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Abstract 

Although ventricular pre-excitation via accessory pathways (APs) causes cardiac dysfunction in 

children and young adults with Wolff-Parkinson-White (WPW) syndrome, the underlying cardiac 

dysfunction mechanisms are unclear. This study aimed to characterize cardiac dysfunction and clarify 

sensitive cardiac dysfunction indicators in WPW syndrome patients classified by the APs location 

with a layer-specific strain analysis. Twenty-four patients with WPW syndrome with a mean age of 

14.1 years (6.9–21.6 years) (11 cases: type A with a left-sided AP ([WA group]), 13 cases: type B with 

a right-sided AP [WB group]) and 37 age-matched normal controls (N group) were examined. We 

measured the left ventricle (LV), basal, papillary, and apical circumferential strain (CS), and 

longitudinal strain (LS) using a layer-specific strain with speckle tracking imaging. Dyssynchrony was 

also measured based on the timing of the radial strain at each segment. Peak endomyocardial basal 

and papillary CS was lower in both the WA and WB groups compared to the N group. Peak mid-

myocardial and epimyocardial basal CS and peak mid-myocardial papillary CS were lower only in the 

WB group compared to the N group. Peak LS in all three layers was lower only in the WB group 

compared to the N group. There were no significant differences between groups in terms of LV ejection 

fraction (EF) and dyssynchrony index. Layer-specific strain decreased in more sites in the WB group 

despite the normal EF value. Layer-specific strains are sensitive indicators for the detection of the 

early stages of cardiac dysfunction. 
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Introduction 

In patients with manifest Wolff-Parkinson-White (WPW) syndrome, the ventricles are electrically and 

mechanically pre-excited via an accessory pathway (AP), which directly connects the atria and the 

ventricles. This may cause eccentric ventricular activation via the AP and normal conduction system, 

resulting in an asynchronous ventricular depolarization and cardiac dysfunction in some patients [1, 

2]. The cardiac function in patients with manifest WPW syndrome depends largely on the degree and 

site of the pre-excitation.  

Recently, it has been reported that some pediatric and adult patients, especially those with a right-

sided AP and overt ventricular pre-excitation can develop LV dysfunction and dilated cardiomyopathy 

(DCM) [3-5]. In a study conducted at our institution, Fukunaga also reported a case of WPW syndrome 

with right-sided AP and DCM-like changes [6]. However, those reports only included patients with 

right-sided AP who needed radiofrequency catheter ablation (RFCA). Therefore, the cardiac function 

has not been fully elucidated in patients who do not need RFCA and the process by which cardiac 

dysfunction develops is not clear. 

In Japan, first- and seventh-grade children are screened for heart disease using electrocardiography 

(ECG) at school. WPW syndrome is one of several conditions frequently detected through school-

based cardiovascular screening programs. Diagnosis is based on delta wave detection on ECG. 

Therefore, institutions in Japan have many opportunities to evaluate cardiac function in WPW 
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syndrome,  even in patients without abnormal physical examination findings or other symptoms, 

such as palpitations or cardiac failure. 

A recent development in cardiac dysfunction detection is the layer-specific strain analysis, which 

allows separate quantification of the deformation of the endocardial, mid-cardial, and epicardial layers 

of the myocardium. This new sensitive indicator effectively detects cardiac dysfunction in various 

cardiac diseases [7-9]. Our institution has also reported the usefulness of layer-specific strain as an 

early marker of cardiac dysfunction in various cardiac diseases [10, 11]. However, to the best of our 

knowledge, no previous study has analyzed the LV layer-specific strain in patients with manifest 

WPW syndrome, especially those who do not need RFCA. Therefore, we aimed to assess the details 

of LV dysfunction in patients with manifest WPW syndrome (classified by the location of APs using 

layer-specific strain analysis), including those who do not need RFCA. We also aimed to determine 

the possibility of early cardiac dysfunction detection.  

 

Methods 

Study Population 

We prospectively recruited 24 consecutive patients, aged 6.9–21.6 years, with manifest WPW 

syndrome who regularly visited the outpatient clinic between April 2014 and March 2020. Patients 

were diagnosed with WPW syndrome through school-based cardiovascular screening and presented 
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to our hospital. After reviewing their ECGs, only patients with a QRS width greater than or equal to 

120 ms and a PR time of less than 120 ms were included in this study. Even in the absence of 

palpitations or cardiac dysfunction, patients still visited the outpatient clinic once a year. Patients with 

other diseases and post-AP ablation were excluded. The patients were classified according to the 

location of APs based on the algorithm reported by Arruda et al. [12]: type A-group (WA) with a left-

sided AP; type B-group (WB) with a right-sided AP. The localization of APs was confirmed in 11 

patients using electrophysiological studies consistent with the localization of the 12-leads ECG. Age-

matched healthy individuals were recruited from Juntendo University and Shizuoka Children’s 

Hospital as normal controls for LV myocardial mechanical analysis. These subjects were either 

healthy volunteers or children undergoing echocardiography to evaluate innocent murmurs: normal-

group (N). They had no history of cardiovascular disease and showed normal sinus rhythm on ECG 

and normal findings on echocardiography. All participants or their guardians provided written 

informed consent, and the study was approved by the Institutional Review Board of Juntendo 

University and Shizuoka Children’s Hospital. 

 

Echocardiography 

Echocardiography was performed using a Vivid E9 ultrasound system (GE Healthcare, Milwaukee, 

WI, USA) with an appropriate M5S or 6S probe for patient size. Images were optimized for gain, 
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compression, depth, and sector width and acquired at frame rates of 70–96 frames/s. Apical 4- and 2-

chamber views and parasternal short-axis views at the basal, papillary, and apical ventricular levels 

were acquired. In each plane, images from three consecutive cardiac cycles were acquired during a 

breath-hold at end-expiration, if possible. For younger children, we selected three cardiac cycles at 

end-expiration on the respiratory tract. Chamber quantification was performed following the European 

Association of Cardiovascular Imaging recommendations [13]. LV wall thickness (WT), 

interventricular septum end-diastolic diameter (IVSd), and posterior wall end-diastolic diameter 

(PWd) were measured from the parasternal long-axis views. Mean WT was calculated as 

(IVSd+PWd)/2. LV end-diastolic volume (LVEDV), LV end-systolic volume (LVESV) and LVEF 

were calculated from the apical 4- and 2-chamber views using the modified biplane Simpson’s rule. 

The LV diastolic function was quantified using the ratio between the E-wave velocity of the pulsed-

wave Doppler mitral flow and the early diastolic velocity of the septum and LV free wall at the mitral 

annulus level (e’ wave) on tissue Doppler imaging. 

 

Left Ventricle Deformation Analysis 

The analysis was performed offline with the aid of a commercially available software package 

(EchoPAC 113 1.0; GE Vingmed Ultrasound AS, Horton, Norway). Two observers (S.A. and Y.H.), 

blinded to the clinical data, performed strain analysis. The strain was measured using 2D speckle-
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tracking echocardiography as previously described[14]. The system used for this study allows the 

calculation of mean strain values for the total WT and three separate myocardial layers 

(endomyocardium, midmyocardium, and epimyocardium) [14]. The dyssynchrony index was 

measured as the standard deviation of time to peak-systolic strain for all six radial strain segments 

(RS) at basal, papillary, and apical levels. All data were measured at least three times, and the averages 

were reported [15]. 

 

Statistical Analysis 

Normally distributed continuous variables were expressed as mean ± standard deviation (SD), and 

non-normally distributed variables as median (range). All group differences were assessed using one-

factor analysis of variance with a post-hoc comparison using the Tukey-Kramer method for normally 

distributed data or the Steel-Dwass test for non-normally distributed data. Intra- and interobserver 

agreements for the LV layer-specific strain were calculated using the Bland-Altman approach, 

including the calculation of mean bias (average difference between measurements) and the lower and 

upper limits of agreement (95% limits of agreement of mean bias) in five randomly selected patients 

and five controls. The variation coefficient was also determined (i.e., the SD of the difference between 

paired samples divided by the average of the paired samples). Statistical analyses were performed 

using JMP software (version 14.2.0; SAS Institute Inc., Cary, NC, USA). A P-value <0.05 was 
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considered statistically significant. 

 

Results 

Feasibility 

Table 1 shows the characteristics of the study participants. The median age of the 24 patients (15 

males) at echocardiography was 14.1 years (range, 6.9–21.6 years). The diagnoses were 24 cases of 

WPW syndrome, WA in 11 patients, and WB in 13 patients.  Height, body weight, age, and the 

number of cases were similar in the patient and control groups. E-wave velocity and e’ at the septum 

were lower in the WB group than the N group. No significant differences were found between patients 

and controls for LVEF, e’ at the LV free wall, or mean E/e’ at the septum and LV free walls. Table 2 

shows the dyssynchrony index of the study participants. The dyssynchrony index at the basal, papillary, 

and apical levels showed no significant difference between the groups. 

 

Left Ventricle Strain Pattern 

The basal circumferential strain showed that peak endomyocardial basal CS was lower in both the WA 

and WB groups compared to the N group (Figure 1, Table 3). Peak mid-myocardial and 

epimyocardial basal CS was lower in the WB group than the N group. The papillary circumferential 

strain showed that the peak endomyocardial papillary CS was lower in both the WA and WB groups 
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than the N group (Figure 1, Table 3). Peak mid-myocardial papillary CS in the WB group was lower 

than the N group. Peak epimyocardial papillary CS did not differ significantly between the groups. 

The apical circumferential strain showed that the peak apical CS in all three layers did not differ 

significantly between the groups (Figure 1, Table 3). Longitudinal Strain showed that peak LS in all 

three layers in the WB group was lower than the N group (Figure 1, Table 3). 

Reproducibility 

Table 4 presents the results for intra- and interobserver variability. Significant differences were not 

observed in the variability of the endomyocardial, mid-myocardial, and epimyocardial CS scores at 

the basal, papillary, and apical levels or for LS. 

 

Discussion 

To our knowledge, the present study is the first to use layer-specific strain analysis to examine the 

characteristics and the differences in cardiac dysfunction between two groups of WPW syndrome 

classified according to APs location. There were three main findings in this study (Figure 2). First, LS 

was lower in the WB group, and CS was lower in many layers in the WB group. However, only 

endocardial CS at the basal and papillary levels was lower in the WA group. Second, when focused on 

the same plane, impairment of LV peak strain occurs from the endomyocardial CS and subsequently 

expands towards the epimyocardial CS. Third, when focused on each of the three short-axis planes, 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



CS impairment begins at the basal level and expands towards the apex. 

 

Left Ventricle Dysfunction Assessed by Conventional Echocardiographic Parameters 

LVEF was used as the conventional measure of cardiac dysfunction, which was defined as a decline 

in LVEF of at least 5% to less than 55% with accompanying signs or symptoms of congestive heart 

failure, or a decline in LVEF of at least 10% to less than 55% without accompanying signs or 

symptoms [16]. 

No patient showed decreased LVEF at the time of the study. Furthermore, no significant difference 

was found between patients and controls despite decreasing myocardial deformation in many layers. 

Thus, this study showed that myocardial deformation analysis is a more sensitive indicator for the 

early detection of cardiac dysfunction than conventional measurements. 

 

Influence of Accessory Pathway Location on Left Ventricle Dysfunction 

Evidence is now emerging that LV dyssynchrony disturbs myocardial regional workload and wall 

stress, which may result in wall motion abnormalities, myocardial perfusion defects, changes in 

coronary blood flow and regional molecular abnormalities, increased LV cavity volume, and 

asymmetrical changes in LV WT [17]. In WPW with right-sided AP, the right ventricle is excited 

prematurely. Therefore the right ventricle (RV) contracts first, before LV contraction, causing left 
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ventricular bundle branch block (LBBB) type abnormality on ECG. In addition, the APs are located 

closer to the sinus node in WB than in WA. Therefore, during sinus rhythm, ventricular excitation via 

the APs is much faster in WB than in WA. More cells are depolarized via the APs in WB than in WA 

at the myocardial cells level. This suggests that because asynchronous contraction between the two 

ventricles is more pronounced in WB than in WA, the decline in cardiac function is more apparent in 

WB than in WA. Indeed, WPW syndrome has been reported to cause abnormal septal motion, 

characterized by an early systolic posterior motion, a subsequent anterior movement in mid-systole, 

and the usual posterior septal motion beginning in late systole, particularly in WPW with right-sided 

AP [2, 18].  

Tomaske et al. reported that the AP's location was inferoparaseptal in 65%, superoparaseptal in 17.5%, 

and septal in 17.5% of patients [19]. Surprisingly, more than 50% of their patients showed a reduced 

LV function, defined as EF of less than 55%, before RFCA. Dai et al. reported abnormal 

interventricular septal motion and LV dyssynchrony may develop in patients with right-sided AP 

before LV dysfunction [20]. Bradley et al. reported that LV function decreased in patients with LBBB 

due to asynchronous motion (18). There is the possibility that similar mechanisms caused the LV 

dysfunction in the WB group in terms of delayed electrical activation in the LV compared to the RV 

[19, 20]. Furthermore, a right-sided AP caused the development of DCM [5]. The measurement of RS 

in each segment is considered useful as an indicator of dyssynchrony [15]. Seo et al. reported that 
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indicators improve significantly before and after RFCA in WPW syndrome [21]. In our study, we 

found no significant differences between the groups in terms of dyssynchrony index, although WPW 

syndrome with right-sided AP showed decreased strain, consistent with previous reports [19, 20]. The 

reason for the lack of significant differences in the dyssynchrony index may be that our patients were 

much younger compared to the previous study. If we evaluated our patients in the future, we might 

find a worsened dyssynchrony index.  

 

Impairment of Endocardial Circumferential Strain before Epicardial Circumferential Strain 

Several studies have suggested the vulnerability of the endocardial layers in various diseases. Yu et al. 

reported that, subendocardial circumferential deformation is sensitive to anthracycline in childhood 

cancers survivors [22]. In patients with ischemia [23] or hypertension, the endocardial layers' 

vulnerability has been proposed. Hamada et al. reported that endocardial CS is a powerful predictor 

of cardiac events in patients with chronic ischemic cardiomyopathy [24]. Our institution has also 

reported similar results in chemotherapy-induced cardiac dysfunction [11], which may be due to 

endocardial layers vulnerability. 

The present study demonstrated that potential myocardial damage occurs in the endocardial layers 

before the mid-myocardial and epicardial layers in WPW syndrome patients. This is concordant with 

reports on other diseases. Similar mechanisms might cause LV dysfunction in WPW. 
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Impairment of Basal Circumferential Strain before Apical Circumferential Strain 

Streeter et al. reported the rate of circumferentially to longitudinally oriented fibers is 10:1, with its 

ratio increasing towards the base and decreasing towards the apex [25]. This suggests that the effect 

of impaired contraction in the circumferential direction is more prominent at the basal level than at the 

apex. Furthermore, the Laplace law supports the idea that the larger cavity radius at the base is more 

affected than the LV apex by interventricular pressure in the heart with subclinical myocardial damage 

[26]. Studies at our institution have reported that cardiac dysfunction in childhood cancer survivors 

progresses from the base to the apex [10, 11]. Furthermore, the excitation time at the base is most 

likely to vary between ventricles. Theoretically, asynchronous contractions should be most 

pronounced in the basal slice, and mechanical stress causing myocardial stress might be larger. It may 

place more of a load on the myocardium at the base than at other levels. Dai et al. reported that in a 

WPW syndrome with LV dyssynchrony with right-sided AP, basal strains decreased [20]. These 

findings support our results that impairment in basal and papillary CS occurs before apical CS occurs. 

 

Impairment of Circumferential Strain Before Longitudinal Strain 

In contrast to LS, endocardial CS is more sensitive for early detection of LV systolic dysfunction in 

long-term cancer survivors [22]. The wall of the human heart has a well-defined distribution of fibers, 
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with the angle varying from approximately 90° (in the circumferential direction) at the endocardial 

surface to approximately −90° at the outer surface [25]. The fibers' angle at 15% inside the LV 

endocardium is only 20°, suggesting that damage to the endocardial layer may affect both the 

longitudinally and circumferentially oriented fibers [25]. Furthermore, the ratio of circumferentially 

to longitudinally oriented fibers increases towards the base and decreases towards the apex [25]. When 

myocardial damage occurs only in the endocardial layers, LS remains stable until the damage 

approaches the epicardial layers [25], as myocardial deformation of each layer is dependent on active 

function within the layer and passive motion from adjacent layers [27]. These findings suggest that 

contraction impairment affects CS more than LS, especially in young patients, when myocardial 

damage is not severe. These reports support the fact that in our study, WPW syndrome with right-

sided AP was impaired to the mid-cardial layer and showed a decrease in longitudinal strain. In 

contrast, WPW syndrome with left-sided AP was only impaired to the endocardial layer and did not 

show a decrease in LS. 

 

Clinical Implications 

Endocardial CS at the basal level is considered a more useful and sensitive indicator of cardiac 

dysfunction than conventional parameters. Future studies with larger numbers of patients and repeated 

cardiac deformation evaluation may evaluate the accurate time course of the cardiac dysfunction and 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



detect it earlier in patients with WPW syndrome. These findings have important clinical implications 

and may allow for early therapeutic interventions, such as RFCA, for subclinical LV dysfunction and 

potentially improve myocardial deformation impairment. Furthermore, this parameter could allow a 

better evaluation of the therapeutic effects of medications or RFCA. 

 

Study Limitations 

First, this study included a small number of patients. Future studies with larger sample sizes are 

necessary to provide a robust conclusion on cardiac dysfunction time course in patients with WPW 

syndrome. Nevertheless, this study was enough to identify layer-specific strain differences in WPW 

syndrome. Second, patients with WPW syndrome were only classified into two AP locations. Tomaske 

et al. reported that WPW syndrome with an AP of the right septum or posterior septum might cause 

LV dyssynchrony and jeopardize overall LV function [19]. Finally, we did not evaluate post-treatment 

changes, such as RFCA. In the future, studies with larger sample sizes, a more detailed classification 

based on the APs location, and pre-and post-treatment evaluation will allow us to elucidate the 

mechanisms of cardiac dysfunction in WPW syndrome. 

 

Conclusions 

This study demonstrates that impairment of endocardial circumferential deformation was the initial 
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cardiac abnormality seen in patients with WPW syndrome. This impairment then extends from the 

endocardium towards the epicardium and the base towards the apex. The present findings provide 

novel insight into the characteristics of patients with WPW syndrome. 
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【Figure Legends】 

Figure 1. 

Comparison of the LV layer-specific strain analysis of (A) basal circumferential strain (CS), (B) 

papillary CS, (C) apical CS, and (D) longitudinal strain (LS). Yellow, patients with Wolff-Parkinson-

White syndrome type A; red, patients with Wolff-Parkinson-White syndrome type B; blue, normal 

controls. *Significant difference between patients with WA-group and normal group, P<0.05. 

**Significant difference between patients with WA-group and normal group, P<0.01. †Significant 

difference between patients with WB-group and normal group, P<0.05. ††Significant difference 

between patients with WB-group and normal group, P<0.01. 

 

Figure 2. 

Impariment of LV myocardial deformation in patients with WPW syndrome. 

WB group: Basal CS at all layers (red circle), Papillary CS at the endo and midmyocadial layers (red 

circle) and LS at all layers (red curves) are decreased. WA group: basal and papillary 

endomyocardial CS (red circle) are decreased. 
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Table 1. Baseline Characteristics of Study Group of Patients With  

Wolff-Parkinson-White syndrome and Healthy Controls 

 WA-group WB-group N-group 

Total number (males) 11 (7) 13 (8) 37 (24) 

Age (years) 12.2±3.5 15.8±4.7 14.7±5.0 

Height (cm) 

149.2 

(116.0-172.5) 

161.3 

(121.9-178.0) 

151.3 

(116.6-183.0) 

Weight (kg) 43.1±15.2 55.4±17.8 46.7±16.4 

BMI (kg/m²) 

18.6 

(15.9-22.3) 

20.6 

(15.1-29.0) 

19.6 

(14.8-30.0) 

BSA (m²) 1.33±0.33 1.57±0.34 1.40±0.31 

NYHA Ⅰ Ⅰ Ⅰ 

SBP (mmHg) 

97.8 

(88-128) 

109 

(90-126) 

107.2 

(82-127) 

DBP (mmHg) 

50.4 

(40-70) 

62.3 

(50-90) 

61.3 

(42-84) 

IVSD (mm) 6.1 6.6 6.1 

Table



(5.0-8.4) (5.5-8.4) (4.8-8.4) 

PWd (mm) 6.2±0.3 6.5±1.2 6.4±0.9 

Mean wall thickness (mm) 

6.2 

(5.2-7.9) 

6.5 

(5.1-8.2) 

6.3 

(4.9-8.5) 

QRS (msec) 

127.4 ** 

(123-146) 

137.8 †† 

(121-154) 

88.7 ** †† 

(73-112) 

BNP (pg/mL) 11.2±6.2 15.7±7.2 - 

LVEF (%) 67.3±3.7 64.0±3.9 66.7±5.2 

E-wave velocity (cm/s) 

94.4 

(70-115) 

81.5 

(52-116) 

95 

(58-133) 

A-wave velocity (cm/s) 49.1±11.8 45.3±8.2 43.3±10.6 

E/A ratio 

2.02 

(1.23-3.27) 

1.84 † 

(1.16-2.60) 

2.33 † 

(1.43-4.28) 

Septal e’ (cm/s) 13.7±1.4 12.8±2.3 † 14.7±2.5 † 

Septal a’ (cm/s) 5.7±0.9 6.2±1.5 6.7±1.5 

LV FW e’ (cm/s) 

17.1 

(13.0-21.3) 

16.4 † 

(12.0-25.0) 

18.8 † 

(14.3-24.0) 

LV FW a’ (cm/s) 5.5 * 6.3 6.6 * 



 

 

 

 

 

 

Table 1. 

*Significant difference between patients with WA-group and normal group, P<0.05. **Significant 

difference between patients with WA-group and normal group, P<0.01. †Significant difference 

between patients with WB-group and normal group, P<0.05. ††Significant difference between patients 

with WB-group and normal group, P<0.01. 

BMI, body mass index; BSA, body surface area; DBP, diastolic blood pressure; FW, free wall; HR, 

heart rate; IVSd, intraventricular septum end-diastolic diameter; LVEF, left ventricular ejection 

fraction; SBP, systolic blood pressure; PWd, posterior wall end-diastolic diameter; WA, Wolff-

Parkinson-White syndrome type A; WB, Wolff-Parkinson-White syndrome type B 

 

 

 

(4.3-6.0) (3.3-9.3) (4.0-9.7) 

mean E/e’ 

6.33 

(4.68-7.73) 

5.66 

(4.49-6.88) 

5.87 

(4.04-8.15) 



 

Table2. Dyssynchrony Index of Patients With Wolff-Parkinson-White syndrome and 

Healthy Controls 

 WA-group WB-group N-group 

TBasRS (sd) 

13.7 

(0-24.1) 

11.7 

(4.2-40.7) 

12.1 

(1.5-50.3) 

TPapRS (sd) 

9.9 

(1.7-41.5) 

5.3 

(0.5-23.6) 

4.1 

(0-12.2) 

TApiRS (sd) 

20.9 

(1.6-48.8) 

15.6 

(1.4-48.6) 

14.6 

(1.4-46.8) 

SDRS/mean TBasRS 

0.14 

(0-0.24) 

0.13 

(0-0.67) 

0.12 

(0-0.73) 

SDRS/mean TPapRS 

0.11 

(0.02-0.41) 

0.06 

(0-0.27) 

0.05 

(0-0.13) 

SDRS/mean TApiRS 

0.18 

(0.02-0.52) 

0.18 

(0-0.60) 

0.15 

(0.02-0.54) 

 

 



Table 2. 

There were no significant difference between the groups. 

SD, standard deviation; TApiRS, time to peak-systolic strain for all 6 segments in radial strain at apical 

levels; TBasRS, time to peak-systolic strain for all 6 segments in radial strain at basal levels; TPapRS, 

time to peak-systolic strain for all 6 segments in radial strain at papillary levels; WA, Wolff-Parkinson-

White syndrome type A; WB, Wolff-Parkinson-White syndrome type B. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 3. Intraobserver and Interobserver Variability of Layer-Specific Strain 

Variable Bias LLA ULA CV 

Intraobserver 

  Endocardial basal CS -0.010 -1.527 1.507 3.44 

  Midmyocardial basal CS -0.013 -0.822 0.795 2.47 

  Epicardial basal CS -0.087 -1.243 1.070 4.85 

  Endocardial papillary CS 0.033 -3.978 4.045 8.46 

  Midmyocardial papillary CS 0.347 -2.150 2.843 7.41 

  Epicardial papillary CS 0.517 -1.070 2.103 7.06 

  Endocardial apical CS 0.095 -3.230 3.420 5.53 

  Midmyocardial apical CS 0.205 -1.775 2.185 4.47 

  Epicardial apical CS 0.202 -1.707 2.111 5.84 

  Endocardial LS -0.853 -2.311 0.604 3.68 

  Midmyocardial LS -0.687 -1.759 0.386 3.02 

  Epicardial LS -0.547 -1.580 0.486 3.23 

Interobserver 

  Endocardial basal CS -0.010 -2.128 1.935 4.60 



  Midmyocardial basal CS -0.233 -1.448 0.981 3.68 

  Epicardial basal CS -0.400 -3.240 2.440 11.74 

  Endocardial papillary CS -0.793 -4.940 3.354 8.60 

  Midmyocardial papillary CS 0.093 -2.000 2.186 6.16 

  Epicardial papillary CS 0.640 -1.593 2.873 9.98 

  Endocardial apical CS -1.391 -5.532 2.749 6.72 

  Midmyocardial apical CS -0.172 -1.953 1.610 3.98 

  Epicardial apical CS 0.618 -1.987 3.224 8.07 

  Endocardial LS -1.253 -3.447 0.940 5.49 

  Midmyocardial LS -0.917 -2.293 0.460 3.85 

  Epicardial LS -0.653 -1.480 0.173 2.57 

 

Table 3. 

CS, circumferential strain; CV, coefficient of variation; LLA, 95% lower limit of agreement; LS, 

longitudinal strain; ULA, 95% upper limit of agreement. 

 

 

 



Figure Click here to access/download;Figure;Figure1.jpg

https://www.editorialmanager.com/heve/download.aspx?id=321997&guid=f508c381-9b1b-4638-b6a3-ac3b703c9957&scheme=1
https://www.editorialmanager.com/heve/download.aspx?id=321997&guid=f508c381-9b1b-4638-b6a3-ac3b703c9957&scheme=1


Figure Click here to access/download;Figure;Figure2.jpg

https://www.editorialmanager.com/heve/download.aspx?id=321998&guid=b6f789b7-b7d0-40d8-bbea-c69e53c3df16&scheme=1
https://www.editorialmanager.com/heve/download.aspx?id=321998&guid=b6f789b7-b7d0-40d8-bbea-c69e53c3df16&scheme=1


  

Electronic Supplementary Material

Click here to access/download
Electronic Supplementary Material

renamed_881bd.docx

https://www.editorialmanager.com/heve/download.aspx?id=321999&guid=b100486c-b050-4872-9173-fab14371f8b8&scheme=1


[Date of submission] 

 

Nobuhisa Hagiwara 

Editor-in-Chief 

Heart and Vessels 

 

Dear Editor 

 

I wish to submit an original clinical research article for publication in Heart and Vessels, titled 

“Deep insight into cardiac dysfunction in children and young adults with Wolff-Parkinson-White 

syndrome using speckle tracking imaging.” The paper was coauthored by Satoshi Akimoto, 

Hideo Fukunaga, Azusa Akiya, Yu Hosono, Takeshi Iso, Sachie Shigemitsu, Noboru Tanaka, 

Haruna Tabuchi, Hidemori Hayashi, Gaku Sekita, and Toshiaki Shimizu. 

 

In this study, we investigated the characteristics of cardiac dysfunction in patients with WPW 

syndrome classified by the location of APs using a layer-specific strain analysis. Our study 

population included 24 patients with WPW syndrome (mean age of 14.1 years) (11 cases: type A 

with a left-sided AP [WA-group], 13 cases: type B with a right-sided AP [WB-group]) and 37 

age-matched normal controls (N-group). We measured the left ventricle (LV) basal, papillary, and 

apical circumferential strain (CS), and longitudinal strain (LS) using a layer-specific strain with 

speckle tracking imaging. Dyssynchrony was also measured based on the timing of the radial 

strain at each segment. 

 

We believe that our study makes a significant contribution to the literature because we found that 

compared to the N group, the peak endomyocardial basal and papillary CS was lower in both the 

WA and WB groups, the peak mid-myocardial and epimyocardial basal CS and peak mid-

myocardial papillary CS was lower in the WB group only. The peak LS in all three layers was 

lower in the WB group only. Furthermore, there were no significant between-group differences 

for LV ejection fraction (EF) or dyssynchrony index.  

 

Further, we believe that this paper will be of interest to the readership of your journal because we 

have demonstrated that layer-specific strains are sensitive indicators for the detection of the early 

stages of cardiac dysfunction. 

 

This manuscript has not been published or presented elsewhere in part or in entirety and is not 

under consideration by another journal. All study participants provided informed consent, and the 

study design was approved by the appropriate ethics review board. We have read and understood 

your journal’s policies, and we believe that neither the manuscript nor the study violates any of 

these. There are no conflicts of interest to declare. 

 

Thank you for your consideration. I look forward to hearing from you. 

 

Sincerely, 

 

Ken Takahashi, M.D., Ph.D., 

2-1-1 Hongo,  

Bunkyo-ku,  

Tokyo 113-8421,  

Japan 
+81-3-3813-3111 
+81-3-5800-0216 

E-mail: kentaka@juntendo.ac.jp 
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