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In patients with acute myocardial infarction (AMI) ventricu-
lar tachyarrhythmias can cause serious clinical symptoms and

can induce sudden cardiac death. They may result from dif-
ferent myocardial abnormalities or may be a side effect of drug
treatment or metabolic abnormalities [1]. Experimental data
have demonstrated a strong link between the vulnerability of
the ventricular myocardium to serious tachyarrhythmias and
increased temporal dispersion of refractoriness [2].

From the beginning of this century the electrocardiogram
(ECG) has been used in the diagnosis of different cardiac struc-
tural and functional abnormalities, and in the identification
and prediction of different serious and potentially fatal brady-
and tachyarrhythmias. Experimental and clinical studies have
recently indicated that interlead variability of the QT interval
in surface 12 lead ECG (ie, the QT dispersion defined as the
difference between maximal and minimal QT interval dura-
tion) reflects regional differences in ventricular recovery time
[3]. This QT dispersion has been linked to the occurrence of
arrhythmias in patients with congenital long QT syndromes,
postinfarction patients, drug-induced tachycardias and sud-
den death in patients with chronic congestive heart failure,
[4–7]. The homogeneity of recovering time protects against
arrhythmias, whereas dispersion of recovering time is arrhyth-
mogenic [2, 8].

Thrombolytic therapy has become the basic treatment of
acute myocardial infarction. It is well known that thrombo-
lytic agents improve survival and preserve myocardial func-
tion [9]. In cases of successfully reperfused heart, lower
incidences of early and late mortalities have been demonstrated
as compared with conventionally treated patients [10]. In par-
allel with the improvement in myocardial mechanical func-
tion the electrical stability also developed better [10].

Although QT prolongation could appear in the acute phase
of myocardial infarction [1], and it is known that temporary
QT prolongation during AMI predicts ventricular tachy-
arrhythmias. New data suggest that in AMI the QT disper-
sion demonstrates ventricular instability better than QT pro-
longation [11, 12].

The purpose of our investigation was to compare QT, JT
dispersions in the early hours of AMI in healthy volunteers
and to determine QT, JT dispersions in patients with anterior
and inferior AMI to assess the effect of intravenous streptoki-
nase on the QT, JT dispersions and to compare them to those
of AMI patients without streptokinase treatment on admis-
sion and before discharge [13].

Patients and controls

The data of three groups were analysed: Two groups of ten
patients each with AMI in the Coronary Care Unit of the 1st

Department of Medicine, University Medical School of
Debrecen, and ten normal healthy volunteers were studied.
Ten patients with AMI presented with ST-segment elevation
associated with typical ischaemic symptoms and received strep-
tokinase therapy within 4 hours of symptom onset (Group
A). Standard exclusion criteria included >4 hours duration
of chest pain, hypotension, or uncorrected hypertension, his-
tory of bleeding diathesis, recent surgery or trauma, any pre-
vious cerebrovascular accident or prior coronary bypass sur-
gery. Ten patients were not treated with streptokinase (Group
B). Both groups were on standard cardiac care including se-
rial ECGs, serial creatinine phosphokinase measurements and
use of intravenous nitroglycerine, heparin, lidocaine, beta-
blockers and inotropic support where appropriate. The con-
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Temporary QT prolongation during acute myocardial infarction predicts ventricular tachyarrhythmias. New data suggest
that in acute myocardial infarction and in the pathogenesis of other ventricular arrhythmias the QT dispersion demonstrates
ventricular inhomogeneity and ventricular instability better than QT prolongation. The aim of this study was to assess the
effect of intravenous streptokinase on the QT, JT dispersions and their corrected values during therapy of acute myocardial
infarction.

Twenty patients, 10 patients with acute myocardial infarction treated with streptokinase (Group A), 10 acute myocardial
infarction patients without streptokinase (Group B) and 10 healthy volunteers (Group C) were studied. Simultaneous 12 lead
ECGs were recorded at the time of admission to hospital (day 1) in patients with acute myocardial infarction and prior to
discharge (day 8 ± 2 ) in a standard setting. The QT intervals for each lead were measured manually on the enlarged ECGs (by
a factor 3) using calipers by the same observer. Each QT interval was corrected for patient’s heart rate: QTc = QT/  RR (msec).
There were significantly greater mean QT, QTc, JT, JTc dispersions in Groups A and B in the early hours of infarction com-
pared to Group C (p < 0.05). Patients with anterior myocardial infarction showed significantly greater QT, QTc and JT, JTc
dispersions when compared to inferior myocardial infarction patients (p < 0.02 ). There were significantly greater reductions in
QT, QTc, JT, JTc dispersions at day 8 ± 2 after streptokinase therapy compared to patients who were not treated with streptoki-
nase (p < 0.05).

Successful fibrinolytic therapy results in reduction in QT and JT dispersions. This can be taken into consideration in the risk
stratification for malignant ventricular tachyarrhythmias and it is another evidence of the benefit of thrombolytic therapy in
patients with acute myocardial infarction. J Clin Basic Cardiol 1999; 2: 85–8.
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trol group comprised 10 healthy volunteers (Group C). (Ta-
ble 1). The exclusion criteria for our study were (1) un-
measurable T waves, (2) atrial fibrillation, (3) bundle branch
block, (4) antiarrhythmic drugs which affect the QT interval,
(5) serum potassium level below 3.9 mmol/l or above 5.0
mmol/l.

Methods

In patients with AMI (Groups A and B) simultaneous 12 lead
ECGs were recorded for assessment of QT and JT dispersion
by means of a 12 channel ECG recorder (Hewlett Packard) at
a paper speed of 25 mm/s, within 24 hours of hospital admis-
sion and before discharge. All ECGs were examined by one
observer who was unaware of the patients’ drug and coronary
status. In the healthy control group (Group C) ECG was ob-
tained after a 5-minute resting period, with the patients lying
comfortably in the supine position. For analysis of the QT
and JT intervals, the 12 lead ECGs were enlarged on the same
photostat by a factor of three. The RR, QT and JT inter-
vals for each lead were measured by one observer manually
with calipers. The QT interval was measured from the first
deflection of the QRS complex to the point of the T wave
offset, defined by the return of the terminal T wave to the
isoelectric TP baseline. In the presence of U wave interrupt-
ing T wave, the terminal portion of the visible T wave was
extrapolated to the TP baseline in order to define the point of
T wave offset. If the end of the T wave could not be reliably
determined, the lead was not included in the analysis. JT in-

tervals were measured from J point to the end of the T wave
(Figure 1 and Figure 2). Each QT and JT interval was cor-
rected for patient’s heart rate using Bazett’s formula: QTc =
QT/  RR (msec), where QTc is the corrected QT interval.
QT, QTc and JT, JTc dispersions were defined as the differ-
ences between the minimal and maximal QT or QTc, and JT
and JTc values in each of the 12 leads studied [1, 3, 6].

Statistical analysis
Data were expressed as mean ± SD. Differences in group
means were analysed using the 2-tailed unpaired T-test or
χ-square test. A p-value < 0.05 was considered significant.

Results

The QT and QTc maximal interval, the QT and QTc disper-
sion (mean values and their standard deviations), the JT and

Table 1. Clinical data of different subjects

Group A Group B Group C

Number of subjects 10 10 10
Average age (years) 61±12 63±11 61±14
Range (years) 39–73 44–79 42–74
Male/Female 6/4 5/5 4/6
Heart rate 90±17 79±14 77±13
Measurable leads 6–12 6–12 7–12

Figure 2. The illustrative example of the typical measurement of
JT and QT intervals. It shows the inability to measure the end of T
wave in leads aVR and V6.
I, II, Ill, aVR, aVL, aVF and V1-5 ECG leads

Figure 1. The illustrative example of the typical measurement of
JT and QT intervals
I, II, III, aVR, aVL, aVF and V1-5 ECG leads
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JTc maximal interval, and the JT and JTc dispersions of the
three groups are shown in Table 2. There were significantly
greater mean QT, QTc, JT, JTc dispersions in both Groups A
and B in the early hours of infarction compared to Group C
(p < 0.03).

Patients with anterior AMI showed significantly greater QT,
QTc (88 ± 9, 105 ± 11 versus 73 ± 6, 83 ± 8) and JT, JTc (73
± 9, 86 ± 9 versus 62 ± 10, 70 ± 9) dispersions compared to
postero-inferior AMI patients (p < 0.02 ) as shown in Table
3.

There were significantly greater reductions in QT, QTc,
JT, JTc dispersions at day 8 (SD ± 2) after SK therapy com-
pared to patients who were not treated with SK (p < 0.05).
Successful SK therapy resulted in reduction of QT and JT
dispersions (Table 2).

Discussion

QT and QTc dispersion reduction during treatment of the
acute phase of myocardial infarction showed the effectiveness
of thrombolytic therapy, which was determined before the
discharge from hospital after 8 ± 2 days from onset of AMI
signs. This kind of decrease in QT dispersion and improve-
ment of cardiac repolarization homogeneity could not be dem-
onstrated by Glancy and coworkers [14]. In the acute phase
of myocardial infarction the degree of QT and QTc disper-
sion depends on the localization of myocardial damage. In
patients with anterior AMI larger QT and QTc dispersions
than in patients with inferior AMI could be verified. These
results were found by other authors, too [10, 15]. The effect
of thrombolysis on QT/QTc and JT/JTc dispersion was not
evaluated in subgroups of anterior and inferior AMI because
of the limited number of patients.

Exact spatial dispersion of ventricular myocardium recov-
ery can be determined by invasive methods such as measure-
ment of monophasic action potentials of the left and right
ventricle, and it can also be measured by noninvasive meth-
ods such as surface mapping. Both methods are time con-
suming and require special technical devices, which limit their
use in everyday clinical practice. The QT interval as recorded
on the cheap, simple surface ECG represents the sum of un-
concealed potential differences during ventricular depolari-
zation and repolarization. Previous clinical studies of QT dis-
persions have shown to be increased in patients after acute
myocardial infarction and showed differences between ante-
rior and posterior localization of infarction [6, 10–12, 16].

The cellular basis of QT dispersion is still not fully estab-
lished, but QT variations in surface electrocardiography in
humans have been correlated with epicardial monophasic ac-
tion potential durations [17]. In acute ischaemia and infarc-
tion, multiple ionic and metabolic changes result in marked
electrophysiological inhomogeneity at the cellular level, in
which post-repolarization refractoriness and cellular uncou-
pling are involved in conduction disturbances [18]. Twenty-

four to 72 hours after coronary occlusion, action potential ab-
normalities, and abnormal impulse generation in surviving cell
layers in the border zone of the infarct and in the infarcted
area itself contribute mainly to arrhythmias. In healed inf-
arcted myocardium, changes in intercellular impulse propa-
gation as well as non-uniform anisotropic cardiac tissue play a
major role in the maintenance of arrhythmias. A major factor
leading to the genesis of ventricular arrhythmias during is-
chaemia is the non-uniformity of the electrical refractory pe-
riod, which allows excitation to become fragmental during
the initiating beat. Ischaemia alters refractoriness through its
effects on resting potential and action potential duration. These
effects are non-uniform during regional ischaemia because of
local variations in blood flow and diffusion of substrate and
metabolites across the ischaemic boundary. The instability of
the repolarization process may manifest itself as variability in
duration and/or depolarizations that interrupt action poten-
tial repolarization, and early afterdepolarizations that can ini-
tiate triggered arrhythmias including torsade de pointes ven-
tricular tachycardia. An important additional mechanism for
creating dispersion of the refractory period is alteration of the
action potential duration from beat to beat. Electrical alternans
lead to ischaemia-induced ventricular arrhythmias. Alteration
in action potential duration is associated with spatial and tem-
poral non-uniformities of the intracellular Ca transient. Ab-
normalities in the regulation of cytosolic Ca by the ischaemic
myocardium may be a principal cause of the dispersion of
refractoriness that leads to ventricular fibrillation in acute is-
chaemia. The ischaemic damage may cause local extracellular
hypocalcaemia, resulting in QT interval prolongation [19].
In experimental models of ischaemic damage followed by
reperfusion, damaged myocardial cells take up large amounts
of calcium, which results in subsequent local extracellular hy-
pocalcaemia [20].

Ventricular arrhythmias are frequently seen in patients with
ventricular dysfunction, such as volume or pressure overload,
or dyssynergistic ventricular contraction and relaxation. One
mechanism suggested to cause arrhythmias under these con-
ditions is mechano-electrical feedback, also known as con-
traction-excitation feedback. In patients with acute myocar-
dial ischaemia and/or infarction mechanical stretch may cause
shortening of the action potential duration and may decrease

Table 2. Findings of measured QT, JT dispersions in AMI patients with and without SK treatment

Group A admission Group A after SK Group B admission Group B after Group C
mean ± SD 8±2 days mean ± SD 8±2 days mean ± SD

mean ± SD mean ± SD

QT dispersion (ms) 88±11 59±9 85±11 80±11 39±7
QTc dispersion (ms) 99±14 68±9  96±16*  88±14* 42±8
JT dispersion ( ms) 71±9 49±8 67±13 63±12 42±5
JTc dispersion (ms) 86±10 56±12 76±13 69±13 46±5

p < 0.01, except p < 0.05*

Table 3. Findings of measured QT, JT dispersions in anterior and
postero-inferior AMI

anterior postero-inferior
mean ± SD mean ± SD p-value

n = 12 n = 8

QT dispersion (ms) 88±09 73±06 0.001
QTc dispersion (ms) 105±11 83±08 0.001
JT dispersion (ms) 73±09 62±10 0.020
JTc dispersion (ms) 86±09 70±09 0.001

QT dispersion after thrombolysis



J Clin Basic Cardiol 1999; 2: 88

ORIGINAL PAPERS, CLINICAL

in diastolic membrane potential. In some studies, stretch was
also shown to cause afterdepolarizations, which in turn were
associated with arrhythmias [21, 22].

Autonomic neural mechanisms play a significant role in
the regulation of ventricular repolarization and this process
may itself increase or decrease dispersion of refractoriness.
Heterogeneity of sympathetic innervation is well described in
cardiomyopathy patients and has been correlated with the het-
erogeneity of recovery of excitability [17]. Imbalances in the
sympathetic innervation of the heart in acute myocardial inf-
arction or increased tissue sensitivity to catecholamines can
result in lower thresholds for ventricular fibrillation [23, 24].

Conclusions of present investigation
1) There were significantly greater mean QT, QTc, JT, JTc

dispersions in the early hours of AMI.
2) Patients with anterior AMI showed significantly greater QT,

QTc, JT, JTc dispersions compared to those with inferior
localization of AMI.

3) There were significantly greater reductions in QT, QTc,
JT, JTc dispersions after treatment with SK than without
it.

4) QT and JT dispersions are greatest in the early hours of
AMI and fall with time and successful thrombolysis.

5) These results can be taken into consideration in the risk
stratification for malignant ventricular tachyarrhythmias
and they are another evidence for the benefit of thrombo-
lytic therapy in patients with acute myocardial infarction.

References
1. Schwartz PJ, Wolf S. QT interval prolongation as a predictor of sudden death

in patients with myocardial infarction. Circulation 1978; 57: 1074–9.
2. Kuo CS, Munakata K, Reddy CP, Surawicz B. Characteristics and possible

mechanism of ventricular arrhythmia dependent on the dispersion of action
potential duration. Circulation 1983; 67: 1356–67.

3. Higham PD, Furniss SS, Cambell RWF. QT dispersion and components of
the QT interval in ischaemia and infarction. Brit Heart J 1995; 73: 32–6.

4. Barr CS, Naas A, Freeman M, Lang CC, Struthers AD. QT dispersion and
sudden unexpected death in chronic heart failure. Lancet 1994; 343: 327–9.

5. Day CP, McComb JM, Cambell RWF. QT dispersion: an indication of ar-
rhythmia risk in patients with long QT intervals. Br Heart J 1990; 63: 342–4.

6. Day CP, McComb JM, Matthews J, Cambell RWF. Reduction of QT disper-
sion by sotalol following myocardial infarction. Eur Heart J 1991; 12: 423–7.

7. Hii JTY, Wyse DG, Gillis AM, Duff HJ, Solylo MA, Mitchell LB. Precordial
QT interval dispersion as a marker of torsade de pointes – Disparate effects of
class Ia antiarrhythmic drugs and amiodarone. Circulation 1992; 86: 1376–82.

8. Tomaselli GF, Beuckelmann DJ, Calkins HG, Berger RD, Kessler PD, Law-
rence JH, Kass D, Feldman AM, Marban E. Sudden cardiac death in heart
failure. The role of abnormal repolarization. Circulation 1994; 90: 2534–9.

9. Braumwald E. Heart Disease. Saunders WB, Philadelphia, 1996.
10. Moreno FL, Villanueva T, Karagounis LA, Anderson JL. Reduction in QT

interval dispersion by successful thrombolytic therapy in AMI. TEAM-2 Study
Investigators. Circulation 1994; 90: 94–100.

11. Bashir Y, Farrel T, Camm AJ. Increased QT dispersion in survivors of AMI
who subsequently develop ventricular arrhythmias or sudden death. (abstract)
PACE 1990; 13: 561.

12. Glancy JM, Garratt CJ, Woods KL, de Bono DP. QT dispersion and mortality
after myocardial infarction. Lancet 1995; 345: 945–8.

13. Potratz J, Djonlagic H, Mentzel H, Brandes A, Taubert G, Stierle U, Diederich
KW. Prognostic significance of the QT dispersion in patients with AMI. Eur
Heart J 1993; 14: 254.

14. Glancy JM, Garrat CJ, deBono DP. Dynamics of QT dispersion during myo-
cardial infarction and ischaemia. Int J Cardiol 1996; 57: 55–60.

15. Zaidi M, Robert A. Fesler R, Derwael C, De Kock M, Brochet C. Computer-
assisted study of ECG indices of the dispersion of ventricular repolarization. J
Electrocardiol 1996; 29: 199–211.

16. Perkiömaki JS, Koistinen MJ, Yli-Mayry S, Huikuri HV. Dispersion of QT
interval in patients with and without susceptibility to ventricular tachy-
arrhythmias after previous myocardial infarction. J Am Coll Cardiol 1995; 26:
174–9.

17. Davey PP, Bateman J, Mulligan IP, Forfar C, Barlow C, Hart G. QT interval
dispersion in chronic heart failure and left ventricular hypertrophy: relation to
autonomic nervous system and Holter tape normalities. Br Heart J 1994; 71:
268–73.

18. Yunus A, Gillis AM, Traboulsi M, Duff HJ, Wyse DG, Knudtson NIL, Mitchell
LB. Effect of coronary angioplasty on precordial QT dispersion. Am J Cardiol
1997; 79: 1339–42.

19. Dorogházi RM, Childers R. Time related changes in the Q-T interval in acute
myocardial infarction: possible relations to local hypocalcaemia. Am J Cardiol
1978; 41: 684–8.

20. Shen AC, Jennings RB. Myocardial calcium and magnesium in acute ischae-
mic injury. Am J Pathol 1972; 67: 417–31.

21. Abildskov JA. Effect of activation sequence on the local recovery of ventricular
excitability in the dog. Circ Res 1976; 38: 240–7.

22. Burges MJ, Steinhaus BM, Spitzer KW, Green LS. Effect of activation sequence
on ventricular refractory periods of ischaemic canine myocardium. J Electro-
cardiology 1985; 18: 323–30.

23. Surawicz B. Ventricular fibrillation. Am J Cardiol 1970; 27: 268–87.
24. Weber KT, Pick R, Silver MA, Moe GW, Janicki JS, Zucker IH, Armstrong

PW. Fibrillar collagen and remodeling of dilated canine left ventricle. Circula-
tion 1990; 82: 1387–1401.

QT dispersion after thrombolysis



Mitteilungen aus der Redaktion

Haftungsausschluss

Die in unseren Webseiten publizierten Informationen richten sich ausschließlich an geprüfte 
und autorisierte medizinische Berufsgruppen und entbinden nicht von der ärztlichen Sorg-
faltspflicht sowie von einer ausführlichen Patientenaufklärung über therapeutische Optionen 
und deren Wirkungen bzw. Nebenwirkungen. Die entsprechenden Angaben werden von den 
Autoren mit der größten Sorgfalt recherchiert und zusammengestellt. Die angegebenen Do-
sierungen sind im Einzelfall anhand der Fachinformationen zu überprüfen. Weder die Autoren, 
noch die tragenden Gesellschaften noch der Verlag übernehmen irgendwelche Haftungsan-
sprüche.

Bitte beachten Sie auch diese Seiten:

Impressum  Disclaimers & Copyright  Datenschutzerklärung

e-Journal-Abo
Beziehen Sie die elektronischen Ausgaben dieser Zeitschrift hier.

Die Lieferung umfasst 4–5 Ausgaben pro Jahr zzgl. allfälliger Sonderhefte.

Unsere e-Journale stehen als PDF-Datei zur Verfügung und sind auf den meisten der markt
üblichen e-Book-Readern, Tablets sowie auf iPad funktionsfähig.

 Bestellung e-Journal-Abo

Besuchen Sie unsere
zeitschriftenübergreifende Datenbank

  Bilddatenbank    Artikeldatenbank    Fallberichte

http://www.kup.at/impressum/index.html
http://www.kup.at/impressum/disclaimer.html
http://www.kup.at/impressum/datenschutz.html
http://www.kup.at/cgi-bin/gratis-abo.pl
http://www.kup.at/db/abbildungen.html
http://www.kup.at/db/index.html
http://www.kup.at/db/index.html
http://www.kup.at/abo/index.html

