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Abstract

Background: St-elevation myocardial infarction (STEMI) is a serious condition that occurs when the blood flow to one or more
coronary arteries is blocked, leading to damage or death of the heart muscle (myocardial injury or necrosis). The present study aimed
to compare QTc and QTd intervals in patients with STEMI before and 90 minutes after treatment in Booali Sina Hospital, Qazvin,
Iran.

Methods: The present study is an analytical cross-sectional study. Between March 2021 and 2022, 107 patients administered to
Booali Sina Hospital, Qazvin, Iran, due to STEMI who underwent primary PCI were enrolled in the study. Data including age, sex,
height and weight, disease history, QTc interval before and 90 minutes after treatment, QTd before and 90 minutes after treatment and
Ejection fraction values were extracted from the patient's files. Then, the relationship between change in QT and QTd after treatment
with response to treatment based on ST Resolution was evaluated. SPSS 20.0 statistical program was used for the statistical analysis.
All values are given as mean+ standard deviation (SD). A p-value of less than 0.05 was considered as significant.

Results: The observed mean difference in investigated variables of patients, including age, height, weight, and BMI, was not
statistically significant between the two groups (response to treatment and non-response to treatment (P > 0.05). Findings
demonstrated that the mean QTd 1 in the response to the treatment group was higher compared to the non-response to the treatment
group, and this difference was not statistically significant (P = 0.337). It is remarkable that the mean QTd 2 in the response to
treatment group was statistically significantly lower than the non-response to treatment group (P = 0.002).

Conclusion: We showed that QTd in the studied patients after primary angioplasty reduced significantly compared to the QTd
before the treatment, so the QTd can be considered as a noninvasive measure of the response to the treatment in patients with STEMI.
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Introduction

Cardiovascular diseases (CVDs) are the leading cause
of death globally, posing a significant threat to public
health. The most common manifestation of CVDs is acute
myocardial infarction (AMI), which occurs when the cor-
onary arteries become blocked, either completely or par-
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tially, due to coronary artery disease. This blockage pre-
vents blood from reaching the heart muscle, leading to
potentially life-threatening consequences. Therefore, is-
chemic reperfusion is the most important treatment for
patients with ST-elevation myocardial infarction (STEMI)

tWhat is “already known” in this topic:

Primary PCI is the essential treatment for patients with STEMI.
The recommended method for evaluation of response to treatment
is ST resolution in ECG after primary PCI. It is clear that QT
changes by ischemic event before and after primary PCL

— What this article adds:

We tried to find the change in the QT and QTd after primary PCI
in patients with STEMI based on the response or no response to
primary PCI.

Our research revealed that QTd decreased in patients who respond
to Primary PCI, so it can be a marker for response to treatment.
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(1, 2). Fibrinolysis, which involves the administration of
fibrinolytic drugs such as streptokinase and primary per-
cutaneous coronary intervention (PCI) are two treatment
options that aim to restore blood flow to ischemic tissues.
(3). In patients with STEMI, ST-segment resolution
(STR%) and myocardial blush grade (MBG) are the pri-
mary reperfusion parameters that have been shown to be
crucial in determining the prognosis of these patients (4-
7).

In addition, QT interval dispersion (QTd) on electrocar-
diogram (ECQG) is an important diagnostic criterion to
evaluate the heterogeneity of ventricular repolarization in
patients with STEMI, providing valuable information
about the risk of arrhythmias and cardiac mortality(8).
QTd is the difference between the longest and shortest QT
intervals measured on a 12-lead ECG (9). The QT interval
represents the time from ventricular depolarization to re-
polarization in the ECG.Furthermore, these arrhythmic
events can be followed by sudden death, implying that a
prolonged QT interval is a significant cardiovascular risk
factor (10-13). AMI has been shown to increase the varia-
bility in the process of repolarization (repolarization het-
erogeneity) (13), and the QTc interval begins to shorten
following successful reperfusion (14-16). There is a lack
of research on the changes in the QTc¢ in the early period
after revascularization following an AMI.

A study by Roukema et al. found a direct relationship
between the QTd and the presence of MI. So, according to
the study, ischemia increases the time it takes for the heart
muscle to recover from an electrical impulse (repolariza-
tion time), which in turn leads to a prolongation of the QT
interval on an ECG (17). So, according to previous stud-
ies, it has been found that, specifically, the QTd is signifi-
cantly higher in patients with coronary artery stenosis
when measured immediately after exercise testing
(>50%). (18). According to Alasti et al.'s 2010 study, the
researchers investigated the effect of Percutaneous Coro-
nary Intervention (PCI) on QT dispersion in 96 patients.
They took ECG recordings from the patients before PCI
(pre-procedure) and 24 hours after PCI (post-procedure).
The researchers calculated various ECG parameters, in-
cluding Duration of QRS, QT interval, QT dispersion,
Modified QT dispersion, JT interval (a measure of the
time it takes for the heart to recover from an electrical
impulse), Modified JT dispersion (a modified measure of
JT dispersion). The results showed a clear difference be-
tween the pre-procedure and post-procedure ECG record-
ings in terms of Duration of QRS, Modified QT disper-
sion and Modified JT dispersion (19). This suggests that
PCI had a significant effect on these ECG parameters,
which may be related to changes in the electrical activity
of the heart or the recovery process after PCI.

Because it is very important to evaluate the effective-
ness of revascularization therapy in patients with MI in
order to guide the subsequent management and evaluate
the prognosis (20). Our study aimed to compare QTc and
QTd intervals in patients with STEMI before and 90
minutes after therapeutic intervention in Booali Sina Hos-
pital, Qazvin, Iran.
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Methods

The present study is an analytical cross-sectional study.
Between March 2021 and March 2022, 107 patients ad-
ministered to Booali Sina Hospital, Qazvin, Iran, due to
STEMI who underwent primary PCI, were enrolled in the
study.

All patient information was collected and recorded us-
ing the medical files. The combination of acute anginal
chest pain and ST elevation on an ECG was used to diag-
nose STEMI. The sample size based on Harris et al.'s
study (21) was obtained from 55 samples, with a 95%
confidence interval and the test power of 80%, and for the
average QT interval with the values of 32.1+33.6 and
50.86+36.1.

The inclusion and exclusion criteria of the study were as
follows: patients diagnosed with STEMI who were candi-
dates for primary PCI were considered as inclusion crite-
ria. Exclusion criteria also include patients diagnosed with
MI without ST-segment elevation, having a previous his-
tory of STEMI, taking drugs that prolong the QT interval
(such as antiarrhythmic drugs type III, 1A, IC (such as
amiodarone, flecainide) macrolides, methadone), patients
with a history of kidney failure or heart failure, having
electrolyte disorders that affect the QT interval.

Data including demographic data (age, sex), anthro-
pometry (height and weight), disease history, QTc (QT
corrected) interval before and 90 minutes after treatment
(which named QTc 1 interval, QTc 2 interval) and QTd
(QT dispersion) before and 90 minutes after treatment
(which named QTd 1 and QTd 2), and Ejection fraction
(EF) values after treatment was extracted and recorded
from the patient's files.

In the present study using two criteria for response to
treatment: the first is one is the percent decrease in ST-
segment elevation after primary PCI and the second one is
the TIMI FLOW score after primary angioplasty. If the
reduction of the ST segment is more than 50%, it means a
successful response to the treatment, and if the reduction
of the segment is less than 50%, it means no response to
the treatment (22). Another measure of response to treat-
ment is the TIMI Flow score after angioplasty in angi-
ography films, which is divided into 4 groups based on the
angiographic evidence of patients: TIMI Flow 0 means no
blood flow after occlusion; TIMI Flow 1 means penetra-
tion of blood flow through the occlusion without estab-
lishing blood flow after the occlusion; TIMI Flow 2 means
relative establishment of blood flow; and TIMI Flow 3
means complete establishment of blood flow (23). We did
not use the TIMI score to divide patients into response and
non-response to treatment groups but we used this criteri-
on just for comparing to the ECG criterion for response
and non-response to treatment.

Then, the patients were divided into 2 groups by the re-
sponse to primary angioplasty based on a decrease of
more than 50% ST elevation in ECG.

Patients who had more than 50% ST elevation resolu-
tion in ECG 90 min after primary angioplasty were put in
response to the treatment group, and other patients who
did not meet these criteria were considered as non-
response to treatment.
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The QTec interval is considered prolonged if it is greater
than 440 ms in men and 460 ms in women (24). To deter-
mine the QT interval in the ECG of the patients, the be-
ginning of the Q wave to the end of the T wave was meas-
ured in all leads, and the highest QT value measured was
corrected and recorded using Hodges formula: QTC = QT
+ 1.75 (heart rate — 60). Then, the QTd value was calcu-
lated as the difference between the lowest measured QTc
interval and the highest QTc interval in the ECG. Normal
QTd is between 10-71 and values above 100 are consid-
ered completely abnormal QTd (25).

The statistical analysis was performed using SPSS 20.0
software.The results are presented as mean =+ standard
deviation (SD). To compare the mean values of continu-
ous variables between the two groups, the t-test and the
chi-square tests were used. The level of significance was
set at 0.05, which means that any p-value less than 0.05 is
considered statistically significant.

Results

In this study, 107 patients admitted to Booali Hospital
with the diagnosis of STEMI who underwent primary an-
gioplasty were investigated. The mean age of study partic-
ipants who did not respond to treatment was 57.94 + 7.60
years, and those who responded to treatment were 57.82 +
2.22 years. Out of 107 studied patients, 11 women
(10.28%) and 96 men (89.71%), 3 women (27.3%) and 15
(15.6%) men did not respond to treatment. According to
the data analysis, there was no significant relationship
between the response treatment and the gender of the stud-
ied patients (P = 0.391). In addition, the observed mean
difference in investigated variables of patients including
age, height, weight, and BMI, was not statistically signifi-
cant between the two groups (P > 0.05) (Table 1).

The mean QTc 1 interval in the response to the treat-
ment group was lower compared to the non-response to
treatment group, and this difference was not significant (P
= 0.442). Although the mean QTc 2 interval in the non-

response to treatment group was lower compared to the
response to treatment group, this observed mean differ-
ence was not significant (P = 0.698). In addition, the mean
QTd 1 in response to the treatment group was higher
compared to the non-response to treatment group, whereas
this difference was not significant (P = 0.337). It is re-
markable that the mean QTd 2 in response to treatment
group was statistically significantly lower than the non-
response to treatment group (P = 0.002) (Table 2).

It was also found that the mean EF after primary PCI
was higher in patients who responded to treatment com-
pared to patients who did not respond to treatment, and
this mean difference was not significant (P = 0.615). The
findings showed that all patients with TIMI Flow grade 1
and 6 out of 42 patients with a TIMI Flow grade 2 did not
respond to treatment. Whereas all patients with a TIMI
Flow grade 3 responded to treatment. As Table 3 depicts,
a significant difference was found between TIMI Flow
and response to treatment (P = 0.001).

The results of the study showed that 10 of 61 (16.4%)
patients with anterior MI did not respond to treatment, and
8 out of 44 (18.2%) patients with inferior MI did not re-
spond to treatment. However, both patients with lateral
infarction responded to the treatment. Overall, findings
showed that there is no significant relationship between
the location of MI and the response to the treatment (P =
0.790) (Table 4).

Among the studied patients, 39 (36.4%) patients with
hypertension (HTN), 25 (23.4%) patients with diabetes
mellitus (DM), 13 (12.1%) patients with dyslipidemia
(DLP), 7, 7 and 3 patients respectively, didn’t respond to
treatment. As Table 4 depicts, no significant difference
was found am between the mentioned underlying diseases
and the response to treatment (P = 0.505, P = 0.080, and
0.456, respectively).

Discussion
The present study found that QTc decreases after treat-

Table 1. Comparison of mean demographic characteristics of patients in response to treatment based on ST Resolution

Variable ST Resolution Number of patients Mean = SD P-value
Age <50% 18 57.94 +7.60 0.960
> 50% 89 57.83+12.22
Height <50% 18 171.06 £ 6.16 0.077
> 50% 89 173.84 £ 6.00
Weight <50% 18 80.06 + 10.90 0.562
> 50% 89 81.54+£9.65
BMI <50% 18 2722 +£2.18 0.592
> 50% 89 2691 +2.24
> 50%: successful response to treatment; < 50%: no response to treatment
Table 2. Comparison of mean QTC, QTD, and EF in response to treatment based on ST Resolution
Variable ST Resolution P-value
<50% >50%
Mean (SD) Mean (SD)
QTc 1 419.30 £36.37 411 .28 £40.85 0.442
QTc 2 402.77 £33.14 406.71 +£10.09 0.698
QTd 1 87.08 +24.91 97.66 +21.96 0.337
QTd 2 106.73 + 32.65 83.11+27.98 0.002*
EF 37.50 + 8.95 38.60 + 8.29 0.615

QTec 1 interval: QTc interval before treatment; QTc 2 interval: QTc¢ interval 90 minutes after treatment; QTd 1: QT d interval before treatment; QTd 2: QTd 90 minutes

after treatment
> 50%: successful response to treatment; < 50%: no response to treatment
EF: Ejection Fraction
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Table 3. Comparison of frequency and percentage of TIMI flow grade response to treatment based on ST Resolution

TIMI flow grade ST Resolution P-value
<50% >50%
Freq.(%) Freq.(%)
Grade 1 12 (100) 0 0.001*
Grade 2 6(14.3) 36 (85.7)
Grade 3 0 53 (100)

> 50%: successful response to treatment; < 50%: no response to treatment

Table 4. Comparison of frequency and percentage of infarct location and underlying diseases of patients in response to treatment based on

ST Resolution

Variable ST Resolution P-value
<50% >50%
Freq (%) Freq (%)
Region of MI Anterior 10 (16.4) 51(83.6) 0.790
Inferior 8(18.2) 36 (81.8)
Lateral 0 2 (100)
HTN No 11 (16.2) 57 (83.8) 0.505
Yes 7(17.9) 32 (82.1)
DM No 11(13.4) 71 (86.6) 0.080
Yes 7 (28.0) 18 (72.0)
DLP No 15 (16.0) 79 (84.0) 0.456
Yes 3(23.1.7 10 (76.9)

AMI: Acute myocardial infarction; HTN: Hypertension; DM: Diabetes Mellitus; DLP: Dyslipidemia

ment in both groups (response to treatment and non-
response to treatment) but without statistical significance.
Specifically, QT dispersion before treatment was lower in
the non-response to treatment group compared to the re-
sponse to treatment group, but after the treatment, there is
a significant reduction in response to treatment group
compared to the non-response to treatment group. There-
fore, our data provide that QT Dispersion changes can be
considered in patients with STEMI as a measure of re-
sponse rate to treatment.

QTd is described as the difference between the longest
(QTmax) and shortest QT interval (QTmin) with standard
12-lead surface ECG recordings of the patients, which is
proposed as a marker of ventricular repolarization inho-
mogeneity (26). According to Gokhan et al.'s study (8) QT
prolongation in the ECG represents a non-uniform and
delayed repolarization recovery in regions of infarction or
ischemia. During ischemia, the underlying fundamental
mechanism elevates extracellular potassium levels, caus-
ing anoxia and acidosis. In addition to QT prolongation,
these conditions (myocardial infarction, cardiomyopathy,
and arrhythmias) can also cause other electrical changes in
the heart cells, including reduction in membrane excitabil-
ity, shortening of action potential duration, and prolonga-
tion of recovery of excitability following an action poten-
tial (27, 28).

Worldwide, primary angioplasty has been suggested as
the best reperfusion strategy for most patients with AMI
when it can be performed within less than 90 (120) min
after first medical contact because it ensures reperfusion
of the infarct-related coronary artery more than 90% (29).

Previous studies have reported that QTd increases in the
early phase of STEMI and decreases significantly after
successful recanalization of the infarct-related artery (27,
28). Based on our observations, we demonstrated a signif-
icant reduction of QTd, which reflects homogeneous my-
ocardial repolarization and could help to reduce the mor-
tality rate in the subjects.
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In accordance with these reports, our data demonstrated
a significant reduction in QTd in response to treatment
group compared to non-response to treatment group. Ali et
al. demonstrated similar findings (reduction in QTd) after
rheolytic thrombectomy in AMI (30). QTd after MI is
characterized by the size of the scar and myocardial via-
bility. In line with the present research, Lopes et al. (31)
found that thrombolytic therapy significantly reduced QTd
in patients with STEMI who underwent successful throm-
bolysis. The QTd was significantly shorter compared to
those who did not receive thrombolytic therapy. In addi-
tion, Ornek et al. (32) and Mulay et al. (33) reported that
QTd decreases significantly after successful recanalization
of the infarct-related artery in the 1st week of admission.

Increased QT dispersion values reflect larger amounts
of scarred tissue in the infarct region, whereas low QT
dispersion values present a substantial amount of viable
myocardium (34). The present study focused on STEMI
patients with achievement of TIMI flow grades I, II, and
III. Establishing the patency of the infarct-related artery
by primary angioplasty can help to restore blood flow to
the affected area of the heart, reducing the risk of regional
myocardial ischemia, thereby causing complete STR (STR
>50%) in patients. The findings of the study showed that
TIMI flow grades III were associated with STR >50%
values compared to TIMI flow grades 0 and I, II. Thus,
the degree of ST resolution reduction is influenced by the
reperfusion status of the infarcted artery.

Moreover, there were no significant differences between
the location of MI and underlying diseases (HTN, DM,
and DLP) and response to therapy in patients with STEMI
in included patients of the present study.

The present study had limitations, such as a relatively
small sample size, so the findings could be confirmed by
further studies in larger groups. In addition, as the ECG
tests were done 90 minutes after the treatment, it is possi-
ble that the reduction of QTd may require more time, so it
is suggested that these tests be performed in the patient's
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ECG at longer intervals.

Conclusion

We showed that QTd in the studied patients after angio-
plasty reduced significantly compared to the QTd before
the treatment, so the QTd can be considered as a noninva-
sive measure of the response to the treatment in patients
with STEML.
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