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Abstract

Objective: The aim of this study was to compare between primary PCI plus thrombectomy and primary PCI
without thrombectomy on QT dispersion in patients presented with acute STEMI.

Methods: Forty-eight patients presenting with acute STEMI who underwent primary percutaneous coronary
intervention (PCI) were enrolled. QTc and QTd were calculated before, and 24 hours after the procedure.

Results: 48 patients (33 males, 15 females) with a mean age of 58.6 ± 11.0 years were evaluated. The results
showed significant reduction in both QTd 80.60 ± 10.14 ms vs. 44.80 ± 9.46 ms; p<0.001 and QTc d 87.00 ± 7.00 vs.
40.40 ± 8.00 ms before and 24 hours after primary PCI. QTd and QTc dispersion values were decreased slightly
more in PPCI plus thrombectomy group than the PPCI alone group but were not statistically significant (p value
0.067 and 0.091) respectively.

Conclusion: Our Study showed that primary PCI was effective in reducing QTc and QTd after 24 h and no
significant difference on QTc and QTd whether thrombectomy used or not. These findings suggest that ischemia-
induced QTd and prolonged QTc are important arrhythmogenic parameters which respond to successful PPCI and
may be used as markers for successful PPCI after 24 h.
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Abbreviations: QTd: QT dispersion; HF: Heart failure; SNS:
Sympathetic nervous system; PPCI: Primary percutaneous coronary
intervention; DM: Diabetes mellitus; Family H: Family history; HR:
Heart rate.

Introduction
The standard way of therapy for patients with ST-segment elevation

myocardial infarction (STEMI) is Primary percutaneous coronary
intervention (PPCI) [1,2]. Impairment of microcirculation due to
distal embolization occur despite of successful recanalization of the
infarct related artery [3,4] Thrombectomy devices are used to remove
thrombus or to prevent embolization of thrombus during primary PCI
In daily practice [5–7].

The definition of QT dispersion (QTd) is that, it is the difference
between the maximal and the minimal values of the QT through the
peripheral and precordial leads [8]. The longer the QTd is the greater
heterogeneity of the ventricular repolarization and predisposed
arrhythmias. Impaired electrical activity after heart failure (HF) causes
heterogeneity of ventricular repolarization and leads to cardiac
arrhythmias. This heterogeneity of ventricular repolarization and
impaired electrical activity is due to myocardial infarction or ischemia.
Opening an occluded coronary artery and revasculrization after
primary PCI, and with reperfusion of ischemic areas, heart's electrical

and mechanical activity is improved and the possibility of
heterogeneity of ventricular repolarization and arrhythmias is reduced
[9].

Studies show that; taking drugs such as sotalol and beta blockers or
use of PCI reduced QTd [10]. The relationship between extent of
myocardial ischemia and QTd has been reported. Roukema et al.
demonstrated a direct correlation between the prolongation of the QT
interval and myocardial ischemia [11]. Repolarization become longer
in myocardial infarction and thus QT in ECG is also longer [12].

Higher QTd after acute myocardial infarction (AMI) was observed
in many studies, Malik et al. showing in their studies that; patients with
anterior AMI had higher QTd compared with other infarct size [13].
The highest values of QTd were found between the 1st and 5th day after
AMI. Successful reperfusion following the PCI in AMI pts resulted in
faster decrease of QTd, than in pts with unsuccessful PCI. Decreased
QTd was reported as regardless of the number of occluded coronary
arteries [13].

All these facts suggest the presence of strong relationship between
acute MI, reperfusion, presence of ischemia, and sympathetic nervous
system (SNS) activity, which provide to different patterns of
repolarization.
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Methods

Patients
The study population included 48 patients who were admitted to the

hospital within 12 h after the onset of acute ST elevation myocardial
infarction (STEMI) with intraluminal thrombus in the infarct-related
artery, and/or ≥ 70% diameter stenosis. Patients with AF or flutter, pre-
excitation, intraventricular conduction abnormalities, ventricular
pacing rhythm, ventricular hypertrophy, cardiomyopathy, cardiogenic
shock, and severe valvular heart disease, electrolyte disturbance,
history of medications that may affect QT (anti-arrhythmic, anti-
psychotic, and anti-depressant drugs) and if QT interval could not be
reliably measured in at least 9 leads were excluded from the study.

After visualization of coronary arteries by coronary angiography,
patients were subjected to either manual thrombectomy additional to
primary PCI or primary PCI groups. Aspiration was terminated if 6
aspiration attempts did not show any visible materials or when
successful aspiration was followed by an aspiration without any debris.
Direct stent implantation was attempted if possible, whereas in the
remaining cases predilatation with an undersized balloon was used
before stenting and in some cases postdilatation with non-complaint
balloon used.

Before intervention, all patients were treated with oral clopidogrel
600 mg or ticagrelol 180 mg, oral aspirin 300 mg, and intravenous
unfractionated heparin 10000 IU. Intracoronary bolus glycoprotein
IIb/IIIa (Gp IIb/IIIa) inhibitor (Eptifibatide) was used according to the
operator’s discretion.

Patients included in the study were divided into two groups
depending on the reperfusion strategy. First group consists of 24
patient's primary PCI with aspiration device, PTCA, and/or combined
with stenting. Second group consists of another 24 patients reperfused
by primary PCI without aspiration device, and with PTCA, and/or
combined with stenting.

QT measurement
QT, QTc and QTd were calculated before, and 24 h after the

procedure. Measurements of QT and RR intervals were manually
performed. QT interval was measured from the beginning of the Q
wave to the end of the T wave. U wave when present, the QT was
measured to the nadir of the curve between the T and U waves. If the
end of the T wave could not be determined clear or if the T waves were
low in amplitude or isoelectric, these leads were excluded from the
study [14]. All patients had a minimum of nine ECG leads that were
measurable, at least four chest leads required for inclusion of the
patient. All of the ECGs were in sinus rhythm.

Statistical analysis
The collected data was, tabulated and statistically analyzed using

Prism [5] software statistical computer package version [5]. For
quantitative data, the range, mean and standard deviation were
calculated. The number and percent distribution was calculated. Chi
square and Fisher exact test were used as a test of significance. P value
<0.05 was considered significance. Continuous variables between the 2
groups were compared with the t test based on the distribution and a P
value of less than 0.05 was considered to be statistical significance.

Results
The population enrolled in this study composed of 48 acute

myocardial infarction patients, 33 were males and 15 were females with
age range between 26 and 75 yrs (mean age was 56.10 ± 8.48 yrs (Table
1)). There were no significant differences between the two groups
regarding demographic and clinical characteristics. There were no
significant differences between groups regarding time from symptom
onset to treatment, the rate of balloon predilatation and stent
implantation were different between groups. Successful coronary
patency was achieved in each case.

Characteristic PPCI with thro (N=24) PPCI without
thro (N=24)

P*
Value

Age (years): Mean ±
SD 58.5 ± 10.0 59.2 ± 9.5 0.8

Male gender, No. (%) 16 (66%) 17 (70%) 0.552

Hypertension, No.
(%) 12 (50%) 14 (58%) 0.522

DM, No. (%) 10 (41%) 11 (45%) 0.708

Dyslipidemia, No. (%) 13 (54%) 14 (58%) 0.822

Smoking, No. (%) 16 (66%) 12 (50%) 0.228

Family H, No. (%) 7 (29%) 8 (33%) 0.379

LV function, EF, % 48.9 ± 8.6 47.0 ± 10.8 0.553

Clopidogrel, No. (%) 24 (100%) 24 (100%) 1

Door to balloon time
(minutes) (mean ±
SD)

80.35 ± 34.30 82.07 ± 33.15 0.997

Balloon predilat, n
(%) 18 (75%) 16 (66.5%) 0.571

Stent implantation N,
(%) 19 (79%) 21 (87.5%) 0.681

Gp IIb/IIIa inhibitor
usage, n 12 (50%) 10 (41%) 0.184

Site of infarction 0.510

Anterior 15 (62.5%) 16 (66.6%)

Inferior 9 (37.5%) 8 (33.4%)

Table 1: Baseline clinical, demographic and angiographic
characteristics in the 2 groups. PPCI=Primary percutaneous coronary
intervention; thro=thrombectomy; DM=Diabetes Mellitus; H=History;
SD= Standard Deviation; predilat=predilatation; GP=Glycoprotein; P*

value considered significant if <0.05.

Table 2 and Figure 1 showed comparison of the HR and QT
intervals of the studied groups before and after PCI regardless of
reperfusion technique. This figure demonstrates that there were no
statistically significant differences regarding HR, QT maximum, and
QT minimum before and after reperfusion PCI (p=0.205, 0.293 and
0.078 respectively). Whereas there was a significant reduction from
admission to 24 hour ECGs in all studied patients treated with primary
PCI or PPCI plus thrombectomy regarding QT dispersion (p<0.001,)
QTc maximum (p=0.035), and QTc dispersion (p<0.001). On the other
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hand, QTc minimum (p=0.027) was significantly increased after 24 h
of PCI.

Variable Before PCI After PCI P* value

HR (b/min) 89.77 ± 21.50 84.30 ± 28.12 0.205

QT max (ms) 389.40 ± 47.62 375.10 ± 45.52 0.293

QT min (ms) 298.40 ± 51.21 320.60 ± 32.60 0.078

QT disp (ms) 80.60 ± 10.14 44.80 ± 9.46 <0.001

QTc max (ms) 460.44 ± 30.10 440.20 ± 34.50 0.035

QTc min (ms) 359.50 ± 23.78 379.06 ± 34.68 0.027

QTc disp (ms) 88.00 ± 7.00 40.40 ± 8.00 <0.001

Table 2: Comparison of the HR and QT intervals of the studied
patients before and after PCI therapies. HR=Heart rate,
max=Maximum, min=Minimum, d=Dispersion, ms=Millisecond, P*

value considered significant if <0.05.

Figure 1: Comparison of the HR and QT intervals of the studied
patients before and after PCI therapies.

PCI according to reperfusion technique (Table 3 and Figure 2)
demonstrates that there was slight reduction in QT (40.20 ± 8.0 vs.
48.00 ± 9.00, p=0.067 and QTc (38.10 ± 7.0 vs. 42.40 ± 10.0, p=0.091)
desperation in group of patient treated with PPCI plus thrombectomy
but did not reach statistically significant difference.

Variable PPCI with thro (N=24) PPCI without thro (N=24) P* value

HR (b/min) 85.44 ± 14.28 86.28 ± 16.14 0.98

QT max (ms) 382.40 ± 44.38 384.20 ± 46.22 0.891

QT min (ms) 306.80 ± 40.88 314.60 ± 40.74 0.511

QTd (ms) 40.20 ± 8.0 48.00 ± 9.00 0.067

QTc max
(ms)

443.44 ± 38.58 445.30 ± 42.12 0.874

QTc min (ms) 366.24 ± 52.30 370.34 ± 30.80 0.742

QTc d (ms) 38.10 ± 7.0 42.40 ± 10.0 0.091

Table 3: Comparison of the HR and QT intervals of the studied
patients after PCI according to technique. HR=Heart Rate,
max=Maximum, min=Minimum, d=Dispersion, ms=Millisecond, P*

value considered significant if <0.05.

Figure 2: Comparison of the HR and QT intervals of the studied
patients after PCI according to technique.

Table 4 and Figure 3 showed that there was significant reduction in
HR after reperfusion in patients presented with inferior MI when
compared with those presented with anterior MI (p=0.030). Also, there
were significant reduction in the QT maximum and QT minimum
after reperfusion in those presented with anterior MI when compared
with those presented with inferior MI (p=0.046 and 0.015,
respectively). There were no significant differences between anterior
and inferior MI at admission regarding QT and QTc measurement.

Variable Anterior MI Inferior MI P value

HR (b/min) 80.40 ± 20.46 90.20 ± 20.28 0.029

QT max (ms) 370.14 ± 20.16 385.82 ± 32.60 0.039

QT min (ms) 316.23 ± 26.18 322.72 ± 40.10 0.046

QT d (ms) 42.62 ± 9.33 40.12 ± 9.12 0.352

QTc max (ms) 438.40 ± 20.17 442.30 ± 40.10 0.595

QTc min (ms) 375.13 ± 29.50 373.42 ± 41.82 0.87
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QTc d (ms) 45.27 ± 10.30 43.34 ± 11.00 0.533

Table 4: Comparison of some ECG data after reperfusion according to
the site of the infarction. HR=Heart rate; max=Maximum;
min=Minimum ; d=Dispersion; ms=Millisecond.

Figure 3: Comparison of some ECG data after reperfusion
according to the site of the infarction regardless to reperfusion
technique.

Discussion
Increased QT dispersion reflects inhomogeneous ventricular

repolarization, which may provide a background for significant
ventricular arrhythmias [15]. Prolonged QT dispersion is associated
with a higher risk of malignant ventricular arrhythmias in patients
with acute myocardial infarction (AMI) [16]. Effective treatment of
acute MI may reduce QT dispersion and ventricular arrhythmias [15].
This present study mainly showed that QT and QTc dispersion values
were decreased slightly more in PPCI plus thrombectomy group than
the PPCI alone group but were not statistically significant (p value
0.067 and 0.091 respectively). 

Thus, by restoration of coronary perfusion, thrombectomy added to
PPCI may reduce the development of malignant ventricular
arrhythmias by ameliorating repolarization heterogeneity.

In patients with acute myocardial infarction, the long QT syndrome
and hypertrophic cardiomyopathy prolonged QT dispersion is
associated with a higher risk of malignant ventricular arrhythmias
[16]. Effective treatment of acute myocardial infarction and ventricular

arrhythmias usually reduce QT dispersion; i.e. successful reperfusion
after thrombolysis as well as revascularization with angioplasty and
CABG, especially concomitant with aneurysmectomy [15,17].

The effect of myocardial ischemia on QT dispersion has been
described in different clinical circumstances. Transient ischemic
episode can prolong QT dispersion. A significant increase in QT
dispersion during acute ischemia induced by repeated balloon inflation
has been demonstrated; it is, however, reversible and decreases on
reperfusion [18,19].

Embolization of the thrombotic material plays a key role in the
pathogenesis of myocardial no reflow phenomena [20]. Also, in
patients treated with primary angioplasty, distal thrombus
embolization leads to reduced myocardial reperfusion, more extensive
myocardial damage, and poor prognosis [21]. During primary PCI
mechanical aspiration from the infarct related artery reduce thrombus
burden and improve myocardial reperfusion and clinical outcomes.
The Thrombus Aspiration during Percutaneous coronary intervention
in acute myocardial infarction Study (TAPAS) showed that the adjunct
of thrombus aspiration may not only improve myocardial reperfusion,
but may also be associated with improved survival at 1 year [22].

Previous studies have demonstrated that QTd is increased in the
early phase of acute STEMI and is reduced after successful
revascularization of the infarct related artery [23,24]. According to the
results of this studies, mechanical reperfusion of the infarct related
artery leading to reduction of QTd and could homogenize the duration
of the ventricular action potential.

QTd after MI is determined by the extent of scarred and viable
myocardium. Increased values of QT dispersion indicate larger
amounts of scarred tissue, whereas shorter QT dispersion values
indicate the presence of a substantial amount of viable myocardium in
the infarct region [25].

During acute MI increased QT dispersion is a well-known finding.
Also, it was found that QT dispersion is significantly greater in patients
with MI who had malignant ventricular arrhythmias than in those
without arrhythmias [11]. Patients with acute MI who developed
ventricular fibrillation (VF) within the first 24 h after admission, QTd
was significantly longer (88 ± 30 msec) than in those without VF (56 ±
24 msec) [26] .

In patients of this study, there was no significant change in QT
maximum and minimum before and after reperfusion, whereas, a
significant change was noticed as regarding; QT dispersion, QTc
maximum, QTc minimum, and QTc dispersion. These findings are
consistent with data reported by Cavusoglu et al., Nikiforos et al. and
Alasti et al. [27-29].

Treatment of acute MI with primary PTCA leads to reestablishment
and maintenance of coronary patency, preserves myocardial function,
and improves survival [30] also, leading to reduction of the
electrophysiological instability so reducing the QT dispersion [31].

Our study showed that successful revascularization of patients with
acute STEMI is associated with a significant reduction in QT
dispersion, these data was coincides with the study performed by
Aydinlar et al. [32], which revealed a reduction in QT dispersion
immediately after PTCA.

Furthermore, there was a significant reduction in the QT dispersion
and QTc measurements before and 24 h after PCI but not in the QT
maximum and minimum interval measurements. These findings are in
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agreement with Alici et al. [33]. They found that these two
measurements (QT maximum and minimum) did not vary
significantly between admission and 24 hours after PCI treatment.

There was a significant reduction in QT and QTc dispersions in
both groups (those treated with primary PCI with thrombectomy
devices and those treated with primary PCI without thrombectomy),
these findings can be related to the higher TIMI 3 flow patency rate
obtained by primary PCI.

This study revealed that QT and QTc dispersions are greater with
anterior MI than inferior MI. It has been reported that QT and QTc
dispersions are dependent on the infarct size and the greater values of
QT and QTc dispersions associated with anterior MI can be explained
by larger infarction [34].

Also, it has been found that significant differences in QT and QTc
dispersions between patients presented with anterior MI and those
presented with inferior MI before and after reperfusion regardless to
reperfusion technique. Our findings were in agreement with a study
conducted by Cavusoglu et al. [27], who observed a significant
reduction of QT and QTc dispersions with reperfusion therapy in both
sites of MI.

Limitation of Study
The first limitation of this study is its small number of patients,

which could reduce the statistical power of results. Second, manual
measurements of QT values raise the possibility of individual bias.
Lastly, medications that may affect QT values calculations could not be
standardized during enrollment of the patients.

Conclusion
Manual thrombectomy added to PPCI causes slight more reduction

in QTd, and this may have a possible beneficial impact on electrical
stability in patients with STEMI. More studies that include a large
number of patients are needed to confirm the value of the findings of
the present one.
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