. The electrode was altached to
the chest lead outlet. Recordings were made with
the patients in supine posilion. Seventy two
electrode positions were marked on the anterior
chast wall, after shaving off the hair (Fig. 1), An
indelible felt-pan was used for marking these points
which were retouched daily to ensure accurate
placement of the recording electrode Tor subsequent
mapping. Once the chest points were marked,
approximately  40-45  minutes  were  raquired for
racording each 72 lead ST-T mapping slectrocardio-
gram. For comparison, standard 12 |lead ECGs wers
also taken simultaneously during each mapping. Tha
results of various maps were analysed by the same
obsarver, therabiy eliminating absarvar arror,

Criteria used for ST-T segment measuramants

These have been described by Reid &f af *, Thae
ST-T ssgment deviations wese measurad using the
TP segment as the isoelectric ling, or the PO segment
when the TP segmeant was difficult to locate. The
ST-T segment daviation was maasured in mm to the
nearest 0.5 mm at 0.086 sec, after the nadir of the 'S
wave (Fig. 2) but excluding those with clevation of
less than 2 mm .

The 8T T segment deviations so obtained were
then recorded on a standard diagram on which 72
points were represented at equal intervals (Fig.3).
Isopotential lines were drawn on the diagram to
pbtain & “Contour’” map by joining points of equal
magnitude and by interpolation when this was nece-
gsary. The surface maps produced in this way
showed the area of maximum ST-T segment elava-
tion and the araa over which there was 5T-T seg-
ment elevation or depression.

The QRS duration was checked in all the cases,
since delaved intraventricular conduction caused by
complete ar partial bundle branch block can obscure
ischasmic ST alavation '. In this study of 16 cases,
no patient showed abnormal prolongation of QRS,




The dailly sum of ST segment, i.e., T ST was TABLE — |

worked out for each pztient by analysing all the 72

points tecorded daily.
Sarpm ehzyme siudies

Daily evaluations of serum aspartate aminotra

nsterase levels were dene for first 4 days of admission
and subsequently thess anzymae levels were measured

as and whan ECG mepping for ST segment was done
The serum enzyme ostimation was done by
standard technique used in our hospital laboratory

Clindcal date recording

Each patient’s past history, presenting features,
physical examinaticn findings. ECG and chest X-Ray
were racorded on admission Haemodynamic com-
plications and anhyilmias racorded
daily,

it any. wers

Results
Control group

The saverage age of thsse wvolunteers
39.4 years, the range being 20-70 years.

was

No significant ST segmemt elevation was
Chserved in these individuals, The maximum ST
segment change was 1.5 mm which is not considered
to be of any significance by any of the authorities
with experience in this fisld,

The sum of ST segment, i.e.. ¥ ST in these
subjacts was 26.1 + 3.1 mm. and the maximum
variation in the daily £ ST over the courss of 3 days
was 5.1 4 2.5 mm within the same subjact.

Patients with acute myoeardis! infarction

Table | shows the total number of male and
female patients with their average -ages. These
patients had either transmural {2 cases) or non-trans-
mural {7 cases) anterior myocardial infarction. None

of these patients had any past history of ischaemic
disease,

4

the

Sex and avarage age of patients with frash
amtermr myoecardial infaretion (n = 16)

—_—

Transmural Infarction Non-transmural infarct

Sex No. af  Average Mer, of A Orag
palisnts age (yrs! palivnts age Ay
Male 8 46.2 i 42.6
Femala 1 52.0 - =
Total g 4.1 ¥j 42.6

Table Il shows the time taken by the patients
get admitted to Intensive coranary care unit (ICC
after the onset of symptoms which varied from che
pain to breathing difficulty with profuse swesti
and sinking sensation in the epigastrium,

TABLE Il
Feme of adunssion ta hospital after the onsst |
symptems (n = 16)
Time (hours) Number of
patiznts
0-4 4
4 -8 7
12 - 24 L]

Distinctive 5T maps were obtained in all th
cases of antérior myocardial infarction. |10 all cases:
thers was an area of maximum ST seoment gleva
tion, surrounded by an area of lesser ST segmer
elavation. The maximum height of the ST segmen
slevation varied fream 2mm to 10mm in differen
patiants on different days. Daily subsequent map
showed aither an area of resolution or extension o
infarct size.

The maps of 2 cases have besan shown |n Figs
4 1o B to show an extension of infarction [Cass
No.2) and resolution of infarction (case No.9) or
different days.
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| = CoseNo 7 Showlng regrassion of the infarct on doy &°

Fig. 12 — Case Ma2- Ahowing poersistence of 5T elavation uwe
after 12 wovks,  |compare with Figs, 4 and 43

11—Cude Ma ¥:  Showing tresh @stension cf the Infarel on -day 10




In 2 cases. initial maps showed resolution

ol infarction but subsequently. in both these cases
' patients developed fresh chest pain on the 10th day

(cass No.7) snd 9th day (case No.14), and ST maps
showad distinctly an extension of infarction by fresh
5T =agment elevation at wvarious points (Figs.

Sto 11),

Except for 3 cases (casa No. 2.7 and 8}, ele-
vated ST segments cama down to normal limits within
3 weeks. In cose No.2, 8T segmant remamned eleviated

pven aller B weeks of convalescence, ie., alter a

total of 12 weeks (4 wesks hospitalisation plus 8
| wooks sick leave) (Fig. 12),

Tablo 11l shows the sum of ST segment (ZST)
in mm Tor esch individual mapped day for all the

' 1B patients of myocardial infarction.

TABLE - I

Showing dafly X 8T (in mm) of gach patient

Case Day Day Day Day Day Day Day
No. 1 2 3 4 10 17 24
Transmural Intarction
1. 66.5 8656 5Z56 3b0 335 375 285
2. 116.6 156.0 160.5 1005 920 845 225
3% 956 BR.0 63.0 B30 58535 408 —
4, 745 68.0 B4S5 00 B30 450 405
5., BY.O 5265 390 2840 225 205 -
6. 1005 645 665 B25 400 305 305
7. E89.0125.0 96.0 57.0 1005 865 400
g% 325 315 465 400 — — _
9. 126.0 820 805 805 BOS 68.5 605
 Non-Transmural Infarction
10. 485 350 365 230 28.0 185 160
11, 405 200 2265 280 285 180 185
12.% 23.0 328 315 350 — - —
12, B65 EOGQ 305 285 205 200 200
14, 205 21.0 205 19.0 4885 420 30.0
15. 365 36.0 285 215 180 23.0 185
18. 425 36.0 3065 280 265 230 350

# Patients discharged ageinst medical advice.

B

On admission, the T 5T in myocardial infarc-
lian was greater than X 5T for normal {control} group.
Similarly, Table [l also shows that Y 5T was more
in  transmural infarction than In non-transmural
infarction (P = 0.01}.

Table IV shows the fall in level of ZST of pa-
tiznts with transmural inferction on aach mapped  day.
The cases showed & gradually dacreasing SST on
subsequent days which signifiad resolution of the in-
farct size. In those cases where Y ST showed a
progressive increase  (case No.2) or re-elevation
(case No.7), thz patieats had extension of infarction,
This was corraborated also in standard 12 lasd ECG.
In other cases, although £5T showed a decline signi-
fying resolution aof infarct size, the 12 lead ECG did
not necessarily show any  evidence of resoiution
in the form of ST or T wava changes,

TABLE- IV

Showing fall infevels of X' 8T as compared
to Day 1 28T in patients with transmaeal
infarction on sach mapped day (n—9)

Levals

Lavels
Days 75%, or Lewvals raised but Mot rmal
akove 50-75", notnormazl lavels
1
2 7 2 4 .
3 5 3 1 z
i 3 4 1 1
10 1 5 2 1
17 - 2 G 1
24 - 1 4 4

Table ¥V shows the daily serum aspartale amino-
lransferase lavels of each patient on the mapped days.
The highest enzyme level was 98 |U/litre in patient
Mo. 2 on 2nd day of his-admission to the hospital,
Far case No. 7, the snzyme showed a fresh rize to
80 U/litre on  10th day when patient had fresh chest
pain and ST map as wall as EST also showed
an extension of the infarction.

AVIATION MEDHCINE




TAELE—V

Daily serum aspartete amino transferase levels of
mach patient fo JUre (n=16)

 Case
Mo, 1 b 3 4 1m0 17 74

Day Day Day Day Day Dsy Day

Trarsmural Intarction

p 30 76 &0 38 30 12 10
2 b g8 Fis 56 a6 25 20
a* 2B an 22 20 12 10 —
i, 1H 28 20 16 12 12 10
[V 26 30 20 18 14 14 10
6. 30 a6 24 18 8 10 B
Tk 10 BA &0 20 80 42 12
it 16 18 i) B

2, 12 12 10 10 10 10 10

Non-Transmural Infarction
10. 10 18 12 10 10 8 g
niT. 14 24 18 10 10 8 10
g g8 20 12 B - -

It can be seen from Table V that rise in the
snzyme level was more significant for transmural in-
farction cases. Amongst some of the transmural in-
tarction cases also, although standard 12 lead ECG as
well as ¥ST and ST mapping showad a severa infar-
ction, the enzyme level rise was not very significant,
This is quite clear. for example in case No. 4 and
9 in Tablasg 1] and V,

Fig. 13 shows the relationship of the enzyme
level and YST af a male patient (No. 7).  The graph
shows that, in keeping with the general trend, serum
enzyme levals startad rising on day 2. which corrabo-
rated with XST on the same day. It also shows that
ra-alevation of X'ST on day 10 was accompanicd by a
risa in the enzyme levels Indicating the possibility of
an axtension of the infarct,

Discussion

Advartages of ST mapping over stundard 12 fead
electrocardhiogram.

i@= . 10 18 g 10 w10 10
g ﬂ 2 le 9 L = 19 ST elevation In the routine 12 |éad ECG strong-
16 12 10 16 10 12 g 8 | L | infaretl ™h b
; 8 in 8 y suggests myocardial infarction, e subsequent
18 i 1= L 3 svolution confirms the diagnosis. According to
*Patients discharged against medical advice. Marcko et al'* the degree of ST slavation may raflect

Fin. 13

.',

AVST and” sBium sIpariale smanthliansfeinse (2G0T lavels in Case Mo 7.




the size of the damage produced by mvocardial
ischasmia. Various studies of precoerdial ST segmant
mapping in myccardial infarction have used 16 tg 72
electrode positions 3, ' 12 18 a0

In this study, 72 exploratory electrode positions
were used as described by Reid er af Tha ST
from 72 lead position ECG is much maore magnifiac
and reflects changss that may not otherwise be dixs-
cernible. It is more likely to show & re-glevation
indicating infurct extension than the conventional &
lead precordial ECG. In the present series, out of 2
patients with re-clevation of ST segment in 72 lead
position ECG (case No.7 &14), ane (case No.
7) did not show any change in the standard 12 lead
ECG. In a similar study, Reid ef &/ found that 4 of
their 12 patiems with re-alevation on the 48 lead, did
not show any change in the corventional 8 Jead pre-

cordial ECG.
Measurament of 5T segment deviation

The magnitude of the ST segment deviation
was messured 0.06 sec after the nadir of S wayat
Bruce et a" have shown that this is the maost reliable
point that Is least affected by the S and T waves as
well as the random ertefacts that are obtained an the
exprcise ECG.  Besides, this point is beyond the site
of atrisl repolarisetion and, as such, any effect that
this might have on the 5T segmant deviation is alsg

avoidad.
8T in mvocardial infarction : initizi ltevel  and
course of ehanges

In our study. the I ST in normal subjects

(volunteers) was 261 - 3.1 mm, which was signi-
ficantly less than that of the patients with fresh
myocardial infarction. It is alse ohserved that s sT
which was recorded in this study was highest on
the first 2 days of admission and then fey progres-
sively towards normal. Our findings are similar 1a
those recarded by Reid ef &/, *%.* i their own study.

Correfation of ST segment devistion snd  serum
enzyme levels in acute myocardial infarction

Maroko and colleagues’™ have clearly establishad
that a direct correlation exists between the exten:
of ST seagment elevation measured in experimenial

10

torongry occlusion and infarct size Measured by
tardial creatine kinase dapletion. Howaver, 7
el a/'' found no correlation of maximum ST witf
#nzyme values. They found 3 324, drop of ¥
Uncomplicated infarcts in e first 24 hours,
bility of resolution was noted in their pai
According to them high X 5T may be a functior
only of degree of ischacmic damage but  alg
chest wall morphology and thickness,

The present study shows a significant oo
tion between X ST values and serum asparate ar
transferase pask values {Fig, 13), taking inwg o
deration the fact that the infarction will  first pre
itself on the ECG as an elevation of §T SCOmant
latar an in the serum, a5 elevated anzyme valyos,

Sinco  investigations in laboratory  ani
have shown that the size af myocardial infare
after coranary artery occlusion nan be changad
vharmacologic interventions, it has been of I}
interest to measure extensions and reductions in
size of the infarctions in patients, Twao comman n
invasive techniques, which are presently in use arg

B) serum enzymes studies, and

by precordial mapping of 5T seqment.

The serum enzyme studiss are primarily he
ful in assessing the pragnosis. A re-slevatian
serum level of anrymes can Indicate an extension
the size of the infaret, The drawbacks in the £nz
matic studies are that Mmany tissues ather than myogs
dium are alsa rich in these enzymes, ¢.g., brain, lunc
skeletal muscles, liver and gastrointestinal tract. |
of them can ralease these ehzymes, thercby increa
ing the serum levels, There is also a host of oo
tions other than myocardial infarction which M
result in elevated serum enzyme level, some of thes
are administration of salicylates, opiates, or coumari
yne anticoagulants: primary muscle disease, apyt
pancreatitis, extensive CNS damage, erush injfury
burns, infarction of kidney, spleen or intesting sang

hypothyroidism, Alse minor  trauma o limbs
including intramuscular injections and tournique
application to withdraw blood may increase thase

s2rfum enzyme lavels,

AVIATION MEDICIN |




¥ myo-
Madias
W paak
ST in
Varia-
tients,
n not
500 of

rrila -
ino-
onsf-
aject
tand

minls
tion
1 by
el
the
LIE

e 4

Another draw back with the enzyme studies
is that their concentration in blood rises several
hours after the onset of the clinical event and takes
many hours to reach its peak. It may wvary from 10
hours to 2—3 days or even more before the results
of these sprum enzymes are available from labora-
toty to estimate the intarct size. This time-lag bet-
waen the onset of infarction and the time that the
infarct size can be estimated limits the usefulness of
this methaod i monitering reduction in infarct size,
since at that period the eMticacy of any treatment is

controversial,

The precordial mepping technique is a very
simple electrocardiographic method that can be used
by any physician with an ECG machine for bedside
estimation of extent of ischaemic injury in patienis
with agute myocardial infarction. By swvaluating the
ghanges in precordial ST segment at specified times
after the onset of the clinical events one can
immediately assess the size  and
regression  of the ischasmic injury. The method
has the advantags of showing practically instant
changes in reversible tissue damage and makes it
possible to monitor increase or reduction in size of
the myocardium injured. This fact, together with
the simplicity and rapidity of the method, makes it
very suitable 1o evaluate without dalay the effects
of treatment on ischasmic myocardial injury.

progression  or

5T segment mapping, however, does not
provide an absolute value regarding the size of the
infarct. One should remamber that there can he
many other causes of ST segment slavation other
than myocardial ischaemia such s serum electrolyts
concentration, bundle branch block, pericarditis and
‘administration of certain drugs. In such patisnts,
recording of precordial maps are invalid becsuse of
the non-specific effects of these on 8T segmant
elevation. Therefore, the cause of the ST segment
elevation will have to be determined by clinical and
other means and patients with 5T elevation from
‘causes other than that of myocardial demage should
not be taken up for study.

Re-slavation of ST segmemt and extension of
infarction.

ln our study, 2 {case No. 7 & 14) out of
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the 16 patients with anterior wall myocardial infarc-
tion., had a re-elevation of ST segments. Qut of
these 2 patients, one also had associated abnormal
serum enzyme lavals. Both these patients had recurr-
ance of chest pain.  The findings of re-slevation in
X 8T, serum alterations in enzymes and associated
recurrgnce of chest pain, strongly suggest the
possibility of infarct extension.® . This event occurs
5.8 days on an average after initial Infarction, Other
factors such as pericarditis or  ansurysm formation
considered in the intarpretation ot the
re-alevation of ST sagmant {or X ST) in patients
with  acute anterior wall myocardial  infarction,
Niarchos  and Mckendriks!  have recently reported
incidence of pericarditis 1o be 11.3% following
acute myocardial infarction.  In thair series, a friction
rub appeared in maost patlents betwaeaen the 2nd and
4th day after infarction

must be

Pracordial maps area no longer useful for
follawing up patients with myocardial infarction
when paricarditis appears; they then maintain high
I 8T for a numbsr of days despite clinical and big-
chemical evidence of recovery. Since pericarditis
cannot ba diffarentiated from extension of injury by
ECG, serial enzyme estimation and frequent ausculta-
ticn are haiptul in difterential diagnosis.

In our group of 9 patients with transmural
anterior mygcardial infarction, re-elevation of £ ST
accurred in one patient (case No.7) on 10th day and
was not associsted with appearsnce of friction rub
and his pain was not pleuritic.  Although
paricarditis may have bsen presant subclinically, there
was still enzymatic evidence of myocardial necrosis.

chest

The effects of left ventricular aneurysm forma-
tion on the ST segments are more difficult to evalu-
ate sines it is common for patients with anteriar .
myocardizl infarction to have dyskinetic areas of
the anterior or apical myocardium **. The transient
nature of tha rise in ST segment (or £ ST}, the asso-
ciated clinical manifastations such as further ischaa-
mic pain and the secondary rise In Serum BnNzZymes
make it unlikaly that aneurysm farmation alone could
have accounted for the findings in the present stydy.

1} ]
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Relationslip of high ST and prognosis

Although death has been linked to high ST

sggment elevation of the standard ECG, in a study by
Madias and co-workers " menality did not comnslats

well with maximum Y ST,

In our study of 16 patiems of fresh anterior

myocardial infarction, thers was no mortality. Sinca

tha

number ot patients in this study s small no

conclusion can be drawn regarding relationship of
high & 8T with prognosis.
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