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A B S T R A C T

Background: The triangular QRS-ST-T waveform is a rare presentation of ST-segment elevation acute myocardial infarction associated with a poor in-hospital prognosis.
Objective: To evaluate the incidence and clinical implications of the QRS-ST-T waveform pattern.
Methods: Clinical data from non-pregnant adult patients who presented as STEMI activations at a single institution between 2017 and 2021 were reviewed. Patients who met electrocardiographic criteria for triangular
QRS-ST-T waveform — a giant wave from the fusion of the QRS complex, the ST-segment, and the T-wave —
were included in the study.
Results: There were 417 STEMI activations, eight (1.9%) of which fulﬁlled the criteria for the triangular QRSST-T waveform pattern on electrocardiography. Coronary angiography was performed in ﬁve of these
patients, four of whom demonstrated a signiﬁcant lesion to the left anterior descending artery. Three patients
did not undergo angiography secondary to hemodynamic instability. Seven of the patients in our study experienced cardiogenic shock requiring vasopressor, inotropic, and/or mechanical support. Only two patients
survived to discharge; one was successfully bridged to coronary artery bypass grafting via intra-aortic balloon pump, while the other underwent a staged percutaneous coronary intervention.
Conclusions: The triangular QRS-ST-T waveform pattern is a rare ECG ﬁnding that may indicate hyper-acute
STEMI and is an ominous sign of impending hemodynamic instability. Patients who survived received
prompt aggressive therapeutic management.
© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction
The triangular QRS-ST-T waveform (TW) is a rare form of ST-segment elevation myocardial infarction (STEMI) that typically manifests
in the hyper-acute phase of myocardial infarction.1 It is an ominous
sign of impending hemodynamic instability.1 This speciﬁc electrocardiographic (ECG) pattern has been associated with an increased likelihood of left main coronary artery involvement, ventricular
ﬁbrillation, cardiogenic shock, and death during hospitalization
when compared with other forms of ST-segment elevation ECG patterns.1-3 This study aims to describe the clinical presentation,
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management, and clinical outcomes of this rare electrocardiographic
phenomenon.

Methods
After obtaining institutional review board approval from University Medical Center of Southern Nevada, all patients aged 18 years
and older who presented as a STEMI activation at a single medical
center between January 2017 to December 2021, were identiﬁed
using our institution’s prospectively-maintained STEMI patient registry. Two reviewers applied strict inclusion criteria to the ECG data of
all patients who underwent STEMI activation to identify patients
with the TW pattern (Fig. 1; Supplementary Figure 1). The TW pattern is deﬁned as:
1) a giant R-wave with an amplitude of  1 mV;
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Table 1
Characteristics of the triangular QRS-ST-T waveform study population.
Population
Number of patients
Age (years), mean § SD
Male, n (%)
Body mass index (kg/m2), mean § SD
Hospital outcomes
Length of stay (days), mean § SD
Mortality, n (%)
COVID-19 status at admission (positive, negative, never tested)
Medical history, n (%)
Previous acute myocardial infarction
Previous stroke
Hypertension
Hyperlipidemia
Family history of coronary artery disease
Diabetes mellitus type 2
Hypothyroidism
Chronic obstructive pulmonary disease
Chronic kidney disease
History of malignancy
Social and behavioral characteristics, n (%)
Tobacco use
History of drug abuse

8
66.3 § 11.4
8 (100)
28.1 § 4.4
4.6 § 2.5
6 (75)
0, 5, 3
2 (25.0)
0 (0)
3 (37.5)
3 (37.5)
0 (0)
2 (25.0)
2 (25.0)
0 (0)
2 (25.0)
2 (25.0)
6 (75.0)
0 (0)

intraventricular conduction delays. The areas of ischemia on ECG that
contained the TW pattern were classiﬁed as anterior (n= 3), anterolateral (n= 3), and inferior (n= 2).
Fig. 1. Characteristics of the triangular QRS-ST-T waveform. TW consists of an R-wave
with an amplitude of >1 mV, an ST-segment that steeply slopes down, and the fusion
of the QRS- and T-wave.

2) a QRS complex fused with the ST-segment and the T-wave, forming a characteristic ‘triangular’ morphology;
3) a positive polarity that indicates the region of ischemia.1
Patients were excluded if they were pregnant, demonstrated signs
of complete bundle branch block, or had paced ventricular rhythm.
Institutional STEMI activation criteria included new ST elevation at
the J point in at least 2 contiguous leads of >2 mm in men or
>1.5 mm in women in leads V2-V3 and/or >1 mm in other contiguous chest leads or the limb leads. Abstracted data included demographics, disease presentation, ECG ﬁndings, initial management,
hospitalization course, morbidity, and mortality. Descriptive statistics
and incidence of the ekg ﬁnding were performed.
Results
Initial presentation
Among the 417 patients who underwent STEMI activation
between January 2017 and December 2021, a total of eight patients
presented with the TW pattern on ECG (Table 1). All eight patients
were male. The mean age was 66 years, with a range between 54 and
78 years. Medical histories included previous myocardial infarction
(n= 2), hyperthyroidism (n= 2), chronic obstructive pulmonary disease (n= 1), and malignancy (n= 2). Six patients endorsed tobacco use.
Most patients (n= 6) presented to the emergency department with
symptoms of progressive or sudden onset chest pain, half of whom
(n = 3) were in cardiac arrest by the time of arrival. Two patients
were given cardiopulmonary resuscitative compressions while en
route to the emergency facility. Other reported symptoms included
bilateral lower extremity weakness (n= 1), dyspnea (n= 1), and
abdominal pain (n= 1). Six patients presented after March 2020, all of
whom tested negative for COVID-19.
All patients displayed the TW pattern on admission ECG. Two
patients experienced a junctional rhythm; three were found to have

Cardiac interventions
Table 2 summarizes the interventional ﬁndings of the study population. Five patients underwent coronary angiography for acute MI.
Out of these ﬁve patients, four were found to have signiﬁcant culprit
lesions in the left anterior descending artery (LAD), with stenosis
ranging between 90 and 95%. Four patients successfully received percutaneous coronary intervention (PCI).
On angiography, Patient 2 was found to have proximal LAD instent thrombosis secondary to medication noncompliance and luminal irregularities, which required PCI and placement of a drug-eluting
stent. Patient 3 successfully underwent emergent coronary angiography and was found to have chronic total occlusion of the mid-right
coronary artery (RCA) in addition to 95% stenosis of the mid LAD. In
addition, Patient 3 underwent emergent PCI of the culprit RCA with
staged PCI of the LAD three days later. Patient 5 also underwent successful emergent coronary angiography, which showed high-grade
ostial stenosis of the LAD, mid-LAD, distal left circumﬂex, and proximal RCA. This patient received an intra-aortic balloon pump, which
served as a bridge for coronary artery bypass grafting (left internal
thoracic artery graft to the mid-LAD and second graft between the
aorta and second obtuse marginal branch using the saphenous).
Patient 6 was found to have a mid-LAD chronic total occlusion without collaterals and mid-left circumﬂex subtotal occlusion. This was
treated via PCI of the left circumﬂex. Patient 7 was found to have 80%
stenosis of the mid-LAD; however, due to emergent surgical intervention for concurrent bowel necrosis, PCI was delayed to a later
date during the index of hospitalization.

Morbidity & mortality
Hemodynamic instability was a common ﬁnding (Table 3). Seven
patients met hemodynamic criteria for cardiogenic shock, all of
whom required vasopressors during their hospital course. Five
underwent transthoracic echocardiogram: two were found to have
preserved to mildly reduced ejection fractions (EF), two had moderately reduced EF, and one had a severely reduced EF.
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Table 2
Initial cardiac evaluation of patients with ST-segment elevated acute myocardial infarction showing the triangular QRS-ST-T waveform.
Patient Age (years) Sex

Ethnicity Troponin Peak (ng/mL) Cardiogenic Shock History of Acute Myocardial
Infarction

Location of Acute Infarction
on ECG (Leads)

Ejection Fraction (%) Echocardiogram Findings

Percutaneous
Catheterization Findings
(% Stenosis)
**

No

Anterior (V1-V3)

>65

Male Caucasian 43,213

Yes

Yes

Anterior (V1-V3)

25 30

48

Male Hispanic

96,980

No

No

Inferior (II, III, aVF)

>50

*Borderline concentric LVH

#4
#5

75
62

Male Hispanic 146
Male Caucasian 37,367

Yes
Yes

Yes
No

Anterior (aVR)
Anterolateral (V3-V6)

—
20 25

—
Severely reduced LVSF,
mild concentric LVH,
severe anterior wall
hypokinesis

#6

69

Male Caucasian 63,947

Yes

No

Inferior (II, III, aVF)

<20

Mild concentric LVH,
mild MR, mild AR

#7

71

Male Hisapnic

Yes

No

Anterolateral (V3-V6)

50 55

#8

50

Male Caucasian 24

Yes

No

Anterolateral (V4-V6)

—

Moderate concentric LVH,
moderate aortic sclerosis
without stenosis,
trace pericardial effusion
—

72

Male Cacasian

#2

83

#3

207,480

454

Moderate concentric LVH,
normal LV systolic
function
Severely reduced LVSF,
elevated RVSP,
mild to moderate MR

pLAD stent thrombosis,
LMCA with luminal irregularities,
no signiﬁcant disease
Total occlusion of mRCA,
mLAD stenosis (95)
**
LAD with high-grade ostial
stenosis,
mLAD stenosis (95), dLCx
stenosis (80),
pRCA stenosis (50)
Total occlusion of mLAD
without collaterals,
subtotal occlusion of mLCx
(TIMI 2)
mLAD stenosis (80)

**

Abbreviations: AR, aortic regurgitation; dLCx, distal left circumﬂex; LAD, left anterior descending artery; LCx, Left circumﬂex; LMCA, Left main coronary artery; LV, left ventricle; LVH, left ventricular hypertrophy; LVSF, left ventricular
systolic function; mLAD, mid-left anterior descending artery; MR, mitral regurgitation; mRCA, mid-right coronary artery; pLAD, proximal left anterior descending; pRCA, proximal right coronary artery; RVSP, right ventricular systolic
pressure; TIMI, thrombolysis in myocardial infarction score.
*Study was technically difﬁcult due to body habitus.
**Patient demise prior to catheterization.
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Table 3
Post-operative outcomes of patients with ST-segment elevation acute myocardial infarction showing triangular QRS-ST-T waveform who underwent cardiac intervention.
Patient

Age (Years)

Sex

Catheterization Intervention

IABP

CABG

Mortality

Cardiac Rhythm on ECG Prior to Demise

#1
#2
#3
#4
#5
#6
#7
#8

72
83
48
75
62
69
71
50

Male
Male
Male
Male
Male
Male
Male
Male

—
PCI: Coronary 2.50£22.00 mm stent (Resolute Onyx)
Emergent PCI of the RCA, staged PCI of the LAD three days later
—
IABP as a bridge to CABG
PCI x2 to the LCx
—
—

No
No
No
No
Yes
No
No
No

No
No
No
No
Yes
No
No
No

Yes
Yes
No
Yes
No
Yes
Yes
Yes

PEA
—
—
PEA
—
PEA
PEA
VT

Abbreviations: CABG, coronary artery bypass grafting; LAD, left anterior descending artery; LCx, left circumﬂex; IABP, intra-aortic balloon pump; PCI, percutaneous coronary
intervention; PEA, pulseless electrical activity; RCA, right coronary artery; VT, ventricular tachycardia.

There were six mortalities in total within our patient population.
Of the six, four patients expired during hospitalization while two
expired soon after hospital discharge. Patient 4 experienced signiﬁcant bradycardia and profound hypotension, which required intravenous atropine and dopamine. He had multiple, prolonged episodes of
pulseless electrical activity (PEA) that did not resolve despite maximum medical therapy. Patient 6 presented with ventricular ﬁbrillation that required three rounds of deﬁbrillation and one dose of
epinephrine. Despite the return of spontaneous circulation, he suffered from persistent acidemia, hypotension, and renal failure leading
to PEA and death. Patient 7 had two intraoperative episodes of ventricular ﬁbrillation that initially resolved with cardioversion but
recurred postoperatively. He received deﬁbrillation and was treated
with amiodarone drip but clinically decompensated before succumbing to PEA and death. Patient 8 presented with ventricular tachycardia and cardiogenic shock that did not improve despite maximal
medical interventions, leading to patient’s demise within 24 h of
admission. Of the two patients discharged to hospice care, one
(Patient 1) was transitioned to comfort care due to poor inpatient
prognosis, while the other (Patient 2) was discovered to have worsening end-stage COPD despite maximal medical management.
Only two patients in the present series survived. Patient 3 successfully underwent emergent PCI and was discharged three days following an unremarkable hospital course post-catheterization. The
second patient who survived (Patient 5) also recovered shortly after
surgery with an unremarkable postoperative course, leading to his
discharge ﬁve days later.
Discussion
Since its ﬁrst characterization by Eckmecki et al. in 1961, several
case reports and series in clinical settings have been described, the
largest study to date performed by Cipriani et al. that included 5
patients with the TW pattern.1 5 In the present series, we identiﬁed
eight cases of the TW pattern after retrospective review of clinical
data from all patients who underwent STEMI activation at a single
institution over a ﬁve-year period. Our ﬁndings reveal an incidence
of 1.9% (8/417), which is comparable to one recent prospective study
1.3% (5/367).1 The TW pattern has a predilection for overweight men
with a smoking history; a majority of patients were found to have
signiﬁcant lesions affecting the branches of the left coronary artery.14
The TW pattern in our study appears to be associated with higher
rates of mortality (75%) than previous reports.1 All patients who presented with ECG TW pattern met the criteria for cardiogenic shock,
requiring vasopressor therapy. For reasons not well understood,
three-quarters of our patients presented following the initial declaration of the COVID-19 pandemic by the World Health Organization.
It is suspected that the TW morphology is the result of massive
areas of ischemic burden.2 Eckmecki and colleagues noted a positive
correlation between augmented R-waves and the histochemicallyderived extent of myocardial necrosis. Madias et al. postulated that in
the setting of myocardial ischemia, an atypical propagation of the

ventricular activation secondary to regional ischemic injury may
result in a regional block.6 This leads to prolonged conduction as the
electrical current travels over the ischemic area, resulting in a direct
increase in R-wave duration and amplitude.7
Notably, interventions that signiﬁcantly impacted survival
appeared to be related to early and aggressive therapeutic intervention. All patients with TW pattern who did not receive emergent
angiography expired. Patients who survived to discharge received
early management with emergent angiography followed by aggressive therapeutic intervention, as seen in Patients 3 and 5. Based on
the above ﬁndings, we recommend that patients who present with
the TW pattern receive prompt and aggressive therapeutic intervention to maximize their chances of survival.
This study is restricted by its retrospective nature, which can lead
to potential selection biases. The small study population from a single
institution limits the generalizability of our ﬁndings. One way that
this can be addressed is by generating a study that spans multiple
centers over a longer period of time. Larger case series and retrospective studies are needed to elucidate this rare subset of STEMI to better
understand appropriate management and associated clinical outcomes.
Conclusions
The TW pattern is a rare ECG ﬁnding of hyper-acute myocardial
infarction associated with an increase risk of cardiogenic shock and
hemodynamic instability. There are high rates of mortality associated
with the TW pattern consistent with previous studies. Patients
should receive prompt therapeutic interventions upon discovery of
the TW pattern, which may enhance the opportunity for a better clinical course and outcomes.
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