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Background: J	waves	 result	mainly	 from	 an	 increased	 density	 of	 transient	 outward	
 current (Ito).	Mechanical	stretch	to	the	heart	activates	multiple	signal	transduction	path-
ways, in which Ito may be involved. The purpose of this study was to test the  hypothesis 
that	mechanical	contact	of	lung	cancer	with	the	heart	may	manifest	J	waves.
Methods: We	reviewed	12-	lead	electrocardiograms	to	examine	whether	J	waves	were	
associated	with	contact	of	lung	cancer	with	the	heart.	J	waves	were	defied	as	an	eleva-
tion	of	≥0.1	mV	at	the	 junction	between	QRS	complex	and	ST	segment	with	either	
notching	or	slurring	morphology.	The	locational	interaction	between	lung	cancer	and	
the heart was determined by computed tomography image.
Results: A	total	of	264	patients	(176	men;	mean	68.5	±	10.7	years)	with	lung	cancer	
were	evaluated.	The	prevalence	of	J	waves	was	25.4%	in	the	total	population.	J	waves	
were	present	in	40	of	44	(90.9%)	patients	with	the	contact.	In	contrast,	J	waves	were	
present	in	25	of	220	(11.4%)	patients	without	the	contact.	The	sensitivity	and	specific-
ity	of	the	contact	for	J	waves	were	90.9%	and	88.6%,	respectively.	The	odds	ratio	of	
the	contact	with	the	heart	to	the	presence	of	J	waves	was	78	(95%	confidence	interval	
25.7–236.4).	The	appearance	of	J	waves	that	coincided	with	the	development	of	lung	
cancer	was	observed	in	12	patients.
Conclusion: The	presence	of	J	waves	was	associated	with	the	contact	of	lung	cancer	
with the heart.
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1  | INTRODUCTION

J	 waves	 are	 manifest	 on	 electrocardiogram	 (ECG)	 as	 a	 small	 sec-
ondary	R	wave	 (R′)	 at	 the	 junction	between	QRS	complex	 and	ST	
segment	or	a	slurred	wave	at	the	terminal	portion	of	QRS	complex.	
J	waves	were	 traditionally	 referred	 to	 as	Osborne	waves	 in	 hypo-
thermic	condition	(Osborn,	1953).	Recently,	attention	has	been	paid	
to	J	waves	as	an	arrhythmogenic	ECG	marker	in	idiopathic	ventric-
ular	 fibrillation	 (VF;	 Haissaguerre	 et	al.,	 2008),	 Brugada	 syndrome	
(Kawata	et	al.,	2013),	and	myocardial	ischemia	(Antzelevitch	&	Yan,	
2010;	Naruse	et	al.,	2012;	Rudic	et	al.,	2012).	An	experimental	study	
(Badri,	 Patel,	 &	 Yan,	 2015)	 demonstrated	 that	 transmural	 voltage	

gradient due to transient outward current (Ito). Ito is more prominent 
in the ventricular epicardium and the M cell than in the endocar-
dium,	mediating	a	spike-	and-	dome	morphology	of	action	potential.	
This	contributed	to	the	generation	of	J	waves.	The	transmural	elec-
trical gradient, when pronounced, exerted to form phase 2 reentry, 
providing	 a	 fundamental	 mechanism	 regarding	 J	 wave-	associated	
ventricular arrhythmia.

Anecdotal	 reports	 (Asteriou,	 Lazopoulos,	 Giannoulis,	 Kalafatis,	
&	 Barbetakis,	 2013;	 Nakazato,	 Ohmura,	 Shimada,	 &	 Daida,	 2003)	
demonstrated	 that	 mediastinal	 tumor	 was	 associated	 with	 the	 ap-
pearance	of	Brugada-	type	ECG	pattern	which	was	restored	to	a	nor-
mal	ECG	pattern	after	the	tumor	disappeared.	These	reports	suggest	
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that	mechanical	compression	to	the	heart	may	cause	a	Brugada-	type	
ECG	pattern	to	manifest.	Likewise,	pectus	excavatum	was	attributed	
to	 a	 Brugada-	type	 ECG	 pattern	 (Awad	 et	al.,	 2013;	 Kataoka,	 2002)	
Mechanical	 stretch	 on	 the	 myocardium	 alters	 biological	 regulation,	
including	 genetic	 expressions,	 intracellular	 signal	 transductions,	 and	
ionic	 currents	 (Hamill	 &	 Martinac,	 2001).	 Since	 lung	 cancer	 occu-
pies	 lesional	 volume	 in	 almost	 fixed	 space	 surrounded	 by	 the	 tho-
rax, intrathoracic tumor may exert a mechanical force to the heart. 
However,	whether	or	not	J	waves	occur	coincidently	with	lung	cancer	
is	 unknown.	We	 hypothesized	 that	 contact	 force	 by	 lung	 cancer	 to	
the heart may increase the density of Ito,	thus	presenting	J	waves.	The	
purpose of this study was to test this hypothesis.

2  | MATERIALS AND METHODS

2.1 | Study population

A	 total	 of	 264	 patients	 (176	 men;	 mean	 age,	 68.5	±	10.7	years)	
who	 suffered	 lung	 cancer	 were	 enrolled	 in	 this	 study.	 The	 lung	
cancer	was	primary	in	all	patients	of	this	study.	The	patients	were	
admitted	in	the	University	Hospital	of	Shiga	University	of	Medical	
Science.	No	patient	had	any	heart	disease	on	 the	hospital	 admis-
sion.	 Figure	1	 depicts	 the	 number	 of	 patients	 who	 underwent	
12-	lead	 ECG	 recording,	 computed	 tomography	 (CT)	 of	 the	 chest,	

or	 both	 before,	 on,	 and	 after	 the	 hospital	 admission.	 All	 patients	
underwent	 these	 examinations	 on	 the	 hospital	 admission.	 ECGs	
were	recorded	before	the	hospital	admission	in	11	of	264	patients.	
One	hundred	and	 three	of	264	patients	underwent	chest	CT	and	
ECG	recording	after	the	hospital	admission.	None	met	the	criteria	
for	a	 typical	ECG	pattern	associated	with	Brugada	syndrome	 (i.e.,	
coved-	type	ST-	segment	elevation	in	the	right	precordial	leads).	No	
patients	 had	 family	 history	 of	 sudden	 cardiac	 death.	Medications	
that	may	affect	J	waves,	such	as	β- blocker and calcium antagonist, 
were	not	prescribed	in	any	patients.	In	addition,	patients	who	were	
prescribed	antiarrhythmic	drugs,	psychotropic	drugs,	or	anesthetics	
were	 not	 present.	No	 one	 took	 alcohol	 or	 cocaine	 habitually.	 All	
patients	were	afebrile	when	they	underwent	ECG	recording	and	CT	
imaging.	The	 research	protocol	was	approved	by	 the	 Institutional	
Review	 Board	 of	 Shiga	 University	 of	 Medical	 Science	 (approval	
number:	19-	75).

2.2 | Data analysis

Electrocardiogram	 analysis	 was	 performed	 using	 software	
(MUSE7.1,	 GE	 Marquette	 Medical	 Systems,	 Inc.,	 Milwaukee,	 WI,	
USA).	 The	12-	lead	ECG	was	 recorded	at	 rest	 for	10	s	 at	 a	 sweep	
speed	 of	 25	mm/s,	 calibrated	 to	 1	mV/cm	 in	 the	 standard	 leads.	
The	ECG	data	were	digitally	stored	in	a	12-	bit	server	computer	with	
a	 sampling	 interval	 of	 2	ms.	 The	ECGs	were	 recorded	before,	 on,	
and	 after	 the	 hospital	 admission.	 The	 J	wave	was	 defined	 as	 the	
degree	of	the	J-	point	elevation	with	an	amplitude	of	≥0.1	mV.	The	
morphology	was	either	slurred	 (a	smooth	transition	from	the	QRS	
complex	to	the	ST	segment)	or	notched	(a	positive	deflection	at	the	
terminal	QRS	complex)	in	at	least	two	conjugate	leads.	The	sites	of	
ECG	leads	presenting	J	wave	were	anterior	precordial	leads	(V1 to 
V3),	inferior	leads	(II,	III,	and	aVF),	lateral	leads	(I,	aVL,	and	V4	to	V6), 
or	 inferolateral	 leads	(II,	 III,	aVF,	 I,	aVL,	and	V4	to	V6).	The	J-	point	
amplitude	was	measured	at	the	QRS-	ST	junction	in	case	of	slurred	
morphology	or	the	peak	J-	point	in	the	case	of	notched	morphology.	
Two	 trained	 cardiologists	 independently	 evaluated	 12-	lead	 ECGs	
for	 the	presence	of	 J	wave	with	a	blind	 technique.	All	ECGs	con-
taining	J-	wave	patterns	were	double-	checked.	Patients	with	bundle	
branch	 block	 or	 intraventricular	 conduction	 disturbance	were	 ex-
cluded from this study.

A	64-	slice	 computed	 tomography	 scan	 (Aquilion	ONE,	Toshiba	
Medical	Systems,	Corp.,	Otawara,	Japan)	was	 introduced	 to	deter-
mine	 location	 of	 lung	 cancer	 and	 determine	whether	 or	 not	 lung	
cancer contacted the heart with no contrast media. During the CT 
scan,	patients	were	 laid	 in	a	supine	position	and	held	their	breath.	
The	findings	of	CT	images	were	interpreted	in	a	blind	manner	to	ECG	
findings.

2.3 | Statistical analysis

Data	 were	 presented	 as	 mean	±	standard	 deviation,	 number,	 or	
percentage.	 Group	 comparisons	 were	made	 using	 t	 test	 or	Mann–
Whitney test, as appropriate. Categorical variables were compared 

F IGURE  1 A	schema	depicting	data	collection	in	this	study.	
Twelve-	lead	electrocardiograms	(ECGs)	and	chest-	computed	
tomography (CT) were recorded on hospital admission in all patients 
enrolled (n	=	264).	Eleven	patients	underwent	ECG	recording	before	
hospital	admission;	while	103	patients	underwent	ECG	recording	and	
CT image after hospital admission

•
•

• •
•

TABLE  1 Characteristics	of	J	waves	(n	=	65)

J- wave morphology

Notching  
(n = 45)

Slurring 
(n = 20)

Amplitude	of	J	waves

≥0.2	mV 9 (20.0) 8	(40.0)

Site	of	J	waves

Inferior	leads	(II,	III,	aVF) 34	(75.6) 16	(80.0)

Lateral	leads	(I,	aVL,	V5,6) 6 (13.3) 0 (0)

Inferolateral	leads	(II,	III,	aVF,	I,	
aVL,	V5,6)

2 (4.4) 1	(5.0)

Right	anterior	leads	(V1–3) 3 (6.7) 3	(15.0)

Values	are	expressed	as	n	(%).
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using χ2	test.	All	statistical	tests	were	two	tailed,	and	a	value	of	p	<	.05	
was	considered	significant.

3  | RESULTS

3.1 | Characteristics of study population

J	waves	were	 found	 in	 67	 of	 264	 patients,	 resulting	 in	 the	 over-
all	prevalence	of	25.4%	in	this	study	population.	Table	1	shows	the	
characteristics	of	J	waves.	The	notched	J	waves	were	more	preva-
lent	 than	 the	 slurred	 J	waves.	 The	 J	waves	were	most	 frequently	
present	 in	 inferior	 leads.	 In	 the	 patients	 presenting	 J	 waves,	 44	
(65.7%)	patients	showed	contact	of	 lung	cancer	with	 the	heart	on	
CT	 image.	 Figure	2	 shows	 a	 representative	 case	who	 presented	 J	
waves	in	leads	II,	III,	and	aVF.	This	patient	was	an	80-	year-	old	male.	
There	 existed	 lung	 cancer	 in	 the	 right	 lower	 field	 on	 his	 chest	 X-	
ray. Chest CT image showed that the lung cancer contacted the 
heart.	 Figure	3	 shows	 a	 representative	 case	 who	 did	 not	 present	
J	waves	 in	 any	 lead.	 This	 patient	was	 a	 63-	year-	old	 female.	 Lung	
cancer	was	situated	near	the	hilum	of	the	left	lung	on	his	chest	X-	
ray. Chest CT image revealed that the lung cancer was located away 
from	 the	 heart.	 Table	2	 shows	 the	 relation	 between	 J	waves	 and	
contact	of	lung	cancer	with	the	heart.	J	waves	were	observed	in	40	
of	44	(90.9%)	of	patients	whose	lung	cancer	contacted	the	heart.	In	
contrast,	J	waves	were	present	only	 in	25	of	220	(11.4%)	patients	
whose lung did not contact the heart on CT image (p < .0001, by χ2 
test).	The	sensitivity	and	specificity	of	the	contact	to	the	presence	
of	J	waves	were	90.9%	and	88.6%,	respectively.	The	odds	ratio	of	

the	contact	with	the	heart	to	the	presence	of	J	waves	was	78	(95%	
confidence	interval	25.7–236.4).

3.2 | Locational interaction between J waves and 
lung cancer

Table	3	shows	interaction	between	locations	of	lung	cancer	and	ECG	
leads	presenting	J	waves	in	patients	whose	lung	cancer	contacted	the	
heart (n	=	40).	Most	of	J	waves	were	present	in	inferior	leads,	when	
lung	cancer	existed	in	the	right	lung.	Similarly,	the	majority	of	J	waves	
were	present	 in	 inferior	 leads,	when	 lung	 cancer	 existed	 in	 the	 left	
lung.

3.3 | Appearance of J wave

J	waves	appeared	in	eight	of	11	patients	who	underwent	ECG	record-
ing	before	the	hospital	admission	and	in	four	of	103	patients	who	un-
derwent	ECG	recording	after	the	hospital	admission.	Figure	4	shows	
a	 representative	 case	 whose	 J	 waves	 appeared	 with	 development	
of	 lung	cancer.	This	patient	was	a	61-	year-	old	woman.	She	did	not	
show	J	waves	before	 the	hospital	 admission	at	 the	age	of	59	years	
old	 (Figure	4a).	She	was	admitted	to	our	University	Hospital	 for	 the	
treatment of lung cancer at the age of 61 years old. On the hospital 
admission,	J	waves	appeared	in	leads	II,	III,	and	aVF	(Figure	4b)	and	CT	
image	showed	contact	of	lung	cancer	with	the	heart.	Figure	5	shows	
a	representative	case	whose	J	waves	appeared	with	exacerbation	of	
lung	cancer.	This	patient	was	a	57-	year-	old	man.	He	was	admitted	to	
treat	lung	cancer.	On	the	hospital	admission,	J	waves	were	absent	and	

F IGURE  2 An	80-	year-	old	man	with	
notched	J	waves	(arrows)	in	leads	II,	III,	and	
aVF	on	12-	lead	ECG.	Chest	x-	ray	shows	
that lung cancer is located in the right 
lower field. CT image demonstrates that 
lung cancer contacts the heart
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the	lung	cancer	did	not	contact	with	the	heart	(Figure	5a).	However,	
1	year	after	the	hospital	admission,	the	lung	cancer	worsened,	contact-
ing	the	heart.	J	waves	were	simultaneously	present	in	leads	II,	III,	and	
aVF	(Figure	5b).

3.4 | Follow- up

We	 assessed	 whether	 patients	 with	 J	 waves	 developed	 life-	
threatening	 events	 in	 179	 (67.8%)	 patients	 whose	 prognosis	 could	
be	pursued	after	the	hospital	admission.	During	the	mean	follow-	up	
period	of	1,016.4	±	772.1	days,	49	patients	died.	No	patients	devel-
oped	life-	threatening	events	due	to	cardiac	origin.	Although	CT	image	
and	ECG	recording	were	taken	during	the	follow-	up	period	in	103	pa-
tients,	disappearance	of	J	waves	could	not	be	seen	 in	patients	who	
had	J	waves	on	the	hospital	admission,	because	ECG	recording	was	
not	taken	in	patients	whose	lung	cancer	was	resolved	after	the	treat-
ments	such	as	surgical	resection	and/or	chemotherapy.

4  | DISCUSSION

Osborne	 first	 reported	 J	 waves	 in	 hypothermic	 dogs	 in	 1953	
(Osborn,	1953).	J	waves	have	recently	been	recognized	in	patients	
with	hypothermia	as	secondary	depolarizations	with	small	amplitude	
at	the	terminal	portion	of	QRS	complex	(Okada,	Nishimura,	Yoshino,	
Kimura,	&	Ogino,	1983;	Thompson,	Rich,	Chmelik,	&	Nelson,	1977)	
Coexistence	 of	 J	waves	with	 early	 repolarization	 suggested	 that	 J	
waves	are	involved	in	repolarizing	process	of	the	membrane	potential	
(Gussak,	Bjerregaard,	Egan,	&	Chaitman,	1995).	Yan	and	Antzelevitch	
(1996)	performed	an	elegant	experiment	showing	a	significant	causal	
relationship	of	transmural	voltage	gradient	during	phase	1	of	action	
potential	with	J	waves	on	ECG.	Hence,	they	proposed	a	critical	role	
of Ito	in	generating	J	waves.	In	this	study,	we	for	the	first	time	found	

F IGURE  3 A	63-	year-	old	woman	
without	any	J	wave	on	12-	lead	ECG.	Lung	
cancer is present near the left hilum of lung 
on chest x- ray. CT image demonstrates that 
lung cancer exists apart from the heart
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TABLE  2 Relation	between	J	waves	and	contact	of	lung	cancer	
with the heart

Contact  
(+, n = 44)

Contact  
(‒, n = 220)

J	waves	(+,	n	=	65) 40 (90.9) 25	(11.4)

J	waves	(‒,	n = 199) 4 (9.1) 195	(88.6)

Values	are	expressed	as	n	(%)	in	each	2	×	2	cell.	In	each	cell,	the	number	in	
parentheses	 indicates	a	 ratio	of	patients	with	or	without	J	waves	 in	 the	
presence	of	contact	of	lung	cancer	with	the	heart	and	that	of	patients	with	
or	without	J	waves	in	the	absence	of	contact	of	lung	cancer	with	the	heart.

TABLE  3 Relation	between	location	of	lung	cancer	and	ECG	leads	
presenting	J	waves	(n = 40)

Location of lung cancer

Right lung  
(n = 20)

Left lung 
(n = 20)

Inferior	leads	(II,	III,	aVF) 14 (70.0) 17	(85.0)

Lateral	leads	(I,	aVL,	V5,6) 1	(5.0) 1	(5.0)

Inferolateral	leads	(II,	III,	aVF,	I,	
aVL,	V5,6)

2 (10.0) 2 (10.0)

Right	anterior	leads	(V1–3) 3	(15.0) 0 (0)

Values	are	expressed	as	n	(%).
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the	association	of	J	waves	with	lung	cancer.	The	major	findings	are	as	
follows:	(i)	the	prevalence	of	J	waves	was	more	frequent	in	patients	
with	lung	cancer	contacting	the	heart	than	in	patients	with	lung	can-
cer	apart	from	the	heart,	(ii)	the	appearance	of	J	waves	was	related	to	
the development of lung cancer, and (iii) no life- threatening events 

derived	from	cardiac	origin	occurred	in	patients	with	J	waves	during	
the	 follow-	up.	 These	 results	 provide	 the	 first	 evidence	 in	 support	
of the hypothesis that an occurrence of mechanical contact force 
on	 the	ventricular	myocardium	accentuates	 the	manifestation	of	 J	
waves.

F IGURE  4 A	61-	year-	old	woman	who	presented	J	waves	coincidently	with	development	of	lung	cancer.	(a)	No	J	wave	was	detected	before	
the	hospital	admission.	(b)	J	waves	with	slurring	morphology	(arrows)	appeared	in	leads	II,	III,	and	aVF,	when	lung	cancer	contacted	the	heart	on	
the hospital admission

II III aVF II III aVF

(a) (b)

F IGURE  5 A	57-	year-	old	man	in	which	J	waves	appeared	after	hospital	admission.	(a)	J	waves	were	absent,	when	lung	cancer	did	not	contact	
the	heart	on	the	hospital	admission.	(b)	J	waves	with	notched	morphology	(arrows)	appeared	in	lead	II,	III,	and	aVF,	when	lung	cancer	contacted	
the heart because of the exacerbation after the hospital admission

II III aVF II III aVF
(a) (b)



6 of 7  |     HAYASHI et Al.

4.1 | J waves and lung cancer

J-	wave	manifestation	was	attributed	to	various	factors,	including	anoxia,	
injury	current,	acidosis,	delayed	ventricular	depolarization,	and	early	ven-
tricular	repolarization.	Presence	of	action	potential	notch	during	phase	
1 that is more prominent in the epicardium than in the endocardium re-
sults	in	the	transmural	repolarization	gradient,	presenting	J	waves	at	a	
junction	between	QRS	complex	and	ST	segment	 (Yan	&	Antzelevitch,	
1996).	The	regional	difference	in	the	contribution	of	Ito	was	verified	with	
patch-	clamp	techniques	(Liu,	Gintant,	&	Antzelevitch,	1993).	Therefore,	
the	shape	and	the	amplitude	of	J	waves	depend	on	(i)	the	transmural	dis-
tribution	of	action	potential	notch	amplitude,	(ii)	the	relative	time	course	
of	the	early	phases	of	action	potential	at	different	sites	within	the	ven-
tricular	wall,	(iii)	the	propagation	sequence	of	activation	in	the	ventricle,	
and	(iv)	the	conduction	time	across	the	ventricular	wall.

Tarin,	Farre,	Rubio,	Tunon,	and	Castro-	Dorticos	(1999)	reported	a	
Brugada-	like	ECG	in	patients	with	metastatic	tumor	in	the	mediastinal	
space	that	compressed	the	right	ventricular	outflow	tract.	In	their	case,	
the	 tumor-	induced	mechanoelectric	 transduction	might	 affect	 ionic	
channels	and	gap	junction	conductance	in	the	right	ventricular	outflow	
tract,	presumably	giving	rise	to	the	rSR′	pattern	and	the	ST-	segment	
elevation	 in	 the	 right	 precordial	 leads.	Disappearance	of	 these	ECG	
abnormalities	that	occurred	after	surgical	removal	of	the	tumor	sug-
gests	the	possible	effect	of	mechanoelectric	transduction	on	J	waves.	
In	Brugada	syndrome,	a	coved-	type	ST-	segment	elevation	in	the	right	
precordial	leads	is	mainly	due	to	the	transmural	repolarization	gradient	
from the endocardium to the epicardium caused by increased Ito in 
the	right	ventricular	outflow	tract.	The	transient	outward	current	that	
accentuates	the	action	potential	results	in	the	prolongation	of	action	
potentials	of	the	epicardium	in	the	region	of	the	right	ventricular	out-
flow	tract,	causing	negative	T	wave	in	the	same	leads.	We	(Miyamoto,	
Hayashi,	 Ito,	&	Horie,	2011)	experienced	a	case	with	anterior	medi-
astinal	 tumor	 which	 surrounded	 the	 right	 ventricular	 outflow	 tract	
appeared	 to	 be	 associated	 with	 ST-	segment	 elevation,	 conduction	
disturbance,	and	abnormal	repolarization	in	the	right	precordial	leads.	
This	 study	demonstrated	 that	 appearance	of	J	waves	was	observed	
coincidently with development of lung cancer. This phenomenon may 
result	from	the	reverse	process	of	the	above-	mentioned	anecdotal	re-
ports (Miyamoto et al., 2011; Tarin et al., 1999).

4.2 | Possible mechanisms of J waves in lung cancer

Ito	density	is	attributed	to	gene	expression.	The	molecular	basis	for	the	
transmural	distribution	of	Ito has been proposed. The transmural gradi-
ent of Ito	in	the	dog	has	been	ascribed	to	a	transmural	distribution	of	
(i) KCND3 gene (Kv4.3) encoding the subunit of the Ito channel, (Zicha 
et al., 2004), (ii) KChIP2,	a	subunit	that	coassembles	with	Kv4.3,	(Rosati	
et al., 2001), and (iii) IRX5,	a	transcriptional	factor	regulating	KCND3 
(Costantini	et	al.,	2005;	Rosati	et	al.,	2001).	Although	we	did	not	inves-
tigate	whether	gene	mutation	was	present	in	this	study	population,	it	
might be speculated that the mechanical stretch through the contact 
force	of	lung	cancer	to	the	heart	could	affect	gene	expression,	altering	
Ito	availability.	In	addition,	the	mechanical	stretch	to	the	myocardium	

may	modulate	 stretch-	activated	 ion	 channel	 availability	 (Peyronnet,	
Nerbonne,	&	Kohl,	2016).	Furthermore,	 the	mechanical	 stretch	may	
increase Ca2+ current, which may result in an increase in Ca2+-	sensitive	
Ito.	Besides,	Ito	increases	when	myocardial	ischemia	occurs.	Given	the	
contact force to the epicardial myocardium results in disturbance of 
microcirculation,	regional	ischemia	may	cause	Ito to increase.

Another	mechanism	of	J	waves	might	be	due	 to	 intraventricular	
conduction	 delay	 (Antzelevitch	 et	al.,	 2016).	 In	 Brugada	 syndrome,	
fibrosis	and	reduced	connexin	expression	in	the	right	ventricular	out-
flow	 tract	 renders	 conduction	 slow	 and	 discontinuous,	which	 leads	
to	arrhythmogenesis	 (Nademanee	et	al.,	2015).	This	scenario	 is	sup-
ported	by	the	evidence	that	application	of	radiofrequency	ablation	to	
the	epicardium	in	the	right	ventricular	outflow	tract	reduced	arrhyth-
mic	events	as	well	as	ameliorated	ST-	segment	elevation	 in	 the	 right	
precordial	 leads	 (Nademanee	et	al.,	2011).	Besides	the	right	ventric-
ular	outflow	 tract,	 conduction	delay	present	 somewhere	else	 in	 the	
ventricle	may	give	rise	to	J	waves.	Contact	of	the	heart	with	lung	can-
cer	or	the	diaphragm	may	generate	slow	conduction	in	the	ventricle,	
contributing	to	manifestation	of	J	waves.

The	locational	interaction	of	J	waves	with	lung	cancer	deserves	
noting.	As	shown	in	Table	3,	the	J	waves	were	most	prevalent	in	the	
inferior	leads.	This	finding	is	different	from	an	actual	contact	site	of	
lung cancer with the heart. It is speculated that the diaphragm may 
play	a	 role	 in	generating	J	waves	 in	 this	 study.	When	 the	heart	 is	
compressed	by	lung	cancer	from	the	upper	part,	the	heart	may	shift	
downward.	Under	this	pathologic	situation,	the	inferior	wall	attach-
ing to the diaphragm may exert contact force, which could give rise 
to	manifesting	J	waves.	In	addition,	Ito may be abundant in the infe-
rior	wall	of	the	ventricle	compared	to	other	sites	of	the	left	ventricle.

To	date,	J	waves	have	been	reported	to	be	a	cautious	marker	in-
dicating	 possibility	 of	 life-	threatening	 arrhythmia.	 Despite	 the	 high	
prevalence	rate	of	J	waves	in	this	study	population,	no	life-	threatening	
arrhythmic events occurred. We do not know the reason exactly; but, 
a	possible	explanation	is	that	the	follow-	up	period	of	this	study	was	
too	short	as	compared	to	previous	studies	(Haissaguerre	et	al.,	2008;	
Olson,	Viera,	Soliman,	Crow,	&	Rosamond,	2011;	Rollin	et	al.,	2012;	
Sinner et al., 2010; Tikkanen et al., 2009).

4.3 | Study limitations

There	are	some	limitations	in	this	study.	Fist,	most	results	of	this	study	
were	obtained	mainly	from	the	cross-	sectional	observation.	Second,	
though	no	patient	suffered	from	life-	threatening	arrhythmia,	whether	
or	not	J	waves	observed	in	patients	with	lung	cancer	are	arrhythmo-
genic	remains	further	to	be	investigated.	Therefore,	we	have	to	con-
tinue	to	assess	the	prognosis	of	this	study	population.

5  | CONCLUSIONS

A	 spatial	 dispersion	 of	 repolarization	 caused	 by	 heterogeneous	 ex-
pression of Ito may be caused by the contact dynamics of lung cancer 
in	this	study.	This	study	provided	a	novel	clinical	entity	of	J	waves.
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