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Lambda-like waveform: A new risk 
predictor of impending malignant 
arrhythmias in patients with coronary 
artery disease

Abstract: 

Background: The association between the appearance of a lambda-like waveform and occurrence of 
malignant arrhythmias during acute myocardial ischemia is unclear in patients with Coronary Artery 
Disease (CAD). 

Hypothesis: Lambda-like waveform is a new risk predictor of impending malignant arrhythmias in 
patients with CAD. 

Methods: We evaluated electrocardiograms (ECGs) from 8 patients with transient ischemia. The 
lambda-like pattern was defined as a distinctively notched, giant J wave with a descending ST-segment 
elevation followed by an alternately negative T wave. The typical pattern was followed by ventricular 
tachyarrhythmias and/or severe bradyarrhythmias in the CAD group.

Results: Lambda-wave patientshad a higher incidence of syncope, CAD, arrhythmia, cardiopulmonary 
resuscitation, obvious coronary artery stenosis, slower heart rate, and longer PR and QT intervals 
than the control patients. In addition, more lambda-wave patients took medicine for coronary artery 
dilatation and had recurrent malignant arrhythmias than the control patients. A difference with 
respect to the distribution and morphology of ischemic ECG waveforms between the 2 groups was 
observed. Furthermore, the incidence of severe bradyarrhythmias and/or ventricular tachyarrhythmias 
was significantly higher in the CAD group than that in the control group.

Conclusion: An inferior and lateral lambda-like pattern may predict malignant arrhythmias in 
patients with CAD. A notched giant J wave may also be a risk factor for impending arrhythmias in 
inferior and lateral leads. The relevance of this pattern to acute ischemia may be important; however, 
no risk stratification or management strategies for this pattern have been established. 
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Introduction
Sudden Cardiac Death (SCD) is the most common cause of all cardiac deaths [1]. SCD is a 
heterogeneous condition that may be caused by acute ischemia, structural defects, myocardial scars, 
and/or genetic mutations. Among adults, SCD is associated with Coronary Artery Disease (CAD). 
CAD is further classified as atherosclerotic and non-atherosclerotic. Atherosclerosis is the main 
pathological basis of CAD, which can result in coronary artery stenosis, occlusion and/or spasm 
leading to myocardial ischemia, hypoxia, and even myocardial necrosis. CAD causes >75% of SCDs 
in patients aged over 50 years [2]. The most common cause of CAD-induced SCD is life-threatening 
arrhythmias, including severe bradyarrhythmias (sinus bradycardia, sinus arrest, and atrioventricular 
block) and ventricular tachyarrhythmias (ventricular tachycardia and ventricular fibrillation). 
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Asystole and pulseless electrical activity are also important causes 
of CAD-induced SCD. In patients with CAD, uncertainty exists 
as to whether electrocardiogram (ECG) territory, degree of J-point 
elevation, ST-segment morphology, and T-wave alterations are 
associated with a risk of impending malignant arrhythmias. Gussak 
et al. proposed that a lambda wave could represent a new clinical 
entity/arrhythmogenic syndrome and a new ECG marker for 
SCD [3,4]. A recent report described this waveform as suggestive 
of idiopathic ventricular fibrillation (VF) with early repolarization 
(ER) abnormalities, and might be a high-risk marker for SCD [5]. 
According to a consensus report, the typical J wave is characterized 
by an elevation of ≥ 0.2 mv of the QRS-ST junction (J-point) in 
the inferior (II, III, and aVF) and/or lateral (I, aVL, and V4 to V6) 
leads with either a slurring or notching morphology, excluding 
leads V1 to V3, with a QRS duration <120 ms (Figures 1A and 
1B) [6,7]. A notched, giant J-wave accompanied by a steeply 
down-sloping ST-T segment elevation and negative T wave is 
defined as a lambdalike waveform, which was labeled by Gussak et 
al [3]. based on similarity with the lower case lambda (λ) (Figure 
2). The lambda-like waveform is associated with life-threatening 
arrhythmias in patients with CAD and can occasionally develop 
during acute myocardial ischemia due to induced coronary 
spasms, although the mechanism has not been fully elucidated 
[8,9]. No study has evaluated the clinical features or impact on 
clinical outcomes of this distinctive ECG manifestation. Our 
study aims to identify the uncommon ECG features that indicate 
an elevated risk of life-threatening arrhythmias in patients with 
CAD. We present the lambda-like pattern from Holter monitoring 
in patients with acute ischemia-induced malignant arrhythmias.

syncope to a benign variation in inferior and/or lateral leads 
(Figure 1C). The benign variation was a twisting J-point elevation 
accompanied by a rapidly ascending or obliquely straight ST-
segment elevation in the absence of a personal or family history of 
SCD; the benign variation was associated with a short QT interval 
and attenuation of J-point elevation during increases in heart rate 
[11]. Patients with inherited arrhythmia syndromes, such as long/
short QT syndrome, Brugada syndrome, and catecholaminergic 
polymorphic ventricular tachycardia, were excluded because of 
known genetic variations in ion channels [12]. Holter monitoring 

was performed during fatal arrhythmia episodes, and ECGs 
were recorded whenever dynamic repolarization changes were 
observed in the rhythm strip. As a result, transient ECG changes 
that occurred before the onset of malignant arrhythmia would be 
recorded. Reversible factors causing J waves or ST elevation were 
aggressively sought and ruled out.

Figure 1: (: Elevated J-point patterns: (A and B) Examples of QRS slur, QRS notch, (C) A benign pattern with J-point and ST-segment elevation, and 
(D) A malignant pattern.

Methods
Study design and definition of the lambda-like waveform

We performed a retrospective, case-control study that included 
8 patients with CAD and 16 age-matched, sex-matched control 
patients without CAD. ECGs were evaluated in random order by 2 
physicians who were blinded to patient grouping. The ECGs were 

checked for the presence of an elevated J-point, and lambda-like 
patterns were identified. Cipriani et al. characterized a triangular 
QRS-ST-T waveform, which they defined as the extreme form of a 
lambda-like waveform [10]. We analyzed the ECGs of patients with 
CAD and normal patients, and compared the lambda-like patterns 
proximate to the malignant arrhythmia episodes and remote from 

Figure 2: Schematic illustration of the lambda-like (λ) ECG pattern.
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Study population, inclusion and exclusion criteria

Holter monitors of the selected patients who visited our hospital 
between March 1, 2018 and April 30, 2019 were reviewed. The 
CAD group included (1) coronary stenosis ≥ 50% and/or coronary 
spasm by coronary angiography but without type 1 myocardial 
infarction or other heart diseases, and (2) a lambda waveform 
followed by malignant arrhythmia in ECG. Patients were qualified 
for inclusion in the control group if they had (1) no history or 
evidence of heart disease or no unexplained syncope, and (2) their 
ECG was reported as a benign variation.

Follow up and study endpoint

All selected patients were followed up clinically by telephone 
contact or office visit. The study endpoints were in-hospital and 
30-day follow-up major adverse cardiovascular events, which were 
defined as the composite of unstable angina, acute myocardial 
infarction, recurrent malignant arrhythmia, and SCD.

ECG classification 

An elevated J-point was defined as an elevation of at least 1 mm 
(0.1 mV) above the baseline in at least 2 continuous inferior leads 
(II, III, and aVF), lateral leads (I, aVL, and V4 to V6), or both 
leads, manifesting as QRS slurring (a smooth transition from the 
QRS end to the ST segment) or notching (a positive J-deflection 
inscribed on the S wave) [13]. The anterior precordial leads (V1 
to V3) were excluded from the analysis of the elevated J-point to 
avoid the inclusion of patients with right ventricular dysplasia 
or Brugada syndrome [14]. The J-point amplitude (the height 
from the isoelectric line) was measured at the QRS-ST junction 
in the case of slurred J waves or the peak J point in the case of 
notched J waves and relative to the QRS onset to minimize any 
baseline-wandering effect. A typical J-point elevation was defined 
as an amplitude >2 mm (0.2 mV). A J-wave width of >80 ms was 
regarded as a giant J-wave during the peri-event period in patients 
with a J-point elevation. The morphology of the ST-segment 
elevation after the J point was divided into 3 types: ascending, 
horizontal, and descending. The amplitude of the ST-segment 
elevation was measured at the end of the J wave (J terminal or Jt), 
and the classification of horizontal (<0.1 mV), ascending (>0.1 
mV), or descending (>0.1 mV) was done 100 ms after the Jt 
[15]. J/T was the ratio of J-point elevation magnitude and T-wave 
amplitude on the same ECG lead. The descending ST-segment 
elevation was defined as a J/T ratio of >1. The QT interval was 
calculated on the inferior lead with the highest magnitude of 
J-point elevation.

Ethics

Discrepancies were resolved by consensus. Our study complied 
with the Declaration of Helsinki, and our institution’s ethics review 
board approved the study’s protocol. Written informed consent 
was obtained from the patients in relation to the publication of 
this study.

Statistical analysis

The continuous variables were expressed as means+standard 
deviations. The categorical variables were expressed as numbers 
and percentages, and were compared using Fisher’s exact test, 
as appropriate. A two-tailed p-value of <0.05 was considered 
statistically significant. All statistical analyses were performed using 
IBM®SPSS® statistical software, version 24.0 (IBM Corporation, 
Armonk, NY, USA).

Results
Baseline characteristics of selected patients

A total of 24 consecutive patients were selected by Holter 
monitoring on admission and allocated to either the CAD 
group (n=8) or control group (n=16) according to a paired ratio 
of 1:2. Table 1 shows the baseline clinical characteristics of the 
study population. The selected patients were male with a mean 
age of 57.5 ± 9.1 years. No significant differences between 
the groups with respect to risk factors, chest tightness and 
pain, hypersensitivity troponin I, B-type natriuretic peptide, 
left ventricular ejection fraction, coronary angiography, and 
percutaneous coronary intervention were observed. None of 
the patients had echocardiographic or angiographic evidence of 
myocardial infarction. However, the incidence of syncope, CAD, 
arrhythmia, cardiopulmonary resuscitation, and obvious coronary 
artery stenosis was significantly higher in the CAD group than 
that in the control group (75% vs. 6.25%, p=.001; 62.5% vs. 0%, 
p=.001; 100% vs. 18.75%, p<.001; 37.5% vs. 0%, p=.028; 50% 
vs. 0%, p=.007). Heart rate was significantly slower, and the PR 
and QT intervals of the ECG were significantly longer in the CAD 
group than those in the control group (55 ± 6 vs. 67 ± 8 bpm, 
p=.001; 213.75 ± 26.14 vs. 166.69 ± 24.36 ms, p<.001; 512.63 
± 43.92 vs. 398.38 ± 21.74 ms, p<.001). In addition, the levels 
of low-density lipoprotein cholesterol and total cholesterol were 
significantly lower in the CAD group than those in the control 
group (2.01 ± 0.37 vs. 2.81 ± 0.77 mmol/L, p=.012; 3.7 ± 0.54 
vs. 4.79 ± 1.26 mmol/L, p=.028). Moreover, the CAD group had 
a significantly higher incidence of oral therapy for coronary artery 
dilatation and recurrent malignant arrhythmia than the control 
group (100% vs. 31.25%, p= .002; 37.5% vs. 0%, p=.028).
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Table 1: Baseline characteristics of selected patients.

Variable CAD group (n=8) Control group 
(n=16) p Value

Male, n(%) 8(100) 16(100) 1
Age (y, mean ± SD) 59 ± 11.78 56.75 ± 7.71 0.578
Hypertension, n(%) 3(37.5) 10(62.5) 0.39

Smoking, n(%) 5(62.5) 9(56.25) 1
Diabetes, n(%) 0(0) 3(18.75) 0.526

Symptoms    
Chest tightness, n(%) 6(75) 10(62.5) 0.667

Chest pain, n(%) 4(50) 11(68.75) 0.412
Syncope, n(%) 6(75) 1(6.25) 0.001

History of CAD, n(%) 5(62.5) 0(0) 0.001
LDL-C (mmol/L, mean ± 

SD) 2.01 ± 0.37 2.81 ± 0.77 0.012

CHOL(mmol/L, mean ± 
SD) 3.7 ± 0.54 4.79 ± 1.26 0.028

Cardiopulmonary 
resuscitation before 

admission, n(%)
3(37.5) 0(0) 0.028

Onset of arrhythmia, n(%) 8(100) 3(18.75) <.001
Electrocardiogram at the 

onset of symptoms    

Heart rate (bpm, mean 
± SD) 55 ± 6 67 ± 8 0.001

PR interval (ms, mean ± 
SD) 213.75 ± 26.14 166.69 ± 24.36 <.001

QT interval (ms, mean ± 
SD) 512.63 ± 43.92 398.38 ± 21.74 <.001

hsTnI (pg/ml, mean ± SD) 290.35 ± 667.51 3.09 ± 2.47 0.263
BNP (pg/ml, mean ± SD) 74.5 ± 101.43 17.96 ± 11.6 0.159

LVEF (%, mean ± SD) 65.75 ± 4.1 67.31 ± 4.14 0.392
CAG in the proximal 

or middle of coronary 
arteries Stenosis

58.6 58.6 58.6

≥50%, n(%) 4(50) 0(0) 0.007
<50%, n(%) 2(25) 5(31.25) 1

Coronary myocardial 
bridge, n(%) 2(25) 2(12.5) 0.578

Localized plaque, n(%) 4(50) 5(31.25) 0.412
Coronary slow flow, n(%) 0(0) 5(31.25) 0.13

Right coronary artery, n(%) 6(75) 6(37.5) 0.193
Left circumflex artery, n(%) 2(25) 4(25) 1
Left anterior descending, 

n(%) 7(87.5) 11(68.75) 0.621

Oral therapy for coronary 
artery dilatation, n(%) 8(100) 5(31.25) 0.002

PCI, n(%) 1(12.5) 0(0) 0.333
In-hospital and 30-day 
follow-up MACE, n(%) 3(37.5) 0(0) 0.028

Abbreviations: CAD: Coronary Artery Disease; SCD: Sudden Cardiac Death; 
LDL-C: Low Density Lipoprotein Cholesterol; CHOL: Total Cholesterol; 
bpm: Beat per Minute; hsTnI: Hypersensitivity Troponin I; BNP: B-type 
Natriuretic Peptide; LVEF: Left Ventricular Ejection Fraction; CAG: Coronary 
Angiography; PCI: Percutaneous Coronary Intervention; MACE: Major 
Adverse Cardiovascular Events.

Distribution and morphology of ECG findings

Holter ECG monitoring at 25 mm/sec and 10 mm/mV revealed that 

the 8 patients in the CAD group had electrocardiographic lambda-
like patterns on their ECGs that were followed by ventricular 
tachyarrhythmias (Figure S1, Supporting Information) and/or 
severe bradyarrhythmias (Figure S2, Supporting Information). 
Table 2 presents the ECG characteristics of the patients with 
lambda-like patterns in the CAD group.A significant difference in 
the distribution and morphology of ischemic waveforms between 
the groups (p<.05) was observed. The lambda-like waveforms of 
the CAD group were mainly located in the inferior and lateral 
ECG leads compared to the ER pattern of the control group (75% 
vs. 6.25%, p=.001). The morphology of the lambda-like waveform 
in the CAD group was different from that of the ER pattern in 
the control group (Figure 1C). In addition, the CAD group had 
a higher incidence of T-wave alternans than the control group 
(87.5% vs. 6.25%, p<.001) (Figure S3, Supporting Information). 
The incidence of severe bradyarrhythmias and/or ventricular 
tachyarrhythmias was significantly higher in the patients with 
a lambda- like waveform than that in the patients with an ER 
pattern (50% vs. 6.25%, p=.028; 62.5% vs. 12.5%, p=.021; 
87.5% vs. 6.25%, p<.001). The lambda-like waveform is described 
as a distinctively notching and giant J-wave (amplitude 1.33 ± 
0.41 mV; width 105.71 ± 3.09 ms) with descending ST-segment 
elevation followed by an alternately negative T-wave in the inferior 
and lateral leads; this is closely associated with the occurrence of 
severe bradyarrhythmias and/or ventricular tachyarrhythmias that 
trigger syncope in patients with CAD.

with lambda-like pattern at a time remote from syncope 
and in control subjects.

Variables CAD group(n=8) Control 
group(n=16) p Value

Distribution of abnormal J-point and ST segment elevation
Inferior, n(%) 7(87.5) 3(18.75) 0.002
Lateral, n(%) 7(87.5) 2(12.5) 0.001
Both, n(%) 6(75) 1(6.25) 0.001

Shape of elevated J-point
Notching, n(%) 7(87.5) 0(0) < .001
Slurring, n(%) 1(12.5) 4(25) 0.631

J-wave width of >80 ms
Notching (ms, mean ± SD) 105.71 ± 3.09 0 <.001
Slurring (ms, mean ± SD) 89 ± 0 72.75 ± 11.3 0.288

J-point elevation of >0.2 mV
Notching (mV, mean ± SD) 1.33 ± 0.41 0 <.001
Slurring (mV, mean ± SD) 1.10 ± 0 0.32 ± 0.06 0.002

Morphology of ST segment elevation
Ascending, n(%) 0(0) 9(56.25) 0.009
Horizontal, n(%) 0(0) 7(43.75) 0.054

Descending, n(%) 8(100) 0(0) <.001
Amplitude of ST segment elevation

Table 2: Comparison of ECG parameters in selected patients 
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Ascending (mV, mean ± 
SD) 0 0.12  ±  0.02 <.001

Horizontal (mV, mean ± 
SD) 0 0.12  ±  0.03 <.001

Descending (mV, mean 
± SD) 0.8 ± 0.46 0 0.002

T wave
Positive, n(%) 2(25) 14(87.5) 0.005

Negative, n(%) 6(75) 2(12.5) 0.005
Alteration, n(%) 7(87.5) 1(6.25) <.001

Arrhythmia
Severe bradyarrhythmia, 

n(%) 5(62.5) 2(12.5) 0.021

Ventricular 
tachyarrhythmia, n(%) 7(87.5) 1(6.25) <.001

Both, n(%) 4(50) 1(6.25) 0.028

Discussion
Our study focused on the lambda-like ECG pattern in patients 
with CAD. We are the first to find an association between this 
pattern and malignant arrhythmias. In addition, we innovatively 
explained its underlying mechanism.

Incidence of the lambda-like pattern 

Cipriani et al. found that the triangular waveform is a rare ECG 
pattern that has an annual incidence of 0.7% among consecutive 
patients with ST elevation myocardial infarction (STEMI) [10]. 
However, an evaluation of the clinical frequency of the lambda-
like pattern or its relationship with the occurrence of malignant 
arrhythmias was not possible in the present study. The incidence 
of the lambda-like pattern could not be estimated from our results 
because too few data were available from high-risk patients; these 
patients often die as a consequence of sudden arrhythmic death 
before they present. The typical pattern might be missed in patients 
who present late because Holter ECG monitoring results suggest 
that the patternis transitional, and ECGs may indicate early and 
transient ischemia; however, the symptoms of myocardial ischemia 
might be silent. Therefore, acquiring early ECG recordings is 
especially important for patients with lambda-like patterns.

Clinical implications

The typical lambda-like pattern may be a distinctive characteristic 
associated with malignant arrhythmias. In our study, this pattern 
in the corresponding ECG leads and the ST- segment elevation of 
the premature ventricular contractions or paroxysmal ventricular 
tachycardia were associated with the culprit coronary arteries 
(Figure S1, Supporting Information). Therefore, this pattern 
might have indicated lesions in the proximal or middle regions of 
coronary arteries. Myerburg et al. found that a spasm that occurred 

in the proximal region of a culprit artery showed lambda-like ST-
segment elevations in the corresponding ECG leads [16]. 

This lambda-like pattern, which is closely related to malignant 
arrhythmias, should be distinguished from other specific ST-
segment elevation ECG patterns described previously. Sato et al. 
reported that typical J waves, which had the characteristic ST-
elevation patterns caused by acute ischemia, were associated with 
VF during coronary spasms, especially the lambda-like pattern 
[17]. Prominent J waves with this pattern may predispose patients 
to phase 2 reentry that, in turn, may cause short-coupled premature 
ventricular complexes, polymorphic VT, and VF [18]. Kukla et al. 
showed that this pattern was associated with the development of 
VF in 3 patients with STEMI [19]. Aizawa et al. reported that 
this pattern was common among patients with typical STEMI 
complicated by VF (58%) and strongly associated with VF 
(specificity, 95.9%) [20]. Cipriani et al. found that, of 5 patients 
with triangular waveforms who experienced VF, 4 had cardiogenic 
shock, and 2 died during STEMI [10]. The sole slurring J-wave 
without elevation, which is a feature of the lambda-like pattern, 
may be useless to identify patients with both CAD and malignant 
arrhythmias. Our findings suggest that the notched J-wave already 
lies in the inferior and lateral leads without acute ischemia; 
however, sometimes the notched J wave only appeared with ST-
segment elevation. Notched J waves always exist, regardless of the 
morphology of the ST-segment elevation, and become obvious 
with the aggravation of ischemia. Horizontal ST-segment elevation 
may be a transitional form of the steeply descending elevation 
(Figure S4, Supporting Information). 

We also found that T-wave alternans associated with the lambda- 
like waveform may be a strong marker for predicting malignant 
arrhythmias. Electrocardiographic markers distinguishing this 
malignant from normal variants are of prime clinical importance. 
Establishing the risk stratification of the lambda- like pattern 
depends on common definitions, methodologies for the 
measurement of this pattern, and collaborative epidemiological 
and mechanistic research [11,15]. Current treatments may be 
insufficient to prevent recurrent arrhythmias in patients whose 
malignant arrhythmias are induced by the lambda-like pattern.

Possible pathophysiological basis and gene mutation 
analysis

A QRS complex, a J-point, ST segments, and T waves in ECG 
represent rapid depolarization (phase 0), ER (phase 1), plateau 
phase (phase 2), and repolarization (phase 3) of action potential 
(AP), respectively (Figure 3) [7,21]. The J-ST-T configuration is 
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thought to be sensitive to acute ischemia in the myocardium, as 
is the case for the lambda-like pattern [22]. The J point is defined 
as a transition from the end of a QRS complex to the start of an 
ST segment, and its elevation can be induced or accentuated by 
myocardial ischemia. The ischemic J wave can be caused by any 
culprit lesion of either the right or left coronary arteries, which 
are more often located in the inferior and lateral leads. Numerous 
ionic currents, calcium cycling, signal transduction, and others 
can become altered during acute ischemia; however, both channel 
opathies and ischemia may share common mechanisms that 
result in a lambda-like pattern, which may be a risk factor for the 
development of ventricular arrhythmias due to phase 2 reentry 
[23]. Recent basic electrophysiologic research has also linked 
the arrhythmogenesis to notch-related AP, increased dispersion 
of repolarization, and phase 2 reentry [24]. The exact ionic basis 
that leads to the lambda-like pattern in this clinical entity remains 
unclear. This pattern may be largely mediated by a 4-aminopyridine 
sensitive transient outward current (Ito). Depending on the Ito 
density and amplitude of the Ito- mediated spike and dome, an 
alteration of L-type calcium channel kinetics, which is secondary to 
accentuation of the spike and dome, results in partial or complete 
loss of the epicardial dome and is associated with rapidly up sloping 
or steeply down-sloping ST- segment elevation in ECG, respectively 
[25]. A much greater predominance of Ito in the right ventricular 
epicardium than the left ventricular epicardium may explain the 
higher prevalence of malignant arrhythmias in the inferior and 
lateral leads. Genetic studies have focused on candidate genes that 
might influence the Ito current. The transmural gradient in the 
Ito current in dog myocardium has been attributed to 3 major 
genes: (1) KCND3 encoding the α subunit of the Ito channel, 
(2) KChIP2 encoding the β-subunit of the Ito channel, and (3) 
IRX5 as a transcriptional factor that regulates KCND3. One 
could speculate that an interaction between polymorphisms of 
these 3 genes and myocardial ischemia may provide the necessary 
conditions for the generation of life- threatening arrhythmias 
[14]. Hu et al. suggested that an SCN5A gene mutation might 
predispose individuals to ischemia-induced VT or VF [26]. Potet 
et al. reported a unique SCN5A mutation that led to typical ST-
segment elevations in the inferior or right precordial leads [27]. 
Riera et al. showed that this identical lambda-like pattern was 
present in inferior leads and was not related to ischemia [28,29]. 
The molecular basis of the transmural distribution of Ito is still 
debated, and further research is required to assess its genetic basis 
in humans. The random nature of malignant arrhythmias in 
patients with similar clinical variables remains enigmatic, despite 
several studies examining the occurrence of malignant arrhythmias 

during CAD [29]. This initial response to ischemia most likely 
occurs in only genetically susceptible individuals, and patients 
who have latent ion-channel dysfunction may overcome the 
elevated risk. Patients may be inherently predisposed to developing 
malignant arrhythmias during acute ischemia episodes and have an 
elevated risk of early out-of-hospital malignant arrhythmias during 
the next serious ischemic episode. In addition, sympathetic and 
parasympathetic activities influence ST-segment elevation via their 
active effects on inward and outward currents in phase 1 and 2 of 
AP.

Study limitations

Our study has several limitations. The number of patients and 
follow-up times were small and limited, respectively. A possibility 
exists that the control patients may experience major adverse 
cardiovascular events in the future. Serial ECGs revealed that the 
notched J wave might be a stable (maintaining the same pattern 
over several years) rather than transient phenomenon, which 
suggests a permanent electrophysiological disorder. Large, long, 
and prospective population-based studies are needed to confirm 
the risks associated with the notched J-wave. In addition, the 
provocation to induce coronary spasm could not be performed 
in the CAD group because of the inverse risk-benefit balance. 
Our understanding of the underlying mechanisms is incomplete, 
information regarding genetic determinants and therapeutic 
responses is inadequate, and relationship between ER and other 
conditions involving accelerated repolarization and sudden 
arrhythmic death is unclear. Finally, randomized, controlled trials 
are needed to test the hypothesis that the lambda-like pattern is 
closely associated with lethal arrhythmias.

Conclusion 
In conclusion, the inferior and lateral lambda-like pattern may be an 
independent predictor of the occurrence of malignant arrhythmias 

Figure 3: Schematic illustration of the action potential on the ECG. How 
the different electrophysiological phases of the action potential correspond 
with the surface ECG.
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in patients with CAD. The notched and giant (tall and wide) 
J-wave may also be a risk marker for impending arrhythmias in the 
inferior and lateral leads. The relevance of a lambda-like pattern 
to acute myocardial ischemia may be important in patients with 
CAD; however, no established risk stratification or management 
strategies for this pattern are currently available.
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