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Abstract. – OBJECTIVE: T-wave peak to end in-
terval (TPE) is a measure of repolarization disper-
sion, which has been reported as a major arrhyth-
mogenic factor post acute myocardial infarction.The
aim of our study was to investigate the changes in
TPE in this patient population with regard to peri-
procedural intracoronary ECG findings.

PATIENTS AND METHODS: Forty-four patients
(34 male and mean age of 54.9 ± 10.9 years) with
acute STEMI were included. Intracoronary ECG
was performed during primary PCI. TPE indices
were calculated before and after the procedure.
Measurement of the intracoronary ST-segment was
carried out before and just after coronary blood
flow was established in the infarct related artery.
Intracoronary ST-segment resolution (IC-STR) was
defined as ≥≥ 1 mm compared to baseline.

RESULTS: There was no difference with re-
spect to baseline characteristics when patients
with IC-STR were compared with patients with-
out IC-STR. TPE values decreased significantly
after primary PCI in patients with IC-STR (80.9 ±
22.8 ms vs. 65.8 ± 14.4 ms; p < 0.001) whereas
they did not change significantly after PCI in pa-
tients without IC-STR (79.2 ± 20.9 ms vs. 68.5 ±
16.3 ms; p = 0.18). 

CONCLUSIONS: TPE measured from surface
ECG recordings is significantly reduced in STE-
MI patients with successful reperfusion after pri-
mary PCI, as determined by IC-ECG recordings.

Key Words:
STEMI, T peak-T end interval, Intracoronary ECG,

Reperfusion.

Introduction

T-wave peak to end (TPE) interval has been
used to evaluate repolarization in homogeneity in
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several studies, where the peak of the T-wave
marks the end of epicardial repolarization while
the end of the T-wave indicates the end of repolar-
ization of the whole ventricular myocardium1-3. 
QT dispersion was proposed as a marker of

electrical repolarization of the ventricular my-
ocardium in 19944. QT interval and dispersion is
known to be affected with ischemia, various car-
diac procedures and drugs5,6. Animal models have
demonstrated that the TPE interval is more repre-
sentative of transmural dispersion of repolariza-
tion than corrected QT (QTc)6. TPE may possibly
measure electrical dispersion more precisely than
QT, because it focuses on repolarization rather
than depolarization. Effective management of
acute MI may reduce QT interval and QT disper-
sion after successful reperfusion with thromboly-
sis as well as after revascularization with PCI or
coronary bypass surgery8,9. Interpretation of the
extent of ST-segment resolution in acute ST seg-
ment elevation myocardial infarction (STEMI)
patients provides a valuable method in the evalua-
tion of the clinical course. The magnitude of early
resolution of ST-segment elevation on the surface
ECG is a simple, non-invasive marker of the clini-
cal outcomes in STEMI10. 
On the other hand, unipolar recordings of the

intracoronary electrocardiogram (IC-ECG) ob-
tained from the angioplasty guide wire have been
demonstrated to be more sensitive and dependable
in revealing myocardial ischemia during balloon
inflation compared to surface ECG11. IC-ECG has
been demonstrated to be more sensitive and spe-
cific for the identification of the injury suffered by
the myocardium after the procedure compared to
surface ECG in patients with stable coronary
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artery disease (CAD) treated with percutaneous
coronary intervention (PCI)12. It has previously
been demonstrated that IC-ECG may be used as-
sess myocardial viability in acute MI13. IC-ECG
has been compared with surface ECG in terms of
ST segment changes in the setting of elective stent
implantation in order to assess its ability to detect
peri-procedural myocardial injury12. IC-ECG is an
“in-lab” procedure which can be added to standard
evaluation of myocardial injury in STEMI patients
undergoing primary PCI and has been able to pre-
dict myocardial damage in this setting14. 
We speculated that change in a parameter which

can be easily obtained from routine pre- and post-
procedural surface ECG recordings, namely TPE
interval, may have greater relation with IC-ECG
findings compared to surface ECG changes follow-
ing primary PCI in STEMI patients. The aim of our
study was to investigate the changes in TPE interval
in this patient population with regard to peri-proce-
dural surface and intracoronary ECG findings.

Patients and Methods

A total of 44 consecutive acute STEMI patients
were prospectively enrolled in which primary PCI
was indicated according to American College of
Cardiology Foundation/American Heart Associa-
tion (ACCF/AHA) 2013 Guideline for the Man-
agement of ST-Elevation Myocardial Infarction15.
The diagnosis of STEMI was made in patients
with a chest pain duration of at least 30 minutes
and a 12-lead surface ECG demonstrating ST-seg-
ment elevation of > 0.1 mV in ≥2 contiguous
leads. Patients who underwent successful PCI
with stent impantation and TIMI grade 3 flow
post PCI with a door-to-balloon time of < 90 min-
utes were included. Patients with previous my-
ocardial infarction in the same territory, atrial fib-
rillation, left bundle branch block, QRS duration
> 120 ms and aged ≤ 18 years were excluded.   
All patients gave informed consent before in-

clusion in the study, which complies with the De-
claration of Helsinki. The study protocol was ap-
proved by the local Ethics Committee of Istanbul
University, Turkey.

ECG Analysis 

Standard surface ECG
All standard 12-lead ECGs were recorded with

a speed of 25 mm/s and a 10 mm/mV gain. A 12-

lead ECG was obtained before and 60 min after
primary PCI in each patient. TPE interval was
measured using the “Tangent Method”16. The
time in milliseconds from the peak of the T wave
(or nadir in the presence of a negative or biphasic
T-wave) to the intersection between the tangent
at the steepest point of the T-wave downslope
and the isoelectric line was measured on digi-
tized 12 lead ECG recordings using the on screen
digital caliper software Cardio Calipers Version
3.3 (Iconico, Inc, New York, NY, USA). Because
previous studies have postulated that precordial
leads best reflect transmural dispersion of repo-
larization, whereas limb leads best reflect apical-
basal or global spatial dispersion, TPE was mea-
sured from the peak of the T-wave to the end of
the T-wave, using the best available T-wave in
lead V5, a method that has been already de-
scribed16,17. In cases in which V5 was not suitable
for analysis leads, V4 and V6 were measured17.

Intracoronary ECG
A standard 0.014 inch floppy guidewire used

for routine PCI procedures was passed through
the obstruction into a distal position of the in-
farct-related artery. Intracoronary ECG was
recorded before balloon inflation and repeated
immediately after achieving TIMI 3 flow18. The
IC-ECG was performed by connecting the proxi-
mal end of the guidewire to a sterile ECG adap-
tor which was attached afterwards to an ECG
recorder (PageWriter TC50, Phillips Medical
Systems, Andover, MA, USA) with a paper
speed of 25 mm/s and a 10 mm/mV of gain. IC-
ECG recordings were obtained after contrast in-
jections or balloon inflations and care was taken
to refrain from displacement of the guidewire tip
so that the occurrence of artifacts in ST segment
recordings could be prevented. The magnitude of
ST-segment elevation was measured 20 ms after
the end of the QRS complex and recorded to the
nearest 0.5 mm. In order to calculate the mean
ST-segment elevation value, three successive
QRS complexes were analyzed. The resolution of
intracoronary ST segment elevation (IC-STR)
immediately upon achieving TIMI 3 flow was
considered significant if ≥ 1 mm compared to the
baseline ST segment14. 

Coronary Angiography and Stenting
All angiographic data were evaluated by two

cardiologists who were blinded to intracoronary
and surface ECG findings. All patients were
treated with aspirin 300 mg, clopidogrel 600 mg,
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USA). Variables were compared using Mann-
Whitney U test or the chi square test, as appro-
priate and p values < 0.05 were considered to be
statistically significant. 

Results

The study population consisted of 44 patients
with STEMI (34 male, 77%) with a mean age of
54.9 ± 10.9 years who underwent successful pri-
mary PCI. Baseline demographic, clinical and lab-
oratory characteristics of patients were summa-
rized in Table I. Patients were analyzed with regard
to the presence of IC-STR on intracoronary ECG
recordings and change in TPE values after PCI
procedure. There was no difference with respect to
baseline characteristics when patients with IC-STR
were compared with patients without IC-STR.
A total of 31 patients (70.5%) had reperfusion

when IC-STR criteria for reperfusion were uti-
lized. TPE values were significantly reduced af-
ter PCI, in patients with IC-STR (80.9 ms ± 22.8
ms vs. 65.8 ± 14.4 ms; p < 0.001). On the other
hand, TPE values after PCI did not differ signifi-
cantly from baseline when patients without IC-
STR were considered (79.2 ms ± 20.9 ms vs.
68.5 ms ± 16.3 ms; p = 0.18) (Figure 1).

tirofiban (25 µg/kg bolus for 3 minutes followed
by infusion at a rate of 0.15 µg/kg/minute) and
intravenous heparin 70 IU/kg before primary-PCI
as suggested by (ACCF/AHA) 2013 Guideline
for the Management of ST-Elevation Myocardial
Infarction15. The pain to balloon time and the
door to balloon time (time elapsed until the
restoration of TIMI 3 flow) were recorded for
each patient. Coronary diameter stenoses ≥50%
was labeled significant. Transthoracic echocar-
diography was performed in all patients within
24 hours of admission and left ventricular ejec-
tion fraction (LVEF) was estimated using bi-
plane method on two dimensional images. Levels
of high sensitive troponin T, high sensitive C-re-
active protein (CRP), hemoglobin, creatin kinase
MB (CK-MB), glucose, creatinine, potassium,
total cholesterol, low density lipoprotein (LDL)
cholesterol and triglycerides were measured us-
ing blood samples obtained at admission.

Statistical Analysis
Variables were analyzed for the presence of

normal distribution using Shapiro-Wilk test.
Continuous variables were expressed as mean ±
standard deviation or median with interquartile
range. Statistical analyses were performed using
IBM SPSS 21 software (IBM Corporation,

ICR STR ICR STR 
(+) (–)
n: 31 n: 13 p value

Age, y 54.7 ± 11.9 55.5 ± 8.3 0.82
Male, n (%) 28 (85%) 8 (62%) 0.11
Diabetes mellitus, n (%) 4 (12%) 4 (31%) 0.19
Hypertension  n (%) 17 (52%) 5 (38%) 0.42
Smoking, n (%) 24 (73%) 10 (77%) 1.00
Family history, n (%) 16 (48%) 5 (38%) 0.53
LVEF,  (%) 54.3 ± 9.6 55.3 ± 6.9 0.76
Creatinine, mg/dL 1.2 ± 0.41 1.1 ± 0.32 0.83
Hemoglobin, g/dL 13.7 ± 5.3 13.3 ± 1.8 0.64
Low density lypoprotein, mg/dL 120.4 ± 35.9 151.7 ± 39.6 0.03
High density lypoprotein, mg/dL 37.0 ± 8.9 36.4 ± 10.8 0.88
Triglycerides, mg/dL 146.9 ± 90.2 131.8 ± 51.5 0.65

Medical therapy
Acetil salicilic acid, n (%) 31 (100%) 13 (100%) 1.00
Clopidogrel, n (%) 31 (100%) 13 (100%) 1.00
Beta blocker, n (%) 32 (97%) 11 (85%) 0.18
ACEI, n (%) 29 (88%) 10 (77%) 0.38
Statin, n (%) 31 (100%) 13 (100%) 1.00

Table I. Baseline demographic and clinical characteristics of patient groups.

LVEF, Left ventricular ejection fraction; ACE, Angiotensin converting enzyme ınhibitor; ICR STR, Intra Coronary ST resolution.
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Discussion

In this study, we investigated the relationship
between IC-ECG guided reperfusion and an ECG
parameter of ventricular repolarization, namely
TPE interval in STEMI patients undergoing pri-
mary PCI. We have demonstrated that TPE inter-
val is decreased in patients with clinical reperfu-
sion, as demonstrated by resolution of ST seg-
ments in IC-ECG recordings. 
The utility of IC-ECG in the determination of

reperfusion has been investigated previously.
Since the magnitude of the current of injury is af-
fected by the distance of the recording electrode
from the ischemic region, and an electrode
placed on the actual heart surface should be more
accurate than surface ECG leads in demonstrat-
ing ischemic ST-segment changes18. Uetani et al12

have shown that IC-ECG is more sensitive than
surface ECG in discriminating patients with peri-
procedural myocardial injury. They have demon-
strated that IC-ECG shows significantly higher
sensitivity for positive troponin T compared to
surface ECG, in patients undergoing elective PCI
for stable CAD. Long QT interval measured
from surface ECG has been previously demon-
strated to be related with risk of sudden death in
acute myocardial infarction patients19. 
The TPE interval is a measure of the difference

between the end of the shortest and the longest pe-
riods of ventricular repolarization7,20. The duration
of action potential has been found to be longer in
the midmyocardial M cells compared to other my-
ocardial cells. Repolarization is known to be com-
pleted first in the epicardial cells. The peak of T
wave is a representation of the end of the epicar-

dial action potential, whereas the end of T wave
signifies the end of the midmyocardial action po-
tential. TPE is a reflection of transmural disper-
sion of repolarization21. TPE is known to be
lengthened in acute coronary syndromes including
ST- and non–ST-elevation myocardial infarction22.
In a study by Haarmark et al23, long TPE predicted
mortality in 101 STEMI patients undergoing PCI.
In that study, TPE pre-PCI, but not post-PCI, pre-
dicted patient survival. It was demonstrated that
decrease in TPE was more pronounced in patients
who died after the index MI. Authors have ex-
plained this discrepancy by stating that increased
TPE has represented a temporary arrhythmogenic
substrate in non-survivors that was resolved, in
part, by reperfusion and that the interval subse-
quently has shortened and became comparable
with TPE in survivors. In a recent study by Eslami
et al24, TPE interval was found to be reduced by
primary PCI and has been suggested to be used as
a potential marker for successful reperfusion. In
concordance with their findings, we have demon-
strated that TPE decreases significantly in patients
with successful reperfusion. Moreover, we have
shown that this was not the case in patients with-
out significant ST segment resolution in intracoro-
nary ECG recordings. 
Effective management of acute myocardial in-

farction may reduce repolarization parameters af-
ter successful reperfusion. To the best of our
knowledge, the current study is the first to
demonstrate the relation between TPE and ST
segment recovery on intracoronary ECG during
primary percutaneous coronary intervention for
STEMI. Larger trials are needed to correlate our
findings with long-term outcomes.

Figure 1.
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Conclusions

TPE measured from surface ECG recordings is
significantly reduced in STEMI patients with
successful reperfusion after primary PCI, as de-
termined by IC-ECG recordings. The relevance
of this finding to clinical outcomes and the clini-
cal usefulness of this simple bedside parameter
remain to be determined with further studies.
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