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ABSTRACT:
BACKGROUND:
Acute myocardial infarction is a major cause of death throughout the world. Many important advances
have become available to Coronary Care Units enabling them to reduce mortality and improve the
prognosis, Reperfusion therapy is one of these important advances.
OBJECTIVE:
This study sought to identify the Electro-cardiographic (ECG ) changes which occur after receiving
Alteplase therapy and its relation to response to thrombolytic therapy.
METHODS :
Seventy-three patients with ST- elevation Acute Myocardial Infarction (AM I) who received Alteplase
within 12 hours from the start of symptoms in coronary care unit were included in this study. Electrocardiographic (ECG) was done to all patients at time of arrival to the coronary care unit(CCU),
Alteplase therapy was given to all patients plus heparin intravenously, followed by electrocardiographic (ECG ) every 30 minutes for 2 hours.
RESULTS:
Fifty-seven and half percent of our patients showed 50% reduction in the ST segment elevation in the
worst lead after 2 hours from starting Alteplase therapy and regarded as responders. Other ECG
changes like rapid appearance of Q wave, T inversion, accelerated idioventricular rhythm (AIVR) are
found to be specific for reperfusion with a high predictive value when the gold standard criteria was
reduction 50 % in the ST segment elevation Resolution of reciprocal changes is sensitive and specific
with high predictive value.
CONCLUSION :
Some ECG changes after thrombolytic therapy can predict the response in addition to the already
known changes.
KEYWORDS:ECG reciprocal resolution sensitive .
INTRODUCTION:
Fibrinolytic treatment has produced an important
impact on the natural history of ST- elevation
AMI(1). The goal of thrombolytic therapy is to lyse
occlusion by coronary thrombi and thus reinstate
adequate coronary blood flow(2,3).
Over the past decade, the critical importance of
timely reperfusion of the occluded infarct- related
coronary artery in patient with ST- elevation AMI
has been recognized(4).Early administration of
thrombolytic agents reduces infarct size and
improves survival (5,6), with a reduction in the
mortality by 25–50% (2,5,7,8) .
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Several studies have shown the value of non –
invasive reperfusion indices in ST- elevation AMI
(9,10)
.
Various non – invasive indices were found useful
for determining coronary reperfusion, such as ECG
changes, change in quality of the chest pain, and
enzymatic study.
In this study, we decided to evaluate the effect of
thrombolytic therapy by ECG changes which occur
after receiving the drug. We have chosen the ECG
because it is simple, easily done, not invasive and
has a well-established role in evaluating the effect
of thrombolytic therapy and to evaluate the effect of
Alteplase therapy in patients who presented with
ST- elevation Acute Myocardial Infarction (AM I)
by ECG changes based on the criteria of reduction
in the ST segment
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elevation and to evaluate the effect of time on
response to treatment.This study was done in the
coronary care unit(CCU) of Ibn-Siena Mosul
Teaching Hospital from Sep.2000 to Oct.2001. We
considered the reduction of ST elevation in the
worst lead by 50% or more within the first 2 hours
as the cut point for success or failure of reperfusion
(11,12,13,14,15)
. On the serial ECG s, the degree of ST
elevation was measured and we tried to clarify these
patients who got 50 % reduction. We evaluated
other changes in the ECG, with respect to the ST
reduction criterion as rapid appearance of Q
wave(16), rapid appearance of T inversion(11,12) and
appearance of accelerated idioventricular rhythm
(AIVR) by ECG or monitor.Persistence or
disappearance of reciprocal changes.
Statistical analysis:
The statistical methods which were used included:
Chi – square test difference between observations
were considered not significant at p >0.05.
Sensitivity , specificity and predictive value were
all estimated for each ECG changes criterion using
2*2 tables.
RESULTS:
The main change noticed in the serial ECG included
ST reduction (50%) ,accelerated idioventricular
rhythm (AIVR), rapid appearance of Q wave, rapid
appearance of T inversion and reciprocal changes.
Out of 73 patients who received Alteplase therapy,
42 patients (57.5%) showed 50% reduction in the
ST elevation after 2 hours from starting therapy,
these patients are considered as responders, while
31 patients (42.5%) did not achieve this target, no
side effect and no mortality were observed in this
study.Table (1) shows the observed ECG changes in
the responders group and the failure group within 2
hours after establishment of Alteplase therapy,

while table (2) exhibits the significance of the
different ECG changes as a marker of success or
failure when compared with the reduction of the ST
segment elevation as criteria of response. Twenty
out of 22 patients(91%) who showed accelerated
idioventricular rhythm (AIVR) in the first 2 hours
were from the responder group. This suggests that
the appearance of AIVR is a strong indicator of
success with p value < 0.001. in comparison with
the ST reduction criteria, which we considered as
the gold standard criterion for response, its
specificity was 93.5% , predictive value was 90.9%
and sensitivity was 47.6 %.Twenty-one out of 22
patients (95.4%) who showed rapid appearance of Q
wave were from the responder group, making it
another strong marker of success with p value
<0.01. its specificity was 92.8%, predictive value
was 95.4% and sensitivity was 52.5%, and
seventeen
out of 18 patients (94.4%) who
developed T inversion 2 hours after starting
Alteplase therapy were from the responder group,
where p value was < 0.001. the specificity was
96.15%, predictive value was 95.4% and sensitivity
was 40.4%.Forty- five patients had reciprocal
changes on the base line ECG before starting
Alteplase. Thirty-two patients were from the
responder group, while 13 patients were not. Out
of 32 patients who were responders, in 30 patients
(93.7%), the reciprocal changes disappeared after
receiving Alteplase. In 13 patients who failed to
respond , 2 patients only had the reciprocal changes
being disappeared makes the disappearance of
reciprocal changes after thrombolytic therapy a
strong indicator for response with p value <0.001.
sensitivity was 93.7%, specificity was 84.6%, and
predictive value was 93.7.

Table 1:The observed ECG changes in response and failed groups within 2 hours after establishment of
Alteplase therapy.
ECG changes
accelerated
idioventricular
rhythm(AIVR)
Rapid appearance of
Q wave
Rapid appearance of
T inversion
Resolution of reciprocal
changes

Response
group (n)
22

Percent (%)

Failure group(n)

Percent(%)

Total

99

2

9

22

29

94.4

9

5.4

22

91

95.4

9

4.4

91

22

92.1

2

3.2

22
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Table 2: The significance of the different ECG changes as a marker of success or failure when compared with
the reduction of ST segment elevation as criteria of response.
ECG changes
accelerated idioventricular
rhythm(AIVR)
Rapid appearance of Q wave

Specificity(%)
92.4

Predictive value (%)
92.4

Sensitivity(%)
51.3

P value
> 2.229

92.1

94.5

42.4

> 2.29

Rapid appearance of T inversion

93.94

94.5

52.5

> 2.229

Resolution of reciprocal changes

15.3

92.1

92.1

> 2.229

Table 3: The response according to the time.
Time

response(n)

percent(%)

failure(n)

percent(%)

Total no.

2 hours
2 -6 hours
> 6 hours

25
94
2

12.1
32
94.1

4
92
93

91.2
52
15.2

29
24
99

DISCUSSION:
The well accepted 50 % or more reduction in the
ST segment elevation was considered in our study
as the gold standard of response or failure. Failure
of the elevated ST segment (measured 80 ns after
the J point in a lead with a maximum ST elevation)
to fall by 50% or more, if measured two hours after
the start of thrombolytic therapy will give a
diagnostic accuracy of about 80 -85 % for failure
to achieve TIMI 3 flow(15,17). On the other hand, in
other study, using the reduction in the ST segment
elevation by 50% or more as a sign of reperfusion
will lead to 15 % of patients being falsely
identified as having TIMI 2-3 flow(12,13). In our
study, depending on the reduction in the ST
segment elevation by 50% or more in the worst
lead 2 hours after treatment as a sign of response
or failure to thrombolytic therapy, 57.5% of our
patients who received Alteplase were responders.
The response rate in our population as judged by
ECG is lower than expected when compared to
studies in which angiography was the diagnostic
tool to assess reperfusion(15,17,18). However,
thrombolysis in MI study (TIMI-I), angiographic
reperfusion occurs in 62% of patients after
Alteplase therapy(19,20).
Other factors which may contribute to the low
response rate in our patients is the delay in the time
of arrival to coronary care unit (CCU) ((only 29
patients arrived to the CCU within 2 hours)).
In our study, 47.6% of those patients who
responded to treatment developed accelerated
idioventricular rhythm (AIVR) 2 hours after
receiving Alteplase therapy, which when compared
with the criteria of reduction in the ST segment
elevation showed a high specificity and predictive
value and low sensitivity rate. However, the low
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sensitivity may not truly reflect absence of AIVR
because of the fact that many of these reperfusion
arrhythmias are too slow to trigger rate alarms on
the coronary care unit (CCU) and often go
undetected by busy nursing staff(11).
The early occurrence of a negative T wave of more
than 0.1 mv (1mm) in the most abnormal infarct
lead was shown to be a sign of coronary
reperfusion, this result is consistent with other
studies (11,12,13).Forty percent of those patients who
got 50 % reduction in the ST segment elevation
developed the terminal negative T wave , 2 hours
after starting thrombolytic therapy . this T
inversion also seems specific for reperfusion with a
high predictive value but low sensitivity.
In this study, the early resolution of reciprocal
changes after giving Alteplase was shown to be a
sign of reperfusion with a high sensitivity ,
specificity and predictive value, this makes it a
reliable indicator for success of thrombolytic
therapy in those patients who presented with
reciprocal changes on the base line ECG before
starting therapy.
The presence of pathological Q wave on the base
line ECG predicts a low success rate for
reperfusion , this may be explained by its relation
to the duration of occlusion. Its importance, even
when the duration of the chest pain is known,
would imply that the latter is only a crude estimate
of the duration of occlusion. T inversion before
treatment the presence of T inversion in the base
line ECG before starting thrombolytic therapy
have shown to predict a poor response to
treatment, and this may be explained also by its
relation to the duration of occlusion and To the
fact that the presence of T wave inversion on the
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presenting ECG was associated with a low TIMI
3flow rate (21,22).
Inferior MI appear to predict a better result
regarding reperfusion after Alteplase therapy , and
this is consistent with other studies(23) this result
could be explained by the fact that inferior MI is
associated with small infract size in comparison
with anterior MI which is associated to a large
infract size. The amount of myocardium at risk has
been shown to be two fold greater for anterior than
for non- anterior infarction (24,25).
The earlier thrombolytic therapy is given after MI ,
the more effective it should be. Soon after
coronary thrombosis, there is less blood clot with
fewer fibrin, shorter period of ischemia, so there
will be less extensive myocardial necrosis if
reperfusion is established(26,27).
Our results are consistent with the well-known
benefits of early administration of thrombolytic
therapy.
CONCLUSION:
In this study , further ECG changes were shown to
be specific for response with high predictive value,
which may make them reliable criteria for
reperfusion, these included:
Early resolution of reciprocal changes is sensitive
and specific with high positive predictive value for
reperfusion and early appearance of accelerated
idioventricular rhythm (AIVR) has
a specific predictor for reperfusion.
The presence of Q wave , T inversion on the base
line ECG appear to predict poor response to
treatment.
early arrival to hospital with early initiation of
thrombolytic therapy is an important factor for
response to treatment.
REFERENCE:
1. Alfredo C, JUAN A, Elisabet R,et al.
prognostic value of clinical variable for
recrrent ischemic events after acute
myocardial infarction. Clinical cardiol
1995;18:157- 60.
2. Eric H, Loscalzo J. Acute
myocardial
infarction. In : Thomas E, Charles C, Robert
C,et al. Cecil essentials of medicine. 5 th
edition, Philadelphia, W. B. Sauders, 2001:9394.
3. Nikhil Sikri, Amit Bardia et al. History of
Streptokinase Use in Acute Myocardial
Infarction. Heart Inst J. 2007;34:318–27.
4. William J, Larry S, Paul S. et al. comparison
of primary angioplasty versus thrombolytic
therapy for acute myocardial infarction. Am J
cardiol 1994;74:111-18.
THE IRAQI POSTGRADUATE MEDICAL JOURNAL

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

161

Boon NA,Fox KAA, Bloomfield P.Diseases of
the cardiovascular system. In: Haslett C,
Chilvers ER, Hunster JAA, Boon NA, (Eds).
Davidson,s
principals and practice of
Medicine. 21. ed. Edinburgh: Churchill living
stone; 2010:269.
Lesline WS, Urie A, Hooper J, Morrison CE.
Delay in calling for help during myocardial
infarction :
reasons for the delay and
subsequent pattern of accessing care. Heart
2000;84:137-41.
Olson
G.
Bedside
cardiology
and
thrombolysis.
J
AM
coll.
Cardiol.
1993;22:1317-19.
Lanter L, foster Jenning C, Roberts S, et al.
Safety of thrombolytic therapy in normally
menstruating women with acute myocardial
infarction . AM J cardiol 1994;74:179-81.
Krucoff MW, Croll MA, Pope IE, et al.
Continuously updated 12- lead ST segment
recovery analysis for myocardial infract artery
patency assessment and its correlation with
multiple simultaneous early angiographic
observation. AM J cardiol 1993;145-51.
Menown I B , Allen J, Anderson McC, et al.
non invasive assessment of reperfusion after
fibrinolytic therapy for acute myocardial
infarction . AM J cardiol 2000; 86:736-41.
Sutton AGC, Campbell PG, Price D JA, et al.
Failure of thrombolysis by streptokinase:
detection with a sample electrocardiographic
method. Heart 2000;84:149-56.
Ophuis A J , Bar FW, V ermeer F, et al .
Angiographic assessment of prospectively
determined non- invasive reperfusion indices
in acute myocardial infarction .Heart
2000;84:164 -70.
Aapo L. Aro, Olli Anttonen,Jani T. Tikkanen,
M. Juhani Junttila, Tuomas Kerola, Harri A.
Rissanen, et al. Prevalence and Prognostic
Significance of T-Wave Inversions in Right
Precordial
Leads
of
a
12-Lead
Electrocardiogram in the Middle-Aged
Subjects , Circulation. 2012;125:2572-77.
Sutton AG C, Campbell PG, Grech ED, et al.
Failure of thrombolysis: experience with a
policy of early angiography and rescue
angioplasty for electrocardiographic evidence
of failed thrombolysis. Heart 2000; 84:197204.

VOL. 15,NO.2, 2016

ACUTE MYOCARDIAL INFARCTION
15. Yacoub SM, Abdul- ghafour AS, AL-shaarbaf
H, Al-Azzawi AA. The role of thrombolytic
therapy in acute myocardial infarction.
Procceding of symposium organized by Iraqi
cardio- thoracic society. 2001.
16. Barry M, Thomas M. Acute myocardial
infarction . In : Lawrance M, Stephen J,
Maxine A. Current medical diagnosis and
treatment. 39 th ed. , Lebanon, McGraw Hill,
2000: 388.
17. Tone Svilaas, Pieter J. Vlaar, M.Sc., Iwan C.
van der Horst, Gilles F.H. Diercks,, Gillian A.
Jessurun, et al. Thrombus Aspiration during
Primary Percutaneous Coronary Intervention.
The new England journal of medicine.
February 7, 2008;358.
18. Barry M, Thomas M. Acute myocardial
infarction. In: Lawrance M, Stephen J, Maxine
A. Current medical diagnosis and treatment.
33 rd ed. International edition, Appleton and
Lange; 1994:318.
19. Cheitlin MD, Sokolow M, Meilry MB. Acute
myocardial infarction. Clinical cardiology 6th
ed. Lange Book ; Mc Graw Hill; 1993:206.
20. Jamshed Dalal, Prasant Kumar Sahoo, Rakesh
Kumar Singh, Anil Dhall, Rajneesh Kapoor,
A. Krishnamurthy, Sadanand R. Shetty,
Shailendra Trivedi,et al. Role of thrombolysis
in reperfusion therapy for management of
AMI: Indian scenario Indian Heart J.
2013;65:566–85.
21. Wong CK, French JK, Ayword PE,et al.
Usefulness
of
the
presenting
electrocardiogram in predicting successful
reperfusion with streptokinase in acute
myocardial infarction . AM J cardiol
1999;83:164 - 68.
22. Amany H Ahmed, KJ Shankar, Hossein
Eftekhari, MS Munir, Jillian Robertson, Alan
Brewer, et al. Silent myocardial ischemia:
Current perspectives and future directions.
Exp Clin Cardiol. 2007; 12:189–96.
23. Dissmann R, Schroedder R, Busse U, et al.
Early assessment of outcome by ST segment
analysis after thrombolytic therapy in acute
myocardial infarction . Am Heart J
1994;128:851-57.
24. Chareouthiatawee P, Gibbons RJ, Roberts RS,
et al . The impact of time to thrombolytic
treatment on outcome in patients with acute
myocardial infarction. Heart 2000;84:142-48.

THE IRAQI POSTGRADUATE MEDICAL JOURNAL

25. Y Birnbaum, B J Drew, et al. The
electrocardiogram in ST elevation acute
myocardial infarction: correlation with
coronary anatomy and prognosis. Postgrad
Med J 2003;79:490-504
26. Rawles J, Gatenby R, Lyons K, et al. Halving
of mortality at one year by domicilary
thrombolysis in the Grampian region early
Anistreplase trial ((GREAT)) J AM coll
cardiol . 1994; 23:1-5.
27. G Montalescot, H R Andersen, D Antoniucci,
A Betriu, M J de Boer, L Grip, F J Neumann,
et al. Recommendations on percutaneous
coronary intervention for the reperfusion of
acute ST elevation myocardial infarction
Heart. 2004;90:e37.

162

VOL. 15,NO.2, 2016

ACUTE MYOCARDIAL INFARCTION

THE IRAQI POSTGRADUATE MEDICAL JOURNAL

VOL. 15,NO.2, 2016

