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Myocardial infarction and thrombolysis
Electrocardiographic short term and long term results using

precordial mapping
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SUMMARY In a consecutive series of 56 patients with acute myocardial infarction, ST segment
depression and elevation in the electrocardiographic limb leads I, II, and III were summated for
each patient before and immediately after intracoronary streptokinase infusion and the results
compared with the angiographic findings. Forty three patients had angiographically confirmed
reperfusion of an initially occluded vessel and showed a significant decrease in summated ST shift.
The ST segment changes in the limb leads virtually returned to normal in all 43 patients, and in
most, inverted T waves developed. Thrombolysis was unsuccessful in 10 patients, and the infarct
related coronary artery was already patent in three. When these two groups are combined, all 13
patients without reperfusion showed no significant change in summated ST segment shift. During
percutaneous transluminal angioplasty inflation of the balloon in the vessel that was previously
occluded simulated reocclusion and was followed by new ST elevation if the artery supplied viable
myocardium.

In a further consecutive study of 54 patients with anterior myocardial infarction, the precordial R
waves and Q waves were studied over the four to six months following infarction using a standar-
dised 48 electrode mapping system. All patients underwent a repeat angiogram after four to six
months. In 36 patients the infarct related vessel was patent. They showed a significant mean increase
in summated precordial R wave amplitude and a reduction in the mean number of precordial leads
without R waves. In 18 patients with unsuccessful thrombolysis or reocclusion there was a further
reduction in mean summated R wave amplitude and an increased number of precordial leads not
showing R waves.

Precordial R wave mapping seems to be a valuable non-invasive method of assessing the salvage of
myocardium after reperfusion and the damage caused by reocclusion. Loss of R waves in the acute
phase of myocardial infarction does not necessarily mean an irreversibly damaged myocardium.

Electrocardiography is the most important tech-
nique for diagnosing acute myocardial infarction. ST
segment elevation occurs within a few seconds of
complete occlusion of a coronary artery. During the
next six to eight hours R waves are lost or their amp-
litude reduced and pathological Q waves develop. 1 2
A rapid decrease in ST elevation during intraven-

ous streptokinase infusion in patients with acute
myocardial infarction was described in the 1960s,3
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and changes in the standard electrocardiographic
leads after intracoronary streptokinase infusion have
recently been reported.45 There are, however, no
detailed studies that have used electrocardiographic
mapping to study the effectiveness of reperfusion. We
therefore studied the ST segment changes during
angiographically documented reperfusion and the Q
and R wave changes in the subacute and chronic
stages of myocardial infarction.
Patients and methods

The patients in the present study were all admitted to
our hospital within eight hours of the onset of chest
pain, had electrocardiographic changes consistent
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with acute myocardial infarction (ST elevation of
0-2 mV in the limb leads or of a0 3 mV in the chest

leads), and had persistent chest pain. They were
treated with an intracoronary infusion of streptokin-
ase at a dose of 3000 units per minute for 60 minutes.
Coronary angiography was performed before, every
20 minutes during, and at the end of the infusion.
The protocol was approved by the local ethical

committee, and all patients gave informed consent for
the study.
ST SEGMENT CHANGES IN THE ACUTE STAGE
(Group 1)
In a consecutive series of 56 patients (group 1) (47
male, nine female; age range 41-81 years) 21 had
anterior and 35 inferior infarcts. We summated the
ST segment elevation and depression (ST shift) in the
limb leads I, II, and III before and after streptokinase
infusion and compared the results with the angio-
graphic findings. In 34 patients online monitoring of
the ST segment using up to eight precordial leads was
performed during the 48 hours after streptokinase
infusion in order to detect recurrent ischaemia.6 In six
patients we used a precordial online mapping system
to study the ST segment changes during balloon
inflation while performing percutaneous transluminal
angioplasty of the remaining stenosis of an infarct
related vessel after successful reperfusion.

CHANGES IN Q AND R WAVES AT SIX MONTHS
(Group 2)
In a second series of 54 consecutive patients (group 2)
with anterior myocardial infarction (41 male, 13
female; age range 27-79 years), which did not include
the patients in group 1, standardised 48 electrode pre-
cordial mapping was performed immediately after
streptokinase infusion, at 72 hours, at three weeks,
and at four to six months, when repeat coronary
angiography was also performed.
The 54 patients in group 2 were divided into four

groups according to the angiographic findings at fol-
low up coronary angiography four to six months after
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infarction. Group A comprised 11 patients in whom
reperfusion occurred spontaneously before strep-
tokinase infusion and the infarct related vessel was
patent four to six months later; group B comprised 25
patients achieving successful thrombolysis in whom
the infarct related vessel was still patent four to six
months later; group C comprised eight patients with
reoccluded vessels at four to six months; and group D
comprised 10 patients in whom thrombolysis was
unsuccessful.

STATISTICAL ANALYSIS
Statistical analyses were performed using Student's t
test. Values are expressed as mean (standard devia-
tion).

Results

GROUP 1
In 43 of the 56 patients the infarct related vessel was
occluded at the start of the streptokinase infusion,
thrombolysis was successful, and reperfusion was
achieved. In these patients there was a significant
decrease in mean summated ST shift from 0.68(0-32)
mV to 0.09(0.12) mV (p<0.001). Figure 1 shows an
example of an electrocardiogram that had virtually
returned to normal a few minutes after reperfusion.

In 10 patients either the occluded vessel could not
be reperfused or inadequate reperfusion was
achieved. In three patients the vessel was already
patent before the start of the streptokinase infusion.
In this combined group of 13 patients there was no
significant change in mean ST shift during strep-
tokinase infusion (mean ST shift before infusion
0.44(0.29) mV and after infusion 0.44(0-36) mV)
(Fig. 2). All patients achieving successful reperfusion
showed a reduction in mean ST shift of >55% within
one hour.

During percutaneous transluminal coronary angio-
plasty performed three days after successful throm-
bolysis in four of these six patients inflation of the
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Fig. 1 Ekctrocardiograms showing rapid "improvement" ofST-T changes after repeisi in a 45year old man in whom a
streptokinase infusion into the occluded right coronary artery was started four and a half hours after the onset of chest pain.
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Fig. 2 ST segmentshift in adsI,II, and III before and one
hour after streptokinase infsion in (a) 43paents with successful
drornbobysis and repfusion and (b) IO patients with
wsuccessfultranbol)is ( infenor, A ateiorinfarction) and
three with the infarct relaed vessel already patent at the start of
infusion (0). Bars represent mean (SD).

balloon in the remaining stenosis of the infarct related
vessel simulated reocclusion and was accompanied by
new elevation of the ST segment in the precordial

leads around the centre of the initial ischaemia
(Fig. 3). In two patients no ST segment changes were
seen during angioplasty. Although initial reperfusion
had been successful and both patients had shown a
reduction in mean ST shift during the first hour, they
had both had subsequent episodes of recurrent chest
pain and ST elevation, repeated estimations of plasma
creatine kinase MB activity had shown a delayed
release pattern, and left ventricular angiography
showed severely depressed regional wall motion.

GROUP 2
Groups A and B showed a moderate but significant
increase in precordial R wave amplitude between the
initial admission and repeat angiography, whereas
patients in groups C and D showed a further loss of
amplitude (Table). A similar trend could be seen with
respect to the number of precordial leads showing a
complete loss of R waves: in groups A and B the
number of leads decreased, but increased or
remained the same in groups C and D. Four to six
months after infarction group A had the fewest pre-
cordial leads with complete loss of R waves (mean
12*3) and group C the most (mean 31) (Table). The
increase in R wave amplitude in groups A and B could
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Fig. 3 Ekecocardiogrns and angiogram showing simlation ofreocchsion dciing inflation ofthe balo causing new ST
evation in leads IIand III in apatien with infeior myocardia ion and successful dtrnbo4ysis two day preriusly.
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Myocardial infarction and thrombolysis
Table Mean (SD) ofsummated R wave amplitude (mV) and mean (SD) number of leads showing no R waves in a 48
electrode precordial map recorded immediately after intracoronary streptokinase infusion and 4-6 months later in group 2
patients with an initially patent infarct related vessel (group A), successfil thrombolysis with vessel remaining patent (group
B), unsuccessful thrombolysis (group D), and successful thrombolysis with subsequent reocclusion (group C)

Subgroup No of Summated R wave amplitude (mV) Mean (SD) No of leads showin no R wavs
patients

After After Change p value After After Change p value
infusion 4-6 mnth infusion 4-6 mnth

A 11 18-1 (5-4) 23-2 (7-0) +5-1 (7-5) <0-04 14-7 (10-8) 12-3 (7-5) -2-4 (4-8) NS
B 25 12-4 (10.9) 16-2 (11-2) +3-9 (5-0) <0-006 27-9 (13-1) 21-2 (13-7) -6-6 (8-9) <0-001
C 8 14-0 (13-0) 9-8 (11-0) -4-3 (2-8) <0-003 26-5 (12-2) 31-0 (12-2) +4-3 (3-2) <0-007
D 10 11-8 (12-8) 10-7 (12-7) -1-1 (4-8) NS 30-4 (12-2) 30-7 (12-6) +0-3 (10-7) NS
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Fig. 4 Diagrams showing (a) marease in R wave armplitde
(related topostion ofekctrode andmean value in each ofthefour
groups) dwing the 4-6 months after infarction in patents wih
intaly patent infarct related vessel (group A) and dose with

successful thwrnboysis in whomn the vessel remained patent
(group B) and (b) decrease inR wave amplitde inpatents with
musuccessfidt rcnboysis (group D) and tose with reocclusion of
the infarct reated tessel (group C).

be seen in those electrodes having the highest ST
segment elevation at the time of admission, whereas in
patients with reocclusion (group C) the further loss of
R wave amplitude mainly affected the border zone of
initial precordial ischaemia (Fig. 4b).

Discussion

In this study a decrease in ST elevation and ST
depression in the electrocardiographic limb leads
occurred within one hour after reperfusion of the
infarct related vessel in patients with anterior or

inferior myocardial infarction treated with intracoro-
nary streptokinase. In patients with unsuccessful
thrombolysis no change in summated ST shift occur-

red during streptokinase infusion. Similar results
have been reported in patients with anterior myocar-

dial infarction using leads VI-V6.457 This rapid
reduction in summated ST depression coincides with
the relief of pain. Although it might be explained by
rapid death of the infarct area, a reduction in
ischaemia is more likely since reocclusion or simu-
lated reocclusion by balloon inflation at the same site
induced a new ST elevation (Fig. 3).

This simple electrocardiographic criterion should
be useful for judging the likelihood and timing of
reperfusion in patients treated with intravenous strep-
tokinase.

It is generally accepted that the loss of R waves and
the appearance of new Q waves after acute myocardial
infarction represent loss of myocardium.8"'I The
time course of these changes has been investigated in
detail during the first 48 hours after the onset of chest
pain.2 10 During this period a recovery of R waves and
a regression ofQ waves was found in < 10% of conser-
vatively treated patients.2 Although transient Q waves
have been reported in patients with Prinzmetal's
angina, during myocardial ischaemia or coronary
arteriography, or after coronary artery bypass
surgery,12 -16 they are rare after myocardial infarction
and are confined to patients with small infarcts.'7 18
The mechanism is unknown; some authors believe
that shrinking of the scar and hypertrophy of the
myocytes in the border zones is the most likely
reason.'8 19

In this study patients with unsuccessful throm-
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bolysis (group D) had no significant change in precor-
dial Q waves or R waves when the acute and chronic
stages are compared, whereas an extension of the elec-
trocardiographic infarct area was seen in those with
angiographically documented reocclusion (group C).
Although the numbers of Q waves and the precordial
R wave amplitudes immediately after streptokinase
infusion were nearly the same in groups B and C,
patients in whom reperfusion was maintained showed
a gradual but significant reduction in the number of Q
waves and an increase in R wave amplitude in the
centre of the infarct during the weeks after reperfu-
sion. Patients with spontaneous reperfusion
(group A) had the smallest t areas and no
significant change in Q waves during long term follow
up. Thus shrinking of the scar and hypertrophy of the
healthy myocardium cannot be the only explanation
for the increase in R wave amplitude. The significant
increase in R wave amplitude and the reduction in the
number of pathological Q waves after reperfusion
probably means salvage of jeopardised myocardium.
Obviously, the electrical recovery of the ischaemic cell
takes more than a few days and coincides with the
recovery of function.20

Since there is a significant difference in these elec-,
trocardiographic findings between patients in whom
the infarct related vessel could be reperfused within
the first four to six hours and those in whom reperfu-
sion was unsuccessful, precordial mapping should be
a useful non-invasive method for judging the long
term effects of reperfusion. These results will need to
be confirmed in a prospective randomised study.

This study was undertaken with the support of
Deutsche Forschungsgemeinschaft SFB109.

References

1 von Essen R, Merx W, Effert S. Spontaneous course of
ST-segment elevation in acute anterior myocardial
infarction. Circulation 1979; 59: 105-12.

2 von Essen R, Merx W, Dorr R, Effert S, Silny J, Rau G.
QRS mapping in the evaluation of acute anterior
myocardial infarction. Circulaion 1980; 62: 266-76.

3 Lasch HG. Die Therapie des Herzinfarktes.
Therapiewoche 1970; 20: 107-14.

4 Blanke H, Scherff F, Karsch KR, Levine RA, Smith H,
Rentrop P. Electrocardiographic changes after
streptokinase-induced recanaization in patients with
acute left anterior descending artery obstruction. Circula-
tion 1983; 68: 406-12.

5 Anderson JL, Marshall HW, Bray BF, et al. A random-

ized trial of intracoronary streptokinase in the treatment
of acute myocardial infarction. N EnglJ Med 1983; 308:
1312-8.

6 von Essen R, Hinsen R, Louis R, et al. On-line monitor-
ing of multiple precordial leads in high risk patients with
coronary artery disease-a pilot study. Eur HeartJ7 1984;
5: 203-9.

7 Gillmann VH, Colberg K, Keller HP, et al. Zur
fibrinolytischen Behandlung des akuten Herzinfarktes
II. Deutschschweizerische Gemeinschaftsstudie Teil 2:
Ergebnisse der electrocardiographischen Unter-
suchungen. Z Kardiol 1973; 62: 193-214.

8 Johnston FD, Hill IGW, Wilson FN. The form of the
electrocardiogram in experimental myocardial infarction.
II The early effects produced by ligation of the anterior
descending branch of the left coronary artery. Am Heart
J 1935; 10: 889-902.

9 Shaw CMcK, Goldmann A, Kennamer R, et al. Studies
on the mechanism of ventricular activity. VIII. The
origin of the coronary QR wave. Am J Med 1954; 16:
490-503.

10 Selwyn AP, Ogunro E, Shillingford JP. Loss of electri-
cally active myocardium during anterior infarction in
man. Br HeartJ1 1977; 39: 1186-91.

11 Hillis LD, Askenazi J, Braunwald E, et al. Use of
changes in the epicardial QRS complex to assess inter-
ventions which modify the extent of myocardial necrosis
following coronary artery occlusion. Circulaon 1976; 54:
591-8.

12 Roesler H, Dressler W. Transient electrocardiographic
changes identical with those of acute myocardial infarc-
tion accompanying attacks of angina pectoris. Am Heart
J 1954; 47: 520-6.

13 Haiat R, Chiche P. Transient abnormal Q waves in the
course of ischemic heart disease. Chest 1974; 65: 140-4.

14 Meller J, Conde CA, Donoso E, Dack S. Transient Q
waves in Prinzmetal's angina. Am J Cardiol 1975; 35:
691-5.

15 Klein HO, Gross H, Rubin IL. Transient electrocardio-
graphic changes simulating myocardial infarction during
open heart surgery. Am HeartJ 1970; 79: 463-70.

16 Bateman T, Gray R, Maddahi J, Rozanski A, Raymond
M, Berman D. Transient appearance ofQ waves in coro-
nary disease during exercise electrocardiography: consid-
eration of mechanisms and clinical importance.Am Heart
J 1982; 104: 182-4.

17 Kalbfleish JM, Shadaksharappa KS, Conrad LL, Sarkar
NK. Disappearance of the Q-deflection following
myocardial infarction. Am HeartJ 1%8; 76: 193-8.

18 Holzmann M. Klinische Elektrokardiographie. Stuttgart:
Georg Theime Verlag, 1%5: 420.

19 Lepeschkin E. Das Elecktrokardiogramm. Dresden:
Steinkopff Verlag, 1947: 405.

20 Lambertz H, Schweizer P, Krebs W, et al. Echokardiog-
raphische Verlaufskontrolle des akuten Myokardinfark-
tes nach intrakoronarer Streptolysebehandlung. Z Kar-
diol 1984; 73: 321-6.

10

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.54.1.6 on 1 July 1985. D
ow

nloaded from
 

http://heart.bmj.com/

