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Electrocardiogram records were surveyed for the presence of an atrial premature beat
(APB) and J waves in patients with coronary heart disease and patients with noncardiac dis-
eases. The prevalence and response of J waves to sudden shortening of the RR interval on
the conducted APB were determined and compared between the 2 patients groups. The
change in the QRS complexes on the APB was also determined. Among 17,013 patients, 243
patients who underwent percutaneous coronary intervention for acute myocardial infarc-
tion or angina pectoris had an APB, and J waves were observed in 16 patients (6.6%). In an
additional 729 patients with noncardiac diseases and APB, 19 patients showed J waves
(2.6%; p = 0.010). The clinical features were almost similar between the ischemic and noni-
schemic groups. J waves were located more often in inferior and high lateral leads in the
ischemic group. When the RR interval shortened from 942 § 228 to 621 § 175 ms and
869 § 158 to 570 § 118 ms at baseline and in the conducted APB (p< 0.001 for both), the
J-wave amplitude increased from 0.16 § 0.04 to 0.19 § 0.06 mV (p< 0.001) and 0.21 § 0.07
to 0.24 § 0.08 mV (p = 0.010) in the ischemic and nonischemic groups, respectively. J waves
in patients with chronic coronary heart disease and in patients with noncardiac diseases
were augmented at short RR intervals together with distinct changes in the QRS complexes,
and an augmentation of J waves at short RR interval may represent a conduction delay.
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Slurs or notches at the terminal part of the QRS complex
on the surface electrocardiogram (ECG) are currently defined
as J waves1 and categorized under J-wave syndrome.2

J waves can be observed in apparently healthy patients,3 in
patients with idiopathic ventricular fibrillation,4−6 as well as
in patients with coronary heart disease,7−13 and have been
reported to be a risk for cardiac events. However, the mecha-
nism of the J waves in ischemic heart disease has not been
fully investigated. In this study, we investigated the preva-
lence and response of J waves and QRS morphology to sud-
den change in RR intervals in the conducted atrial premature
beats (APBs) in patients with and without coronary artery
disease.
Methods

The ECG records of 17,013 patients (aged 60 to 89
years) who visited Toda Central General Hospital from
January 2015 to January 2017 were surveyed for the pres-
ence of APB and J waves. The patients with coronary heart
disease had undergone percutaneous coronary intervention
(PCI) for myocardial infarction (MI) or angina pectoris 3 or
more months ago. The patients with nonischemic heart dis-
ease had noncardiac general diseases. A history of sudden
cardiac death was denied in all family members, as well as
in the patients in each group. None revealed overt sign of
heart failure.

Patients with atrial fibrillation, Wolff-Parkinson-White
syndrome, QT interval prolongation or shortening, Bru-
gada syndrome, bundle branch block, or intraventricular
conduction delay were excluded. Patients with idiopathic
dilated, or hypertrophic cardiomyopathy, valvular heart
diseases with more than mild severity, congestive heart
failure (NYHA >2), previous coronary artery bypass
grafting, and implantable devices, such as a cardioverter-
defibrillator or a device for cardiac synchronization,
were also excluded.

J waves were defined as notches or slurs at the terminal
portion of the QRS complexes with an amplitude >0.1 mV
above the isoelectric line in at least 2 contiguous leads1,5

and were measured in the lead that exhibited the maximum
amplitude in the baseline beat, and in the APB and the beat
next to the APB.14−16 The location of the J waves was clas-
sified as inferior (II, III, or aVF), left precordial (V4 to V6),
right precordial (V1 to V3), or high lateral (I, aVL). The R-
and S-wave amplitudes and ventricular activation time
(VAT) were measured in the baseline and the APB
(Figure 1). The VAT was measured from the onset of the
QRS complex to the peak of the R wave. The changes in
the R-/S-wave and VAT were considered to represent an
alteration of the depolarization process over the ventricle.
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Figure 1. Measurements of the amplitudes of J waves, R waves, and the

ventricular activation time (VAT).

The parameters were measured in the lead to identify the maximum ampli-

tude of J waves.

Table 1

Clinical characteristics of patients with atrial premature beat and J waves

Variable

Ischemic

group (n = 16)

Nonischemic

group (n = 19) p value

Age (years) 75 § 7 73 § 10 0.602

Men 11 (69%) 11 (58%) 0.844

Ejection fraction (%) 66 § 8 68 § 7 0.607

Hypertension 16 (100%) 7 (37%) 0.003

Diabetes mellitus 4 (25%) 3 (16%) 0.582

Dyslipidemia 14 (88%) 4 (21%) 0.002

Prior myocardial infarction 4 (25%) 0 (0%) 0.086

Smoker 4 (25%) 4 (21%) 0.602

Medications

Angiotensin-converting

enzyme inhibitor/

angiotensin 2 receptor

blocker

12 (75%) 3 (16%) 0.002

Ca blocker 12 (75%) 3 (16%) 0.002

Statin 14 (88%) 4 (21%) 0.002

b blocker 5 (31%) 2 (11%) 0.248

Oral diabetes drugs 1 (6%) 2 (11%) 0.566

Insulin 3 (19%) 1 (5%) 0.713

Table 2

Comparisons of ECG findings between ischemic and nonischemic patients
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The changes of the J waves and the R- and S-wave
amplitudes were defined as augmented if the amplitude
increased by ≥0.05 mV, unchanged for a change from
¡0.05 mV to +0.05 mV, and decreased for a change of
¡0.05 mV or more. The ECG parameters were measured
after twofold magnification by 2 cardiologists who were
blinded to the clinical findings. The type of J waves, notch-
ing or slurring, and the ST morphology after the J waves
were determined according to the original report.17

The prevalence and dynamic changes of J waves to vary-
ing RR intervals were determined in the 2 patient groups.
The responses of the J-wave amplitude to a change in the
RR intervals were analyzed by comparing J waves among
the baseline beats, on the conducted APBs, and on the beats
immediately next to the APB as reported elarlier.14−16 The
maximum changes in the R- or S-wave amplitudes and
VAT were analyzed in relation to the changes of the
J-wave amplitude.

The numerical values are presented as the mean § SD,
and the categorical variables are expressed as absolute
numbers or percentages. The differences between the
groups were analyzed by ANOVA for continuous variables
and the Pearson’s chi-square test for categorical variables.
The J-wave amplitudes among the baseline beats, APB, and
post-APB beats were compared by t tests in each group.
p Values less than 0.05 were considered significant. The
statistical analyses were performed using IBM SPSS soft-
ware (SPSS 19; IBM Corporation, Chicago, Illinois). This
study was approved by the Institutional Review Board of
Toda Central General Hospital.
showing J waves and premature atrial beat

Variable

Ischemic

group (n = 16)

Nonischemic

group (n = 19) p value

RR interval (ms) 942 § 228 869 § 158 0.216

PR interval (ms) 173 § 28 173 § 24 0.948

QRS width (ms) 99§ 8 100 § 9 0.713

QT interval (ms1/2) 443 § 27 423 § 35 0.370

Amplitude (mV) 0.16 § 0.04 0.22 § 0.07 0.008

Notch type 4 (25%) 7 (37%) 0.357

Horizontal/downward

ST, Location

4 (25%) 6 (32%) 0.524

Inferior 6 (38%) 12 (63%) 0.035

Left precordial 2 (13%) 4 (21%) 0.418

Right precordial 0 (0%) 1 (5%) 0.304

High lateral 8 (50%) 2 (11%) 0.036
Results

APBs were observed in 972 of 17,013 ECG records, and
243 patients had ischemic heart disease who underwent PCI
for MI (n = 89, 36.6%) or angina pectoris (n = 154, 63.4%) 3
or more months ago. Of these patients, J waves were
observed in 16 patients (6.6%). The vessel treated was the
left anterior descending artery (n = 10, 62.5%), the right coro-
nary artery (n = 4, 25.0%), the left circumflex artery (n = 3,
18.8%), and the left main trunk (n = 1, 6.3%). One patient
(6.3%) was treated for multivessel diseases. No patients
developed ventricular tachycardia or ventricular fibrillation
during the acute phase of MI and during follow-up periods.
Hypertension, diabetes mellitus, and dyslipidemia were
identified in 16 (100%), 4 (25.0%), and 14 (87.5%) patients,
respectively. A past history of MI was observed in 4
patients (25.0%), and 4 (25.0%) were current or past smok-
ers. The patients were treated with an angiotensin-convert-
ing enzyme inhibitor, angiotensin II receptor blocker,
calcium antagonist, or b blocker. Diabetes mellitus was
treated with oral antidiabetic drugs or insulin (Table 1).

An additional 729 nonischemic patients with general dis-
eases had APBs, and J waves were identified in 19 patients
(2.6%), which was lower than the frequency in the ischemic
group (p = 0.010). In the nonischemic group, hypertension
and dyslipidemia were less frequent, and treatment with
angiotensin-converting enzyme inhibitor /angiotensin II
receptor blockers, calcium antagonists or statins occurred
less often (Table 1).

There was no abnormality in the RR, PR, QRS, and QTc
intervals in the ischemic and nonischemic groups, and the
parameters were not different between the 2 groups
(Table 2). The J-wave amplitude was 0.16 § 0.04 mV in



Table 3

Responses of J wave related to RR intervals

Variable

Ischemic

group (n = 16)

Nonischemic

group (n = 19) p value

Baseline interval (ms) 942 § 228 869 § 158 0.216

RR of atrial premature beat (ms) 621 § 175 570 § 118 0.246

Postatrial premature beat RR (ms) 1097 § 287 1073 § 189 0.737

J-wave amplitude

Preatrial premature beat (mV) 0.16 § 0.04 0.21 § 0.07 0.004

Atrial premature beat (mV) 0.19 § 0.06 0.24 § 0.08 0.018

Postatrial premature beat (mV) 0.15 § 0.07 0.20 § 0.07 0.005

Changes of J waves

>0.05 (mV) 6 (38%) 6 (32%) 0.736

¡0.05 to 0.05 (mV) 10 (63%) 13 (68%) 0.736
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the ischemic patients and 0.22 § 0.07 mV in the nonische-
mic patients (p = 0.008). The notched type was identified in
4 patients (25.0%) and 7 patients (36.8%) in the ischemic
and nonischemic groups, respectively (p = 0.357). ST mor-
phology with horizontal/downward displacement was found
in 25.0% and 31.6% in the ischemic and nonischemic
group. J waves were localized more frequently in the infe-
rior or high lateral in the ischemic group (p = 0.035 and
0.036, respectively).

In the 2 groups, the RR intervals shortened significantly
on the conducted APBs and prolonged after the APBs
(Table 3). At the short RR intervals, the J-wave amplitude
was increased in 6 patients (37.5%) and unchanged in 10
patients (62.5%), whereas no patients showed a decrease.
Overall, the J-wave amplitude was augmented from 0.16 §
0.04 mV to 0.19 § 0.06 mV at baseline and on APB,
respectively (p < 0.001). In the nonischemic group, the
J-wave amplitude was increased in 6 patients (31.6%) and
unchanged in 13 patients (68.4%), whereas no patients
showed a decrease on the conducted APBs. Overall, the
J-wave amplitude was significantly augmented at the short
RR intervals, 0.21 § 0.06 mV to 0.24 § 0.08 mV
(p = 0.010). The J-wave amplitude returned to the baseline
Figure 2. Changes in the J-wave amplitude with varying RR intervals in the condu

The patient is a 70-year-old woman treated for inferior MI by percutaneous corona

arrows) and increased in the conducted atrial-premature-beat (red arrows). The J-w

available online.
in the beats immediately after the APBs in the 2 groups
(Figures 2 and 3).

On the conducted APBs, the absolute changes in R- and
S-wave amplitudes were 014 § 0.15 mV and 0.18 §
0.15 mV the ischemic and nonischemic group, respectively,
with the exception of 2 patients: 1 patient each for the
ischemic and nonischemic groups. There were no signifi-
cant changes in the R- and S-wave amplitudes in the
patients with and without augmentation: 0.14 § 0.15 versus
0.11 § 0.13 mV (p = 0.4731) and 0.10 § 0.05 versus 0.15 §
0.13 mV (p = 0.2058), respectively. The VAT did not exhibit
a change in the conducted APBs.
Discussion

J waves were present in the patients with coronary heart
disease who underwent PCI more than 3 months ago, more
frequently than those with noncardiac diseases. The J-wave
amplitude was significantly augmented at the short RR
intervals of the conducted APBs, and returned to the base-
line level in the beat next to the APBs that occurred with
prolonged RR intervals. Concomitant changes of the R- or
S-wave amplitudes may represent an alteration of the acti-
vation pattern over the ventricle due to a conduction delay
induced by short RR interval. A conduction delay seems
the mechanism of J-wave augmentation.

J waves may appear in association with acute MI7−13 or
vasospasm angina,18 and have been reported as a risk for
developing ventricular tachycardia/fibrillation or sudden
cardiac death during acute MI. In MI, J waves were
observed more frequently (14.4% to 26%) in patients with
ventricular tachycardia/fibrillation or sudden death com-
pared with those without ventricular tachycardia/fibrillation
or sudden death (4% to 13%).7−10 J waves observed in early
or late post-MI were also reported to be a predictor for ven-
tricular and atrial tachycardia,9,10 sudden cardiac death,13

or shock delivery of an implantable cardioverter-defibrilla-
tor.11 In the present study, J waves were present in ischemic
and nonischemic patients, 6.6% versus 2.6%, respectively
cted atrial premature beat.

ry intervention. J-wave amplitudes were present in the inferior leads (black

ave amplitude after an APB was not augmented. Color version of figure is

www.ajconline.org


Figure 3. Changes in the J-wave amplitude at varying RR intervals. Left: The baseline RR intervals during sinus rhythm and those of the conducted atrial pre-

mature beats (APBs) with shortening.

Right: As the RR intervals shortened, the J-wave amplitude increased (augmented) in the ischemic and nonischemic groups.
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(p = 0.010), however, there was no evidence that J waves
are associated with the occurrence of ventricular tachycar-
dia/fibrillation or sudden cardiac death because of a short
follow-up period.

Most J waves categorized in the J wave syndrome are
considered to be mediated by transient outward currents
(Ito), and an augmentation of the J-wave amplitude after a
prolonged RR interval is the most striking features of Ito-
mediated J waves.2,19 Clinically, J waves have been shown
to indicate a pause-dependent augmentation in patients
with idiopathic ventricular fibrillation.4,14,16 In contrast,
J waves may be observed in patients without a history of
VF or cardiac arrest, and these J waves may show augmen-
tation of the J-wave amplitude at short RR intervals.15 Such
tachycardia-induced augmentation of J waves can be
observed after short RR intervals of the conducted APBs15

or during atrial pacing at a higher rate,16 and proved in
patients with ischemic heart disease,12,20 in patients with
noncardiac diseases and in general population.14−16 The
different response patterns of the J-wave amplitude to vary-
ing RR intervals may be used to differentiate the underlying
mechanism of J waves.14−16

Distinct changes in the QRS complexes induced at short
RR intervals can represent an alteration of the activation
sequence over the ventricle from a tachycardia-induced
conduction delay, but alteration in orientation of the heart
in the pericardial sac due to variation of intracardiac pres-
sures and timing intervals with changes in the RR intervals
can be another mechanism.

The study included a rather small number of patients in a
single center. However, the behaviors of the J waves on
varying RR intervals are compatible with the results from
previous studies.15,16 Drugs such as isoproterenol or quini-
dine might be used to differentiate the mechanisms of
J waves; however, this approach was not attempted in the
present study. Moreover, genetic analysis might provide
deep insights into the underlying mechanism of J waves;
however, it was not performed in the present study. J waves
could manifest as negative deflections, but such J waves
were not focused in the present study but they should be
investigated.

In conclusion, J waves of patients with coronary heart
disease and those with noncardiac diseases showed an aug-
mentation in amplitude at short RR intervals together
with alterations in the QRS complexes. A conduction delay
seems the mechanism for J-wave augmentation at short RR
intervals; however, further confirmation is required.
Disclosures

The authors have no conflicts of interest to disclose.

1. Macfarlane PW, Antzelevitch C, Haissaguerre M, Huikuri HV, Potse M,
Rosso R, Sacher F, Tikkanen JT, Wellens H, Yan GX. The early repolari-
zation pattern: a consensus paper. J Am Coll Cardiol 2015;66:470–477.

2. Antzelevitch C, Yan G-X. J wave syndromes. Heart Rhythm 2010;7:
549–558.

3. Tikkanen JT, Anttonen O, Junttila MJ, Aro AL, Kerola T, Rissanen
HA, Reunanen A, Huikuri HV. Long-term outcome associated with
early repolarization on electrocardiography. N Engl J Med 2009;361:
2529–2537.

4. Aizawa Y, Tamura M, Chinushi M, Naitoh N, Uchiyama H, Kusano Y,
Tamura M, Shibata A. Idiopathic ventricular fibrillation and bradycar-
dia-dependent intraventricular block. Am Heart J 1993;126:1473–1474.

5. Haissaguerre M, Derval N, Sacher F, Jesel L, Deisenhofer I, de Roy L,
Pasqui�e JL, Nogami A, Babuty D, Yli-Mayry S, De Chillou C, Scanu
P, Mabo P, Matsuo S, Probst V, Le Scouarnec S, Defaye P, Schlaepfer
J, Rostock T, Lacroix D, Lamaison D, Lavergne T, Aizawa Y, Englund
A, Anselme F, O’Neill M, Hocini M, Lim KT, Knecht S, Veenhuyzen
GD, Bordachar P, Chauvin M, Jais P, Coureau G, Chene G, Klein GJ,
Cl�ementy J. Sudden cardiac arrest associated with early repolarization.
N Engl J Med 2008;358:2016–2023.

6. Rosso R, Kogan E, Belhassen B, Rozovski U, Scheinman MM, Zeltser
D. J-point elevation in survivors of primary ventricular fibrillation and
matched control subjects: incidence and clinical significance. J Am
Coll Cardiol 2008;52:1231–1238.

http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0006


1266 The American Journal of Cardiology (www.ajconline.org)
7. Naruse Y, Tada H, Harimura Y, Hayashi M, Noguchi Y, Sato A, Yoshida
K, Sekiguchi Y, Aonuma K. Early repolarization is an independent predic-
tor of occurrences of ventricular fibrillation in the very early phase of acute
myocardial infarction. Circ Arrhythm Electrophysiol 2012;5:506–513.

8. Aizawa Y, Jastrzebski M, Ozawa T, Kawecka-Jaszcz K, Kukla P, Mit-
suma W, Chinushi M, Ida T, Aizawa Y, Ojima K, Tagawa M, Fujita S,
Okabe M, Tsuchida K, Miyakita Y, Shimizu H, Ito S, Imaizumi T,
Toba K. Characteristics of electrocardiographic repolarization in acute
myocardial infarction complicated by ventricular fibrillation. J Elec-
trocardiol 2012;45:252–259.

9. Tikkanen JT, Wichmann V, Junttila MJ, Rainio M, Hookana E, Lappi
OP, Kortelainen ML, Anttonen O, Huikuri HV. Association of early
repolarization and sudden cardiac death during an acute coronary
event. Circ Arrhythm Electrophysiol 2012;5:714–718.

10. Rudic B, Veltmann C, Kuntz E, Behnes M, Elmas E, Konrad T,
Kuschyk J, Weiss C, Borggrefe M, Schimpf R. Early repolarization
pattern is associated with ventricular fibrillation in patients with acute
myocardial infarction. Heart Rhythm 2012;9:1295–1300.

11. Patel RB, Ng J, Reddy V, Chokshi M, Parikh K, Subacius H, Alsheikh-
Ali AA, Nguyen T, Link MS, Goldberger JJ, Ilkhanoff L, Kadish AH.
Early repolarization associated with ventricular arrhythmias in patients
with chronic coronary artery disease. Circ Arrhythm Electrophysiol
2010;3:489–495.

12. Nakayama M, Sato M, Kitazawa H, Saito A, Ikeda Y, Fujita S, Fuse K,
Takahashi M, Takarada K, Oguro T, Matsushita H, Okabe M, Yama-
shina A, Aizawa Y. J-waves in patients with an acute ST-elevation
myocardial infarction who underwent successful percutaneous coro-
nary intervention: prevalence, pathogenesis, and clinical implication.
Europace 2013;15:109–115.

13. Naruse Y, Tada H, Harimura Y, Ishibashi M, Noguchi Y, Sato A,
Hoshi T, Sekiguchi Y, Aonuma K. Early repolarization increases the
occurrence of sustained ventricular tachyarrhythmias and sudden death
in the chronic phase of an acute myocardial infarction. Circ Arrhythm
Electrophysiol 2014;7:626–632.

14. Aizawa Y, Sato A, Watanabe H, Chinushi M, Furushima H, Horie M,
Kaneko Y, Imaizumi T, Okubo K, Watanabe I, Shinozaki T, Aizawa Y,
Fukuda K, Joo K, Haissaguerre M. Dynamicity of the J-wave in idio-
pathic ventricular fibrillation with a special reference to pause-dependent
augmentation of the J-wave. J Am Coll Cardiol 2012;59:1948–1953.

15. Aizawa Y, Sato M, Kitazawa H, Aizawa Y, Takatsuki S, Oda E, Okabe
M, Fukuda K. Tachycardia-dependent augmentation of “notched J
waves” in a general patient population without ventricular fibrillation
or cardiac arrest: not a repolarization but a depolarization abnormality?
Heart Rhythm 2015;12:376–383.

16. Aizawa Y, Takatsuki S, Nishiyama T, Kimura T, Kohsaka S, Kaneko
Y, Inden Y, Takahashi N, Nagase S, Aizawa Y, Fukuda K. Tachycar-
dia-induced J-wave changes in patients with and without idiopathic
ventricular fibrillation. Circ Arrhythm Electrophysiol 2017;10. pii:
e005214. doi:10.1161/CIRCEP.117.005214.

17. Tikkanen JT, Junttila MJ, Anttonen O, Aro AL, Luttinen S, Kerola T,
Rissanen HA, Knekt P, Huikuri HV. Early repolarization: electrocar-
diographic phenotypes associated with favorable long-term outcome.
Criculation 2011;123:2666–2673.

18. Maruyama M, Atarashi H, Ino T, Kishida H. Osborn waves associated
with ventricular fibrillation in a patient with vasospastic angina. J Car-
diovasc Electrophysiol 2002;13:486–489.

19. Yan GX, Antzelevitch C. Cellular basis for the Brugada Syndrome and
other mechanisms of arrhythmogenesis associated with ST-segment
elevation. Circulation 1999;100:1660–1666.

20. Sato A, Watanabe H, Sonoda K, Chinushi M, Tsuda T, Izumi D, Furush-
ima H, Minamino T. Augmentation of the J wave by rapid pacing in a
patient with vasospastic angina. Int J Cardiol 2014;172:e111–e113.

http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0010
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0015
https://doi.org/10.1161/CIRCEP.117.005214
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30107-9/sbref0020
www.ajconline.org

	Conduction Delay-Induced J-Wave Augmentation in Patients With Coronary Heart Disease
	Methods
	Results
	Discussion
	Disclosures


