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Background: The ] wave syndromes (JWS) could be observed in patients with mediastinal tumors, though
few studies have verified the statistical correlation between J waves and cardiac compression by tumors.
This study aimed to investigate the relationship between J waves and cardiac compression by esophageal
tumor and to compare the prediction of J waves on clinical prognosis with that of cardiac compression by
esophageal tumor.

Methods: We enrolled 273 patients (228 males, 45 females; mean 63.8+7.5 years) with esophageal tumors
admitted to Shanghai Chest Hospital between August 2016 and November 2020. The J wave was defined
as a J-point elevation of 0.1 mV in a 12-lead electrocardiogram (ECG) and classified into multiple types.
Chest computed tomography (CT) was reviewed to clarify the anatomical relationship between the heart and
the esophageal tumor. The prognosis of severe cardiac events and survival status were followed up through
medical history, examination records and telephone records.

Results: ] waves were present in 141 patients among all 273 cases. The sensitivity and specificity of cardiac
compression by the tumor for ] waves were 78.1% and 67.3%, respectively. The odds ratio (OR) of cardiac
compression by the tumor to J waves was 7.33 [95% confidence interval (CI): 4.21-12.74; P<0.001]. The
Kappa coefficient between J waves and cardiac compression was 0.44x0.05. The significance association
between J waves and cardiac compression was independent from other clinical variables (P<0.001). Decreased
J wave amplitude was correlated with the disappearance of cardiac compression during follow-up (P=0.03).
Patients with ] waves had a higher risk of severe cardiac events than those without ] waves (OR =2.84, 95%
CI: 1.22-6.63; P=0.01). During the follow-up period, we found that the presence of ] waves [hazard ratio (HR)
=2.28; 95% CI: 1.35-3.84; P=0.002] and cardiac compression by the tumor (HR =2.51; 95% CI: 1.51-4.17,
P<0.001) were both negatively correlated with the survival time of patients.

Conclusions: The presence of ] waves could be used as an effective mean to predict the mechanical impact

of esophageal tumor on the heart, and played an important role in predicting the survival of patients.
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Introduction

Esophageal tumor is a major health problem associated
with high mortality rate (1). The patients with esophageal
tumors have poor prognosis with a 5-year survival rate of
only 18.8% (2). The early detection and treatment may
help in increasing the survival chance of the patients (3).
At present, the endoscopy and pathological biopsy are the
gold standards for the diagnosis of esophageal cancer (4).
However, the appearance of the early stage of esophageal
cancer has challenges because it can be located randomly
throughout the esophagus tube (5). Additionally, the accurate
detection requires experienced physicians and they are often
overlooked during endoscopy surveillance (6). Besides,
this process adds an additional invasive procedure (7).
Thus, there is a pressing need to explore a more accurate
and less invasive screening tool to allow the early detection
of esophageal tumors.

J wave is common in electrocardiogram (ECG) as a
distinctive deflection at the QRS-ST junction (STj), which
can follow the QRS complex or be partly buried inside the
QRS as notching or slurring (8). Traditionally, ] waves were
referred to as Osborne waves in hypothermic condition, and
are associated with a host of conditions such as hypothermia (9),
hypercalcemia (10), subarachnoid hemorrhage (11),
myocardial ischemia (12,13), and especially ventricular
arrhythmias (14,15). J wave syndromes (JWS) are disorders
of ventricular repolarization that are characterized by
prominent ] waves on ECG, which may lead to lethal
ventricular arrhythmias (16). It is considered that JWS
consists of Brugada syndrome (BrS) and early repolarization
syndrome (ERS) (17). The two syndromes have different
characteristics of ] waves, but both of them are closely
related to transmural distribution of the transient outward
current (Ito) (8).

BrS is closely related to genetic factors, yet it can also be
caused by cardiac mass compression (18). Tarin et al. (19)
reported a Brugada-like pattern ECG caused by
compression of the right ventricular outflow tract by a
giant mediastinal tumor, which disappeared after surgical
resection. Similarly, Asteriou er /. (20) and Nakazato
et al. (21) also demonstrated that mediastinal tumor
was implicated with the appearance of Brugada-like
ECG pattern which returned to normal after the tumor
disappeared. Hayashi er 4. (22) demonstrated that J waves
were associated with the contact of lung tumors with the
heart. In terms of esophageal tumors, due to the anatomical
characteristics of esophagus close to heart and lungs, they
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may exert mechanical force to the heart. Interestingly,
Sasaki er al. (23) reported a case in which Brugada-like
ECG was detected after reconstructive surgery for an
esophageal tumor. Taken together, we hypothesized that
cardiac compression induced by esophageal tumors may be
associated with the etiology of ] waves.

Prognostic factors are essential in advancing patient
tailored medicine. Several tumor and clinical characteristics
may identify patients with a poor prognosis (24). Presently,
there have been several prognostic factors for esophageal
tumors, such as tumor size, histological grade, and lymph
node involvement (24). Previous study has reported that
patients with BrS are at high risk for sudden cardiac death
(SCD) due to ventricular fibrillation (VF) (25). A recent
study investigated the long-term prognosis of patients with
JWS and revealed that the presence of global J waves was
associated with a higher incidence of VF recurrence in
patients with JWS (26). We speculated that ] waves may
also act as a prognostic factor for patients with esophageal
tumors, although no lethal ventricular arrhythmia and
other serious heart diseases were found in any of the above
reports (19-23).

Therefore, our study aimed to investigate the
relationship between J waves and cardiac compression by
esophageal tumor and to compare the prediction of ] waves
on clinical prognosis with that of cardiac compression by
esophageal tumor. Our results may provide theoretical
basis for explanation the appearance of J waves, as well
as predicting the prognosis in patients with esophageal
tumors. We present the following article in accordance with
the STARD reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-371/rc).

Methods

We conducted this retrospective cohort study by reviewing
previous cases, analyzing previous examinations and
following up prognostic events. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the ethics committee
of Shanghai Chest Hospital (No. KS21004). All participants
signed the informed consent.

Patient population

Data were retrospectively collected from all patients with
esophageal tumors admitted to Shanghai Chest Hospital
between August 2016 and November 2020. The inclusion
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Table 1 Demographic characteristics of ] waves (n=141)
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J wave patterns according to leads

J wave classification

I, Il and aVF land aVL, V4-V6 |andaVL,V4-V6 Il Ill, and aVF, V4-V6 V1-V3 Total

J wave morphology classification

1 (QRS end notching, STj =0.1 mV) 8 1 0 0 2 3 14

2 (QRS end notching, STj <0.1 mV) 44 3 1 0 1 2 51

3 (QRS end slurring, STj =0.1 mV) 2 0 0 0 0 0 2

4 (QRS end slurring, STj <0.1 mV) 29 2 0 0 1 0 32

5 (ST-segment upward sloping, STj 14 1 7 0 4 1 27

>0.1 mV, no QRS end notching or

slurring)

Mixed 9 0 0 2 4 0 15

Total 106 7 8 2 12 6 141
ST-segment patterns

Type | 22 2 1 1 0 4 30

Type Il 84 5 7 1 12 2 111
J wave amplitude =0.2 mV 26 1 0 0 3 0 30

aVR, augmented voltage, right arm; aVL, augmented voltage, left arm; aVF, augmented voltage, left foot; QRS, QRS wave complex; STj,

ST junction.

criteria were as follows: (I) patients with complete ECG
and CT imaging before treatment; (II) patients whose ECG
recording and corresponding chest CT imaging were less
than 4 weeks apart; (III) patients without any other chest
tumor; and (IV) patients without ventricular block in ECG.

12-lead ECG assessment

ECG images were collected using a digital
electrocardiograph (aECG-12PWL, Nalong, China). The
12-lead ECG was recorded with patients in the supine
position. It was recorded at rest for 12 s at a paper speed
of 25 mm/s, with an amplification of 10 mm/mV. The
J wave was defined as an elevation in the STj with an
amplitude of >0.1 mV and a duration of >20 ms in at least
two consecutive leads. The waveforms of the J waves were
classified according to the standard proposed by Heng
et al. (27). The prevalence and demographic characteristics
of QRS end notching or slurring and of the associated
STj amplitude were observed. Notching was defined
as a positive deflection at the end of the QRS complex,
and slurring was defined as a slower terminal waveform
transitioning from the QRS complex to the ST segment.
There were six different morphology types of the ] waves
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in our study, including five conventional types and one
mixed type. The different interpretations of morphology
types are shown in Table 1. A mixed type was defined by a
mixture of types 1 to 4, with STj not exceeding 0.1 mV. The
classification of the ] waves was also similar to that used by
Heng et al. (27), except that V1 to V3 were included in our
study (Zable 1). The Brugada patterned ECG was defined as
a ] wave with an amplitude of >0.2 mV, and was considered
malignant. The morphology of ST segments after ] waves
was observed and classified according to the method
used by Tikkanen er al. (28): (I) type I, with a horizontal/
descending ST segment; or (II) type II, with a concave/
rapidly ascending ST segment.

The presence of ] waves in 12-lead ECGs was evaluated
by three experienced cardiologists, and two of them
independently evaluated all of the ECGs for ] waves using
the blind method. After the research organizer summarized
the results, all ECGs with different conclusions were
evaluated by the third cardiologist, who was blinded to the
determination of her colleagues.

Chest computed tomography image assessment

A 128-slice spiral CT was applied in our study. CT scans

7 Gastrointest Oncol 2022;13(3):923-934 | https://dx.doi.org/10.21037/jgo-22-371



926

were obtained with a 128-detector row scanner (Brilliance
iCT, Philips, USA) at the end of inspiration during a single
breath hold. Chest Enhanced Scan (mediastinal) three-
dimensional reconstruction technology was applied and
enhanced scanning was used. All of the chest CT scans were
performed with a section thickness and interval of 5 mm and
a pitch of 1.375. All patients were given 100 mL of non-ionic
contrast agent intravenously. CT images were collected with
the patient in the supine position. The esophageal segment
where the esophageal tumor was located was recorded. The
criteria for esophageal tumor compressing the heart were
as follows: (I) the tumor contacted the pericardium directly;
(II) the fat space between esophagus and pericardium had
disappeared; and (III) the shape of the heart had changed
under the external force of the tumor. Three experienced
radiologists evaluated the CT images. Two of them
independently analyzed all of the chest CT images and
determined whether the esophageal tumor compressed the
heart. After the organizer summarized the findings, the third
radiologist (who was blinded to the determination of his
colleagues) was invited to re-evaluate all of the CT images.
The evaluation of CT images was carried out in a blinded
manner to the ECG results.

Clinical event assessment

Severe cardiac events were defined as follows: SCD, VE,
sustained ventricular tachycardia (V'T), or acute coronary
syndrome (ACS). We tracked the survival status and severe
cardiac events of the patients since the initial admission.
Follow-up for clinical events was mainly performed by
review of the inpatient or outpatient medical records,
Holter recording, and telemetry data. Telephone tracking
of events was used as a supplement for patients with
incomplete medical records.

Statistical analysis

Statistical analysis was performed using SPSS 22.0 software
(IBM Co., Armonk, NY, US). Normally distributed
continuous variables were expressed as mean = standard
deviation. Qualitative data were expressed in the form of
n (%). Group comparisons were conducted using the chi
-square test. The odds ratio (OR) and corresponding 95%
confidence interval (CI) were calculated to investigate
significant differences in the distribution of each
characteristic between groups. Univariate and multivariate
logistic regression analysis were used to explore whether
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there was an independent significant association between
two clinical variables. The variables with P<0.1 in univariate
logistic regression analysis were included in multivariate
analysis, and the “enter” method was used to fit the model.
The variables with P<0.05 in multivariate analysis were
considered to be independently correlated. Differences in
the median survival time between groups were compared
by Kaplan-Meier cumulative survival curves and by using
the log-rank test. Differences in the risk of death between
groups were calculated by a Cox proportional hazards
model. A two-sided P<0.05 was considered statistically
significant.

Results
Baseline characteristics

Between August 2016 and November 2020, a total of
385 patients who suffered from esophageal tumors were
included in the initial study group. The final analysis
included 273 patients (Figure I), including 228 males and
45 females, with a mean age of 63.8+7.5 years (range,
36-91 years). Of these, 165 patients underwent surgical
resection of esophageal tumor, 211 patients received
radiotherapy, and 192 patients received chemotherapy.

J waves occurred in 141 (51.6%) patients. Table 1 shows
the characteristics of the J waves, which were far more
prevalent in the inferior leads (I, III, and aVF) than other
leads. Type II was the most frequent morphology pattern.
The presence of ] waves with an amplitude >0.2 mV was
observed in 30 patients (11.0%). No typical Brugada-
patterned ECG was observed.

No multifocal esophageal tumors were found in the CT
images. Esophageal tumors were located in the cervical
segment of the esophagus in seven patients, the upper-
thoracic segment in 26 patients, the middle-thoracic
segment in 71 patients, and the lower-thoracic segment
in 40 patients. Esophageal tumors crossed the upper and
middle thoracic segments in 28 patients, and the middle
and lower thoracic segments in 101 patients. Cardiac
compression by esophageal tumor was observed in 114
(41.8%) patients.

Relationship between F waves and cardiac compression by
esopbageal tumor

Table 2 shows the relationship between ] waves and cardiac
compression by esophageal tumor. The sensitivity and
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385 patients were screened

to investigate the integrity of

ECG recording and chest CT imaging

Y

927

34 patients were excluded due to incomplete

351 patients were screened to

check the time interval of ECG

recording and corresponding chest CT imaging

Y

ECG or CT imaging before treatment

53 patients were excluded as their

298 patients were screened to exclude patients with ECG
waveforms that affect the diagnosis of J waves

Y

»| ECG recording and corresponding chest CT
imaging were more than 4 weeks apart

22 patients were excluded for bundle branch

276 patients were screened to exclude patients with other
chest tumors that may oppress the heart besides esophageal
tumors

Y

- block in ECG

273 patients were included in the analyses

> 3 patients were excluded for lung cancer

Figure 1 The analysis included 273 patients. ECG, electrocardiogram; CT, computed tomography.

Table 2 Correlation between J waves and cardiac compression by esophageal tumor (n=273)

Cardiac compression by tumor

Group X P value OR (95% CI) Kappa value
+ (n=114) - (n=159)

J waves (+) (n=141) 89 (78.1) 52 (32.7) 54.72 <0.001 7.33 (4.21-12.74) 0.44+0.05

J waves (=) (n=132) 25 (21.9) 107 (67.3)

Values are expressed as n (%) or mean + SD. OR, odds ratio; Cl, confidence interval.

specificity of cardiac compression by tumor to the presence
of ] waves were 78.1% and 67.3%, respectively. The OR
of cardiac compression by tumor to J waves was 7.33 (95%
CI: 4.21-12.74; P<0.001). The consistency test result of J
waves and cardiac compression by tumor showed that kappa
coefficient was 0.44 = 0.05, suggesting that the consistency
intensity was medium. The univariate and multivariate
logistic regression analysis of the significant factors of ] waves
were shown in Table S1. In the univariate model, cardiac
compression and severe cardiac events were the factors
with P<0.1. They were included in multivariate regression
analysis. The results showed that cardiac compression was
an independent correlation factor of J waves (P<0.001).

© Journal of Gastrointestinal Oncology. All rights reserved.

The correlation between the classification of ] waves and
prediction of cardiac compression by tumor was analyzed
in Table 3 (n=141). Type 2 occurred more frequently in the
compression group (36/89, 40.4%) than in non-compression
group (15/52, 28.8%).

No significant difference was observed in the distribution
of morphology patterns (P=0.81), ST-segment patterns
(P=0.65), and ] wave amplitude patterns (P=0.09) between
the two groups.

Figure 2 shows a case who presented ] waves with type
4 morphology in ECG on admission, and CT image
demonstrated that the esophageal tumor compressed the
left atrium.

7 Gastrointest Oncol 2022;13(3):923-934 | https://dx.doi.org/10.21037/jgo-22-371


https://cdn.amegroups.cn/static/public/JGO-22-371-Supplementary.pdf

928

Shen et al. Role of J waves in esophageal tumor

Table 3 Correlation between J wave classification and the prediction of cardiac compression by tumor (n=141)

Cardiac compression by tumor

J wave classification ' P value OR (95% Cl)
+ (n=89) - (n=52)
J wave morphology type 2.26 0.81 0.89 (0.72-1.10)
1 9 (10.1) 5(9.6)
2 36 (40.4) 15 (28.8)
3 1(1.1) 1(1.9)
4 18 (20.2) 14 (26.9)
5 16 (18.0) 11 (21.2)
Mixed 9(10.1) 6 (11.5)
ST-segment patterns 0.21 0.65 1.22 (0.52-2.85)
Type | 69 (77.5) 42 (80.8)
Type II 20 (22.5) 10 (19.2)
J wave amplitude =0.2 mV 2.82 0.09 0.50 (0.22-1.13)
No 74 (83.1) 37 (71.2)
Yes 15 (16.9) 15 (28.8)

Values are expressed as n (%). OR, odds ratio; Cl, confidence interval.

aVvVR

avL

aVvVF

Figure 2 A 69-year-old man whose CT image demonstrates the following: the esophageal tumor was located in middle and lower thoracic
segment of the esophagus; irregular thickening of the middle and lower thoracic esophageal wall; stenosis of local lumen; and compression
of the left atrium by tumor. The ECG of the patient on admission shows J waves (arrows) with type 4 morphology, which present in leads
IL, III, and aVE. aVR, augmented voltage, right arm; aVL, augmented voltage, left arm; aVE, augmented voltage, left foot; CT, computed

tomography; ECG, electrocardiogram.

Correlation between the locations of tumors and the leads

of J waves

All of the esophageal tumors compressed the heart from
the left atrium. The relationship between the locations of

the esophageal tumors and the leads presenting ] waves was

© Journal of Gastrointestinal Oncology. All rights reserved.

analyzed (Table 4). Patients with ] waves in ECGs whose
esophageal tumors compressed the heart were included in
the analysis (n=89). No tumor was located in the cervical
segment of the esophagus in the analysis, and there was no
significant correlation between the locations of tumors and
the leads presenting J waves (P=0.52).
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Table 4 Correlation between the location of tumors and the leads of ] waves (n=89)

Segment of the esophagus where the tumor was located

Leads presenting J waves

Upper-thoracic Middle-thoracic =~ Lower-thoracic ~ Upper-middle thoracic Middle-lower thoracic

I, avL 0(0) 4(12.9) 1(8.3) 0(0) 2 (5.1)
I, aVF, V4-V6 0(0) 00 1(8.3) 1(16.7) 0(0)
I, 1ll, avF 0(0) 22 (71.0) 10 (83.3) 4 (66.7) 27 (69.2)
Il, 1ll, avF, V4-V6 0(0) 2 (6.5) 0(0) 1(16.7) 3(7.7)
Vi-V3 0(0) 3(9.7) 0(0) 0(0) 3(7.7)
V4-V6 1(100.0) 0(0) 0(0) 0(0) 4 (10.3)

¥°=0.42, P=0.52. Values are expressed as n (%). Upper-middle thoracic means that the tumor crossed the upper and middle thoracic
segments; middle-lower thoracic means that the tumor crossed the middle and lower thoracic segments. aVR, augmented voltage, right
arm; aVL, augmented voltage, left arm; aVF, augmented voltage, left foot.

Table 5 Comparison of the impact of predicting severe cardiac events between J waves and cardiac compression by tumor

Severe cardiac events ,

Group X P value OR (95% Cl)
Yes No

Grouped according to J waves 6.24 0.01 2.84 (1.22-6.63)
J waves (+) (n=141) 22 (73.3) 119 (49.0)
J waves (-) (n=132) 8(26.7) 124 (51.0)

Grouped according to cardiac compression by tumor 3.08 0.08 1.97 (0.92-4.24)
Compression (+) (n=114) 17 (66.7) 97 (39.9)
Compression (-) (n=159) 13 (43.3) 146 (60.1)

Values are expressed as n (%). OR, odds ratio; Cl, confidence interval.

Follow-up

All 273 subjects were tracked for clinical events. Severe
cardiac events occurred in 30 (10.9%) patients (14, ACS;
16, sustained VT) during a mean follow-up period of
858.1+460.5 days. Also, 61 patients (22.3%) died during
follow-up, among which no SCD occurred. Further analysis
showed that the presence of J waves was significantly
associated with severe cardiac events (OR =2.84; 95%
CI: 1.22-6.63, P=0.01) (Table 5). There was no significant
correlation between cardiac compression by tumor and
severe cardiac events (P=0.08), though the proportion of
patients with compression was higher in the cardiac events
group than that in the non-event group (56.7% vs. 39.9%).
The median survival time of the non-J] wave group was
longer than that of the ] wave group (53.0 vs. 49 months,
P=0.002, Figure 34). The Cox proportional hazards model
showed that the presence of J waves was significantly

© Journal of Gastrointestinal Oncology. All rights reserved.

associated with death [hazard ratio (HR) =2.28; 95% CI:
1.35-3.84; P=0.002]. Also, the median survival time of
the non-compression group was significantly longer than
that of the compression group (48.0 vs. 53.0 months,
P<0.001, Figure 3B). The Cox proportional hazards model
demonstrated that cardiac compression by esophageal
tumor was significantly associated with death (HR =2.51;
95% CI: 1.51-4.17; P<0.001).

A total of 157 patients had ECG and CT image follow-
up records at intervals of >6 months, and these subjects
were included in the comparative statistics. The amplitude
of J waves changed in 44 (28.0%) patients, ] waves
disappeared in 27 (17.2%) patients, and the morphology
pattern of the ] waves changed in 10 patients (6.4%).
According to CT imaging, cardiac compression was relieved
in 61 patients (38.9%). In patients undergoing surgery, J
waves disappeared in 15 patients (10.2%), with CT imaging
indicating disappearance of cardiac compression.
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Figure 3 Comparison of survival curves of different groups. (A) Survival rate between the J wave and non-J wave groups during follow-up; (B)

survival rate between the compression and non-compression groups during follow-up.

Figure 4 shows a representative case with an esophageal
tumor presenting with dynamic J wave changes on 12-
lead ECG during the postoperative period. The ] wave
amplitude decreased to negative on ECG recorded 1 month
after resection of the tumor.

Among the 35 (22.3%) patients with decreased ] wave
amplitude, 19 patients had corresponding CT imaging
indicating a change from compression to non-compression.
There was a significant correlation between the decrease
of ] wave amplitude and the corresponding CT imaging
changes (P=0.03, Table 6). No corresponding CT imaging
changes were observed in nine (5.7%) patients with
increased J wave amplitude.

Discussion

In this study, we report the following findings:

(I) There was a significant correlation between the
presence of ] waves and cardiac compression by
esophageal tumor. Furthermore, decreased J wave
amplitude was significantly correlated with the
change from compression to non-compression on
CT images.

(II) There was a significant correlation between severe
cardiac events and the presence of | waves, but not
with cardiac compression by tumor.

(IIT) The presence of J waves and cardiac compression
by tumor could both evaluate the survival time of
patients with esophageal tumors.

Our study demonstrated that cardiac compression by

© Journal of Gastrointestinal Oncology. All rights reserved.

esophageal tumor could be one cause of J waves. This
conclusion may also be applicable when the heart is
compressed by other intrathoracic tumors. However, there
were some differences between our study and previous case
reports. In the case reported by Sasaki et 4/, the patient
underwent resection of the esophagus followed by retro-
sternum placement of the stomach. The anterior right
ventricle was compressed by that stomach, and transient
Brugada-like ECG appeared (23). Similarly, the case
reported by Asteriou et 4/. exhibited a Brugada-like ECG
due to the compression of the right ventricular outflow tract
caused by a giant mediastinal lipoma (20). The presence of
Brugada-like ECG in these two cases corresponded to the
location of tumorous compression on the heart.

In our study, all the tumors compressed the heart from
the left atrium. The majority of the J waves caused by
compression appeared in inferior leads (63/89, 70.8%). The
J waves presenting in anterior precordial leads (V1-V3)
were observed in only three patients, without any Brugada-
like morphology characteristics. It is worth noting that the
distribution of ] waves caused by tumors in our study was
similar to the clinical study of Hayashi ez 4/., where most of
the J waves caused by lung tumors also presented in inferior
leads (31/40, 77.5%) (22). There was no relationship
between the leads of the J waves and the position of tumor
contact on the heart both in our study and in the study
conducted by Hayashi ez al. (22). These phenomena indicate
that the mechanical compression of the right ventricle by
a large organ or mass may cause Brugada-like ECG, but
the compression of the atrium by an intrathoracic tumor
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Figure 4 A 60-year-old man with an esophageal tumor presenting with dynamic J wave changes on 12-lead ECG during the postoperative
period. (A) J waves (arrows) with type 2 morphology present in leads II, III, and aVF on ECG. CT imaging demonstrates the following: the
tumor is located in middle-thoracic segment of esophagus; thickening of the middle esophageal wall; stenosis of the lumen; and compression
of the left atrium by tumor. (B) The J wave amplitude decreases to negative on ECG recorded 1 month after resection of the tumor. CT
scan shows that the tumor was completely removed. aVR, augmented voltage, right arm; aVL, augmented voltage, left arm; aVE, augmented

voltage, left foot; ECG, electrocardiogram; CT, computed tomography.

Table 6 Correlation between the decrease of ] wave amplitude and CT imaging changes during follow-up

Decrease of J wave

CT imaging changes, n (%)

. X P value
amplitude No change From compression (+) to compression (-)
Decrease 16 (16.7) 19 (31.1) 4.52 0.03
No decrease 80 (83.3) 42 (68.9)

may cause ] waves. In a study with a certain number of
samples, the possibility of the atrium being compressed
by mass is much larger than that of the ventricle, making J
waves easier to detect. Hayashi er a/. (22) speculated that the
heart being compressed by lung cancer moves downward,
and therefore, the inferior wall attaching to the diaphragm
might exert a contact force, resulting in J waves. In the
absence of sufficient electrophysiological evidence, we think
that this scenario is the most reasonable at present.

© Journal of Gastrointestinal Oncology. All rights reserved.

The cellular and ionic basis of the I,,-mediated ] wave was
reported in previous studies. Factors that affect the gating
properties of I, or ventricular stimulation may alter the
appearance of J waves (8). Mechano-gated ion channels might
be affected by mechanical forces on the myocardium (29),
altering I, availability and contributing to the presence
of ] waves. Furthermore, some gene mutations have been
found in people with JWS (30,31). For example, inherited
Brs is related to mutations in several genes. SCNSA
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mutations are linked to both ischemia JWS as well as BrS (8).
The detection of these gene mutations is very helpful in
exploring the mechanism of ] wave formation due to cardiac
compression by tumor. This is expected to be carried out
with corresponding conditions.

Unlike the study conducted by Hayashi et a/. (22), there
was no subject whose ] waves appeared with development of
esophageal tumor in our study. However, the disappearance
of J waves in 15 subjects whose tumors were surgically
resected was detected during the follow-up. Obviously, the
J waves in these patients were directly related to cardiac
compression by tumor. This phenomenon showed that
normal ECG could be restored some time after the removal
of mechanical compression caused by tumor, but this
dynamic change only appeared in a portion of the cases
in our study. The sensitivity and specificity of the change
from compression to non-compression for decreased ] wave
amplitude was 31.1% and 83.3%, respectively. These results
suggest that most of the change from compression to non-
compression may not be predicted by the decrease of ] wave
amplitude, although the appearance of this dynamic change
of ] waves cannot be ignored, as it may predict the change
from compression to non-compression.

At present, there is no unified scheme for J wave
morphological classification. The method used by Heng
et al. (27) is a comprehensive, standard, and elaborate
one, and was applied in our study. It is worth emphasizing
that STj elevation without notching or slurring was
also included in the statistics. There was no significant
difference in the distribution of morphological classification
between the compression and non-compression groups,
except the proportion of type 2 J waves between two groups.
We cannot compare the results with the data from Heng
et al’s study (27), which was conducted in a White healthy
population. The next stage of our research will involve a
sufficient number of healthy Yellow subjects as the control
group. Tikkanen er al. speculated ST-segment morphology
and found that subjects with horizontal/descending ST
segments had an increased HR of arrhythmic death (28).
In our study, we did not observe an effect of ST segment
morphological differences on the predictive value of ] waves
for compression, nor did J waves with an amplitude >0.2 mV,
which were considered to increase the cardiac risk. The
distribution of J waves in the compression and non-
compression groups was approximately uniform.

Previous studies have demonstrated that the presence
of ] waves could predict lethal cardiac events. Haissaguerre
et al. reported that an increased prevalence of J waves in
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the inferior or lateral leads was found in the subjects with
a history of idiopathic VF (32). Naruse ez 4/. demonstrated
that the presence of ] waves was an independent predictor of
VEF within 48 h after acute myocardial infarction (AMI) (33).
Tsuda et al. performed a clinical study that showed that the
presence of | waves was significantly associated with cardiac
events (SCD, VE, sustained VT, etc.) in hypertrophic
cardiomyopathy (34). In our study, there was a significant
correlation between ] waves and severe cardiac events.
However, the presence of J waves was not an independent
predictor of severe cardiac events in multivariate regression
analysis, possibly due to limited sample size of the
present study. Further studies with larger sample sizes are
warranted.

According to the eighth edition Staging of Esophageal
and Esophagogastric Epithelial Cancers (35), pericardial
invasion is defined as stage T4a, which suggests a relatively
poor prognosis. Cardiac invasion of esophageal tumors
is rare but lethal (36,37). In our study, we found that the
cardiac compression by esophageal tumor was negatively
correlated with the survival time of patients, although
cardiac compression was not statistically associated with
severe cardiac events. The presence of cardiac compression
by tumor can be seen as an important predictor of
esophageal tumor progression. However, we can only
observe this phenomenon through imaging, which is not
conducive for us to find it in time. The presence of ] waves
also predicted a poor prognosis in our study, which provides
us with a practical and simple way to evaluate the survival
time of patients with esophageal tumors. Obviously, the
examination method of ECG is easier to be accepted by
patients. It should be emphasized that the appearance of J
waves can indicate the prognosis of patients with esophageal
tumors, but it is not a factor affecting the prognosis.

Limitations

Firstly, echocardiography examination was not included
in our study. Echocardiography examination would help
to better evaluate the morphological changes of the heart
under the influence of mechanical force caused by tumors.
Secondly, subjects who had bundle branch block in ECG
were excluded, which could have affected our results.
Thirdly, healthy Yellow subjects were not included as the
control group. Comparing these subjects with the subjects
in our study could help to better evaluate the prediction
of the distribution characteristics of ] wave morphology
patterns.
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Conclusions

The current study demonstrates that the presence of J
waves can be caused by cardiac compression by esophageal
tumor and may disappear after surgical resection of the
tumor. Cardiac compression by esophageal tumor is
significantly related to severe cardiac events and can be used
as a predictor of survival time in patients with esophageal
tumors.
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Supplementary

Table S1 Univariate/multivariate logistics regression analysis of the significant factors of ] waves (n=273)

Univariate model

Multivariate model

Variables
OR (95% CI) P value OR (95% Cl) P value

Cardiac compression by tumor

No Reference

Yes 7.33 (4.21-12.74) <0.001 7.15 (4.09-12.48) <0.001
Severe cardiac events

No Reference

Yes 2.84 (1.22-6.63) 0.02 2.52 (0.99-6.36) 0.05
Segment of the esophagus 0.83

Upper-thoracic Reference

Upper-middle thoracic 0.69 (0.25-1.94) 0.48

Middle-thoracic 0.89 (0.36-2.20) 0.80

Middle-lower thoracic 0.79 (0.33-1.89) 0.60

Lower-thoracic 0.60 (0.22-1.63) 0.32
Surgery history

No Reference

Yes 0.86 (0.53-1.40) 0.55
Gender

Male Reference

Female 0.70 (0.37-1.33) 0.28
Age

<60 years Reference

>60 years 1.08 (0.63-1.87) 0.78

Upper-middle thoracic means that the tumor crossed the upper and middle thoracic segments; middle-lower thoracic means that the

tumor crossed the middle and lower thoracic segments. OR, odds ratio; Cl, confidence interval.

© Journal of Gastrointestinal Oncology. All rights reserved.

https://dx.doi.org/10.21037/jgo-22-371



