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Baseline predictors of pathological Q waves and their
associations with different angiographic findings in patients with
ST- segment elevation myocardial infarction treated by primary
percutaneous coronary intervention

Amr Youssef Hassan*, Talaat Al Hachem, Mohamed Al Ramly, Hussien Heshmat Kassem

Cardiovascular Medicine Department, Cairo University, El Saray Street Manial, El Manial, Cairo, 11956 —Manial, Egypt

Objective: Q waves on the electrocardiogram (ECG) of patients presenting with ST-segment elevation myocardial infarction
(STEMI) was an independent predictor of adverse clinical outcomes.

Aim of the study was to determine baseline predictors in patients who are likely to develop Q waves and their association with
different angiographic findings.

Methods: Standard 12-lead ECG was recorded in 262 STEMI patients treated with primary percutaneous coronary intervention
(PCI). An ECG was scored as Q-wave Ml according to the “classic” criteria. Demographic, clinical data, and different angiographic
findings were recorded for patients who had primary PCl strategy.

Results: Q waves were identified in 121 patients (46%). Both dyslipidemia and time from symptoms onset to intervention were
independently and positively correlated with presence of Q wave (OR: 1.8, 95% Cl 1.09 - 2.7, p = 0.04 for dyslipidemia), (OR: 1.35,
95%Cl 1.09-1.67, p = 0.002 for time from symptoms onset). Patients with Q waves were more likely to have thrombus grade lI
-1V (OR: 1.4,95% Cl 1.10 - 1.60, p = 0.009) and TIMI flow grade < lll (adjusted OR: 0.89, 95%Cl 0.81 - 0.98, p=0.04). Dyslipidemia
was an independent predictor for no reflow (p= 0.03). Diabetes and time from symptoms onset were independent predictors
for thrombus grade IlI-IV (p = 0.007 and p=0.003 respectively).

Conclusion: Among STEMI patients, both dyslipidemia and time from symptoms onset to intervention were independent
predictors for development of Q waves. The presence of Q waves was strongly associated with heavy thrombus burden at time
of intervention and TIMI flow grade < Ill after primary PCI.

Key words: Electrocardiogram, Q wave, ST-elevation myocardial infarction, primary percutaneous coronary intervention,
predictors, TIMI flow, coronary thrombus, time to intervention, logistic regression analysis, observational study

(Heart Vessels Transplant 2025; 9: 152-8. doi: 10.24969/hvt.2024.557)

Introduction Over the years, there have been several definitions of Q waves.
Earlier, pathological Q-wave was defined as wave with more
than 0.04 sec of duration and with an amplitude of more
than 25% of the corresponding R-wave (2-4). Consensus
documents in 2007 redefined the ECG criteria again: (1) Any
Q-wave in leads V2 -V3 = 20 msec or QS complex in leads V2
and V3 (2); Q-wave =30 msec and >0.1 mV deep or QS complex
in leads |, II, aVL, aVF or V4 -V6 in any 2 leads of a contiguous
lead grouping (I, aVL,V 6;V 4 -V 6; I, lll, and aVF);

The electrocardiogram (ECG) plays an integral role in the
diagnosis of myocardial infarction (MI), due to universal
availability and low costs. Patients are stratified in the acute
coronary syndrome setting into ST-segment elevation
myocardial infarction (STEMI) or non-ST segment elevation
myocardial infarction based on presenting ECG. Pathological
Q waves may develop after acute setting and were considered
as classic ECG sign of necrosis (area of myocardium that
cannot be depolarized) (1).
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(3) R-wave =40 msec in V1 -V2 and R/S =1 with a concordant
positive T-wave in the absence of a conduction defect (5).

Q waves on the (ECG) of patients presenting with STEMI was
an independent predictor of adverse clinical outcomes (6-
8). However, there is a limited evidence about association
of pathological Q wave in patients with Ml and different
angiographic outcomes. In addition, baseline predictors in
patients who likely develop Q waves are incompletely defined.

The aims of this study were to identify predictors of Q-wave
development among patients undergoing primary PCl due
to STEMI and assess whether there is an association between
development of Q waves on ECG and different angiographic
findings during primary PCl procedure.

Methods
Study design and population

This was a prospective, historical, single center, cohort
study that was conducted on patients presenting with
STEMI undergoing primary PCl. Patients age = 18 years who
presented within 12 hours after the onset of symptoms and
who had ST-segment elevation = 1T mm in > 2 contiguous
leads.

Posterior myocardial infarction (MI) was considered in
presence of ST-segment depression > 0.5 and tall R waves
(Q wave equivalent) in V1-V3. These findings were confirmed
by the presence of ST elevation and Q waves in the posterior
leads (V7-9).

doi: 10.24969/hvt.2024.557

Exclusion criteria:

1. Patients with uninterpretable presenting ECG (paced
rhythm, missing ECG or left bundle branch block);

2. Pseudo-q wave (E.g., Left Ventricular Hypertrophy);
3. History of prior Ml;

4. History of prior revascularization (PCl or Coronary artery
bypass graft).

A written informed consent was obtained from all eligible
patients. This study was approved by Kasr al Ainy Ethics
Committee in accordance with Declaration of Helsinki.

Baseline variables

All patients were evaluated by clinical assessment, laboratory
tests (including cardiac enzymes), echocardiography at
baseline, and on discharge.

For all eligible patients, detailed history and clinical
examination was performed with special emphasis on:

1.Risk factors for cardiovascular diseases:

-Hypertension: It was defined as elevation of arterial systolic
blood pressure (SBP) > 140 mmHg and/or diastolic blood
pressure (DBP) > 90 mmHg on two or more properly measured
seated blood pressure readings on two or more office visits or
patients who were taking anti-hypertensive medications (9).

-Diabetes mellitus (DM): It was defined as 8 hours fasting
plasma glucose = 6.99 mmol/l, 2-h plasma glucose > 11.1
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mmol/l during an oral glucose tolerance test, symptoms of
DM and casual plasma glucose = 11.1 mmol/I or patients who
were taking anti-diabetic medications (10).

-Dyslipidemia: It was defined as total cholesterol > 11.1 mmol/I
or low-density lipoprotein - cholesterol (LDL-C) = 7.21 mmol/I
(11). Complete lipid profile was obtained after admission (12).

-Current smoking: Current smoking was defined as smoking
within one month of recruitment.

-Peripheral vascular disease: History of chronic lower limb
threatening ischemia, previous acute limb ischemia, previous
peripheral revascularization.

-Cerebrovascular accident: Previous stroke, transient ischemic
attacks.

2.Heart rate (HR), systolic blood pressure, diastolic blood
pressure (in supine position).

3.Current medications if the patient was kept on medical
treatment.

ECG analysis

All patients underwent 12-lead ECG recordings. The definition
of Q waves was based on the earlier definition of pathological
Q wave defined as wave with more than 0.04s of duration and
with an amplitude of more than 25% of the corresponding
R-wave (2-4).

In this study, presenting ECGs were analyzed for presence
or absence of Q waves and correlated with different clinical
predictors and angiographic findings.

Coronary angiography data

For all eligible patients, Adequate pre-procedure and post-
procedure angiographic data were obtained with special
emphasis on:

-Symptom to balloon time (STB) were calculated for all
patients.

-Coronary angiography and PCl were done through the
femoral or radial approach.

-All patients received the following regimen: (1) Clopidogrel
600 mgq initial dose followed by a maintenance dose of 75 mg
once daily or ticagrelor 180 mg loading dose orally followed
by a maintenance dose of 90 mg twice daily (2); aspirin 300
mg followed by 75 — 100 mg/day; (3) During the procedure
patients received unfractionated heparin (70-100 1U/kg).

-Diagnosis of culprit coronary artery: Left main vessel, left
anterior descending coronary artery, left circumflex coronary
artery, obtuse marginal, right coronary artery, posterior
descending coronary artery, and posterolateral branch
involvement.

-Need of glycoprotein llb/llla inhibitor (eptifibatide): in cases
of slow flow, no reflow, heavy thrombus burden.

-Obstructive coronary artery disease was defined as a = 50%
stenosis in the coronary artery lumen.
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Angiographic outcome

Thrombus burden (TB) was graded (G) as GO = no thrombus,
G1 = possible thrombus, G2 = small [greatest dimension <
1/2 vessel diameter (VD)], G3 = moderate (> 1/2 but < 2VD),
G4 = large (= 2VD), G5 = unable to assess TB due to vessel
occlusion. In patients with G5 thrombus, burden score was
calculated after passage of wire or small non-inflated balloon
through the lesion (13). Thrombolysis in myocardial infarction
(TIMI) flow rate was assessed at the end PPCI (14).

No-reflow was defined as inadequate myocardial perfusion
through a given segment of the coronary circulation without
angiographic evidence of mechanical vessel obstruction (15).

Statistical analysis
Sample size calculation

Based on previous studies and clinical experience, we
predicted proportions of occurrence of the primary variables.
For a desired power of 0.85 and a Type | error rate of 0.05, we
enrolled 260 participants.

We used for sample size calculation (OpenEpi: Open-Source
Epidemiologic Statistics for Public Health, Version 3.01. www.
OpenEpi.com, updated 06/04/2013).

Data analysis was performed using the SPSS 25.0 statistical
package for Windows (SPSS Inc., Chicago, Ill, USA).Continuous
variables, reported as the mean and standard deviation and
were compared using a 2-sample Wilcoxon rank sum test.
Categorical variables, reported as a percentage of the total,
were compared using a Pearson Chi-square tests.

To determine which patient characteristics were correlated
with Q waves, odds ratios (ORs) were calculated. A multivariate
logistic regression model was performed including baseline
characteristicstodetermine which variables areindependently
associated with Q wave development.

A logistic regression model was performed to determine the
association between Q waves and different angiographic
findings and another model was performed to determine
association between different baseline characteristics and
different angiographic findings. A p-value < 0.05 was regarded
as statistically significant.

Results

Three hundred and seventeen STEMI patients were enrolled.
Two hundred and sixty-two patients were eventually included
in the study as shown in Figure 1.

The mean age of patients was 54 (10) years. Eighty four percent
of the recruited patients were males. Dyslipidemia represents
the most common risk factor among half of the study patient
population.

Baseline patients characteristics and correlates of Q wave
development

A total of 121 patients (41%) had a Q wave identified
among 262 recruited patients. Table 1 summarized baseline
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patients characteristics stratified by the presence of Q waves.
Both dyslipidemia and time from symptoms onset were
independently and positively correlated with the presence of
a Q wave (adjusted OR: 1.8, 95% confidence interval [CI]: 1.09
- 2.7, P = 0.04 for dyslipidemia, (adjusted OR: 1.35 per 10 hrs,
95% Cl: 1.09-1.67, P = 0.002). Patients with Q waves were more

likely to have higher heart rate compared to STEMI patients
without pathological Q waves (p= 0.003). Other variables as
age, Gender, Hypertension, prior cerebrovascular accident,
and systolic blood pressure were not statistically different
between both patient groups.
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Figure 1. Diagram of enrolled patients

Angiographic findings and their association with Q wave
development

Angiographic characteristics stratified by Q wave are shown
in Table 2. Patients with Q waves were more likely to have
thrombus grade Il - IV at the time of angiography (adjusted
OR: 1.4, p = 0.009), more likely to have TIMI flow grade < llI
(adjusted OR: 0.89, p = 0.04) after primary PCl. There is no
statistical difference between both patients’ groups regarding
no reflow phenomena (adjusted OR: 1.27, p = 0.45).

Baseline patient characteristics and association with
different angiographic results

Dyslipidemia was independently and positively correlated
with no reflow phenomena in STEMI patients who had
undergone primary PCl strategy ( p = 0.03).

Diabetes and time from symptoms onset to intervention
were independently and positively correlated with presence

2 patients refused
intervention and
received Ivtic

of thrombus grade Ill - IV after PCI (P = 0.007 and 0.003,
respectively).

Age, diabetes, and hypertension were independently and
positively correlated with low myocardial perfusion grade
(TIMI flow < 3) during angiography (p = 0.03, 0.02, 0.04, 0.01,
respectively).

Discussion

Association between clinical risk factors and Q waves in
STEMI patients

We found that dyslipidemia and time from symptom onset to
intervention were independent predictors for development
of Q waves (adjusted OR: 1.8, 95% Cl: 1.09 - 2.7, p = 0.04 for
dyslipidemia, (OR: 1.35 per 10 hours, 95% Cl: 1.09-1.67, p =
0.002 for time from symptom onset to intervention).
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Table 1. Baseline characteristics of patients stratified by the presence of Q waves
Variables Qwave (n=121) No Q wave (n =141) P
Age, years 55(11) 54(10) 0.27
Male gender, n (%) 97 (80) 120 (85) 0.29
Diabetes, n (%) 41 (34 51(36) 0.69
Hypertension, n (%) 47 (39 43 (30) 0.92
Current smokers, n (%) 106 (87) 88 (62) 0.65
Dyslipidemia, n (%) 72 (60) 67 (46) 0.04
Previous stroke, n (%) 5(4) 7(5) 0.74
Chronic kidney disease, n (%) 3(2) 4(3) 0.85
Time from symptoms onset to Intervention, hours 10 (4) 7(3) 0.002
Door to balloon time, minutes 92 (33) 90 (38) 0.38
Systolic blood pressure, mmHg 131 (27) 133(30) 0.66
Heart rate, beats/minute 89 (18) 80(18) 0.003
Data are presented as mean (standard deviation) or number (% of total)
Table 2. Angiographic characteristics stratified by the presence of Q waves
Angiographic outcome Q wave (%) No Q wave (%) Adjusted OR p
(95% Cl)
TIMI < 1l flow 115/121(95) 112/141 (79) 0.89(0.81-0.98) | 0.04
Thrombus grade Ill - IV 118/121 (97) 89/141 (63) 1.4(1.10-1.60) 0.009
NO Reflow 25/121 (21) 24/141 (17) 1.27 (0.68 -2.36) | 0.45
Cl - confidence interval, OR - odds ratio, TIMI - Thrombolysis in Myocardial Infarction

In contrast to our study, in the GRACE (Global Registry of
Acute Coronary Events) registry that included 3929 patients,
a multivariate analysis showed that presenting Q-waves were
associated with male sex (OR 1.28), increased age (OR 1.06 per
5 years), diabetes (OR 1.26), smoking (OR 1.11), chronic aspirin
(OR 0.79) and acute aspirin (OR 0.87) use. Different results can
be explained by difference in sample size and that our study
was a prospective cohort one in contrast to GRACE registry ,
which was a multicenter observational cross-sectional study
(16).

Prognostic significance of the Q-wave development

Patients with Q waves were more likely to have severe
thrombus burden at the time of angiography (OR: 0.4,
p=0.009), more likely to have TIMI flow grade < Il (adjusted
OR: 0.89, p=0.04). Similar results were shown in several
studies. In Subgroup analysis of Hirulog Early Reperfusion/
Occlusion (HERO-1) trial recruiting 362-patients, Q waves on
the presenting ECG were associated with lower rates of TIMI 3
flow (35% vs 55%, p< 0.001) (17).

Similarly, In the GRACE registry, the presence of Q waves was
associated with significantly reduced infract-related artery
flow from larger thrombus burden (16).
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Correlation between Q waves and reduced TIMI flow has also
been observed in patients treated with facilitated and primary
PCl and these studies concluded that the development of
Q waves was associated with large thrombus and more
extensive obstruction to coronary blood flow. All these
prevent successful reperfusion therapy (7, 18).

Observations from the CLARITY trial that recruited 3491 STEMI
patients treated with fibrinolysis, Q waves were associated
with lower rates of reperfusion as assessed by complete ST
resolution, normal TIMI flow, and normal TIMI myocardial
perfusion grade after fibrinolysis, However, in this study,
fibrinolysis was used as the intervention method for all STEMI
incomers, while primary PCl was used in our study (19).

Association between clinical risk factors and angiographic
findings

In our study, we analyzed associations between different
baseline characteristics and angiographic findings in STEMI
patients. Dyslipidemia was considered an independent
predictor of no reflow (p=0.03).

While diabetes and time from symptoms onset to intervention
were considered independent predictors for presence of
thrombus (p=0.007 and p=0.003, respectively). Age, diabetes,
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and hypertension were considered independent predictors
for low myocardial perfusion grade (TIMI flow < IlI).

Similar to our study, Mazhar et al. concluded that no-reflow
during primary PCl was more likely with older age and delayed
presentation (20).

In contrast to our study, Ge et al. (21) studied the determinants
of angiographic thrombus burden in 182 young patients with
STEMI and concluded that hypertension is an independent
determinant of high thrombus burden compared to patients
with low thrombus burden (p<0.001). However, the latter
study compared STEMI patients with heavy and low thrombus
burden (21). In our study, we addressed independent
predictors for presence of thrombus regardless of severity.

Possible therapeutic improvement

In our study, we addressed several logistic issues that need
improvement.

1. To shorten logistic time of admission of patients from
emergency department to catheterization laboratory.

2. To facilitate availability of aspiration catheters that will help
to decrease incidence of no reflow phenomena.

Study limitations

1. Being a single-center observational study with a relatively
small patient cohort number, both were considered a
limitation of this study.

2. Assessment of myocardial blush grade was not performed
as several angiogram films were not acquired long enough to
visualize the myocardial blush.

Conclusion

Among STEMI patients, both dyslipidemia and time from
symptoms onset to intervention were independent predictors
for development of Q waves. The presence of Q waves was
strongly associated with heavy thrombus burden at time of
intervention and TIMI flow grade < Il after primary PCI.
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