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Two-dimensional speckle tracking imaging

to assess the hazards of left ventricular function
and ventricular wall motion disorders in children
with pre-excitation syndrome and the efficacy
of radiofrequency ablation treatment
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Abstract. — OBJECTIVE: Our study aimed at
analyzing the echocardiographic multi-indicator
evaluation of the risk of Wolff-Parkinson-White
syndrome (WPW) on the left ventricular function
and ventricular wall motion disorders, as well as
the effect of radiofrequency ablation treatment.
PATIENTS AND METHODS: The clinical data of
55 WPW patients treated with radiofrequency (RF)
ablation at the Children’s Hospital of Nanjing Med-
ical University between January 2018 and Decem-
ber 2022 were retrospectively analyzed and includ-
ed in the observation group, while other 50 healthy
children were included in the control group during
the same time. We analyzed the echocardiograph-
ic indices of the patients, assessed the effects of
the disease on left ventricular myocardial function
and ventricular wall motion disorders, and evaluat-
ed the effects of radiofrequency ablation treatment
on the myocardium of the left ventricle. The echo-
cardiographic parameters were analyzed to assess
the effect of the disease on left ventricular myocar-
dial function and ventricular wall dyskinesia.
RESULTS: Of the 55 patients with pre-excit-
ed syndrome, 20 had type A bypass and 35 had
type B bypass. Ten patients had pre-excited di-
lated cardiomyopathy with significant enlarge-
ment of the left ventricular cavity, reduced left
ventricular systolic function, and a significant
impairment of ventricular wall motion; the oth-
er 5 patients had basal segmental septal mo-
tion incoordination. Compared to the control
group, patients with left ventricular end-diastol-
ic diameter (LVEDD) (42.9+5.0 mm vs. 39.2+3.0
mm), peak strain dispersion (PSD) (38.8+15.3 ms
vs. 21.7+2.2 ms), maximum peak time difference
(MPTD) (200.2+92.8 ms vs. 89.5+9.8 ms) and in-
terventricular mechanical delay (IVMD) (36.2+13.7
ms vs. 21.2+2.1 ms) before RF ablation were in-
creased. Left ventricular ejection fraction (LVEF)
(57.1£9.1% vs. 65.9%2.6%), E/A (1.1+£0.2 vs. 1.8+0.2)
and global longitudinal strain (GLS) (-18.7+2.2%

vs. -22.4+0.5%) decreased, with statistically sig-
nificant differences (p<0.05). All 55 patients had
a successful procedure, and all postoperative
echocardiographic parameters were found to be
improved, compared to the preoperative period.
The results of the postoperative review after 3
months showed differences in E/A, PSD, MPTD,
and IVMD compared to the healthy group, sug-
gesting that left ventricular diastolic function and
synchrony had not fully returned to normal.
CONCLUSIONS: Echocardiography can better
evaluate myocardial motion and function in pa-
tients with Wolff-Parkinson-White syndrome and
monitor the effect and progress of disease treat-
ment, and has high clinical application value.
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Introduction

Wolff-Parkinson-White syndrome (WPW) is a
common cardiac arrhythmia. With an incidence
of approximately 0.1-0.3%, it is the most common
cause of cardiac dyskinesia in children®. Episodic
tachycardia is the main clinical symptom. Some
children have reduced cardiac function and a very
small number may have enlarged left ventricles
and reduced systolic function in the absence of
a tachycardia episode. The diagnosis of WPW
is currently made based on electrocardiographic
findings. However, the current electrocardiogram
(ECG) examination does not allow for the evalua-
tion of myocardial motion and function.
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The two-dimensional speckle tracking image
(2D-STI) is an echocardiographic technique for
quantitative analysis that has been developed in the
last decade. 2D-ST1 is independent from the angle of
the acoustic beam and has good accuracy and repro-
ducibility in assessing myocardial function and mo-
tion*. In this study, the risk of myocardial function
and wall motion in the left ventricle was evaluated
by conventional echocardiography and 2D-STI in
WPW children. We aim to increase clinical aware-
ness and improve the diagnosis of the disease, and
to further evaluate myocardial motion after radiof-
requency ablation to provide an objective basis for
clinical management of the prognosis of the disease.

Patients and Methods

Subjects

This study was approved by the Ethics Committee
of the Children’s Hospital of Nanjing Medical Univer-
sity (No. 202206111). All children’s guardians signed
informed consent forms. Fifty-five WPW children
who underwent radiofrequency ablation between
January 2018 and December 2022 in the Children’s
Hospital of Nanjing Medical University were retro-
spectively included in the observation group.

Observation group inclusion criteria
(1) Body surface electrocardiogram (ECG)
findings met the diagnostic criteria of WPW?>:
manifested by shortened P-R interval and wid-
ened QRS wave groups with pre-excitation waves.
(2) Received radiofrequency ablation treatment.
(3) Clear echocardiographic images and com-
prehensive data.

Observation group exclusion criteria

(1) Congenital heart disease.

(2) Cardiomyopathy, atrial fibrillation, sus-
tained supraventricular tachycardia, fractional
interventricular pre-excitation, hyperthyroidism,
electrolyte disorders, liver and kidney dysfunc-
tion, and transarterial conduction to the ventricles
via the collateral pathway during acute infection.

(3) All children were off antiarrhythmic drugs
for at least 5 half-lives before ablation.

Periodic 24-h ambulatory electrocardiogra-
phy was performed in each child to determine the
presence of acute tachycardia episodes and the
presence of supraventricular tachycardia lasting
12 h or tachycardia lasting 12 h.

Other 50 healthy children were selected as the
control group.

Control group inclusion criteria

(1) Normal echocardiographic and electrocar-
diographic findings in the children.

(2) No abnormal lesions in other systems.

Control group exclusion criteria

(1) Normal cardiovascular system examina-
tion, but the children had clinical symptoms.

(2) Previous history of taking medication for
cardiovascular diseases.

The observation group was divided into the
type A bypass group and the type B bypass
group, according to the location of the bypass
during the radiofrequency ablation. Type A WPW
atrioventricular bypass was mainly located in the
left ventricle, and type B WPW atrioventricular
bypass was mainly located in the right ventricle.
The observation group was divided into a pre-op-
erative group, a 1-week post-operative group, and
a 3-month post-operative group according to the
time points of pre-and post-operative ECG.

Instruments and Methods

The GE Vivid E95 cardiovascular ultrasound
system (General Electric Company, CT, USA)
was used for the ECG. The probe was either an
MS5SC-D or 6S-D phased-array probe (General
Electric Company, CT, USA). The width of the
sweep sector and image depth were optimized,
and the frame rate was adjusted (>60 fps). The
ECG gating was then connected. The examined
child was placed in a flat or left lateral position
with full chest exposure. The examination was
performed in a quiet state with a stable heart
rate. For infants who were uncooperative, chlo-
ral hydrate 5% (1 ml/kg, Tefeng Pharmaceuti-
cal Co., Ltd., Urumgqi, China) was administered
orally or by a reserved enema to sedate the child.
Standard views were taken, and data were mea-
sured for routine ECG. 2D-STI was performed
using the aortic spectrum to determine aortic
valve closure time, tracing the left ventricular
endocardium in parasternal, apical four-cham-
ber view, apical three-chamber view, and apical
two-chamber view, respectively. The software
automatically calculated longitudinal strain pa-
rameters for the left ventricular myocardium.
All patients were echocardiography by the same
cardiovascular sonographer before ablation, 1
week after ablation, and 3 months after ablation.
Each echocardiographic parameter was calculat-
ed as the mean of three cardiac cycles. To avoid
subjective bias, the physician reviewer of the
ECG was unaware of the patient grouping.
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Conventional echocardiographic parameters: (1)
left ventricular end-diastolic diameter (LVEDD).
The left ventricular end-diastolic diameter is mea-
sured on an M-mode image at the level of the mi-
tral valve cusps in a parasternal long-axis view or
a short-axis view of the left ventricle. (2) Left ven-
tricular ejection fraction (LVEF). This was obtained
using the biplane Simpson’s method. (3) Left ven-
tricular diastolic function. The E and A peaks of the
mitral orifice flow spectrum were measured, and the
E/A ratio was calculated. (4) M-mode observation
of the left ventricular wall for isotropic motion. (5)
Two-dimensional observation of the segments of ab-
normal ventricular wall motion in each section.

An indicator of biventricular synchrony is the in-
terventricular mechanical delay (IVMD). The time
from the onset of the QRS waveform to the onset
of the aortic and pulmonary valve flow spectra was
measured separately using pulsed Doppler flow spec-
tral images. The [VMD=left ventricular pre-ejection
time - right ventricular pre-ejection time.

2D-STI parameters: EchoPAC (Version 201,
GE Healthcare, Horten, Norway) workstation was
used for offline image processing and analysis.
These included (1) a bull’s-eye view of the longi-
tudinal peak strain and peak strain time; 2) peak
strain dispersion (PSD) of each segment of the LV
myocardium; (3) maximum peak time difference
(MPTD); (4) global longitudinal strain (GLS) of
the left ventricular myocardium.

Statistical Analysis

The data were analyzed using SPSS 25.0 sta-
tistical software (IBM Corp., Armonk, NY, USA).
Measurement data that conformed to a normal
distribution were expressed as mean + standard
deviation (SD). Ultrasound measurements in each
group at different time points and a comparison
of each parameter of ultrasound between the type
A bypass group and type B bypass group, and the
normal control group were analyzed using one-
way ANOVA. Counting data were expressed as
numbers (percentages). p<0.05 was considered a
statistically significant difference.

Results

General Clinical Information

In the observation group, there were 55 cases,
24 females and 31 males, with a ratio of 1:1.3; age
ranged from 1 year and 3 months to 16 years and
2 months, with an average age of 9.3+£3.3 years. In
the control group, there were 50 cases, 21 females

and 29 males, with a ratio of 1:1.4; aged 1 year and
9 months to 15 years and 8 months, with an aver-
age age of 8.7+2.7 years. There was no statistical-
ly significant difference between the two groups
in terms of age and gender (p>0.05). All children
developed postoperative complications such as
hemorrhage, infection, cardiac arrhythmia, and
kidney injury. After symptomatic treatment, all
complications were significantly improved.

General Information Between
WPW Subtypes

In the observation group, there were 20 patients
with type A and 35 patients with type B, a ratio of
1:1.79. LVEDD and LVEF did not differ from the
control group in type A patients (p>0.05), while all
other parameters differed from the control group
(p<0.05). Fourteen of the patients with type B had
abnormal ventricular wall motion and 13 had basal
segment thinning during systole with paradoxical
motion (Figures 1 and 2). 10 cases met the diagnos-
tic criteria for dilated cardiomyopathy. Based on the
complaints, frequency of supraventricular tachycar-
dia, and periodic 24-h ambulatory ECG to exclude
cardiomyopathy and other causes, the children pre-
sented with clinical signs and symptoms of chronic
congestive heart failure. Analysis of the longitudinal
peak strain bull’s-eye view of the left ventricular
myocardium showed little involvement of the apical
segment in patients with WPW. Type A bypass in-
volved mainly the inferior and anterior lateral walls
of the left ventricle (Figure 3), while type B involved
mainly the anterior, anterior, and inferior septum
and posterior wall (Figure 4) (Table I).

Comparison of Ultrasound Parameters
in the Observation Group Before

and After Radiofrequency Ablation
and in the Control Group (Table II}

All parameters of preoperative ultrasound in the
observation group deviated from the control group,
with statistically significant differences between the
groups (p<0.05). On review 1 week after surgery,
the abnormalities of ventricular wall motion dis-
appeared and were significantly better than all pa-
rameters preoperatively (Figures 5-7, p<0.05). Only
LVEDD was not different from the control group
(p>0.05), while the remaining parameters were all
different from the control group (p<0.05). The dif-
ferences between LVEDD, LVEF, and GLS in the
3-month postoperative group and the control group
were not statistically significant (p>0.05), while the
remaining parameters were still different from the
control group (p<0.05).
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Figure 2. Patient, female, 7 years
old. Pre-excitation syndrome. A pre-
operative echocardiogram of the para-
sternal four-chambered heart shows
an enlarged left ventricle with a devi-
ation of the septum towards the right
ventricle and localized bulging of the
basal segment (arrow). There is par-
adoxical motion with the ventricular
septum as a whole.

%
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PSD = 39 msec

Figure 1. Patient, male, 7 years old.
An electrocardiogram shows pre-ex-
citation syndrome. The preoperative
M-mode echocardiogram shows the
septum moving in the same direction
as the posterior wall of the left ventri-
cle (arrow), and the septum is partially
convex to the right ventricle (arrow).

Figure 3. Patient, male, 11 years
old. Treated with radiofrequency ab-
lation for pre-excitation syndrome.
The intraoperative localization by-
pass was the left bypass. Preoperative
2D speckle tracking imaging bull’s
eye view of longitudinal strain in the
myocardium shows left ventricular
inferior wall (-12%), inferior lateral
wall (-11%), and anterior lateral wall
(-16%). The strain values were below
normal and were dominated by the
basal segment.
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Figure 4. Patient, female, 10 years : ; g
old. Treated with radiofrequency ab- Peak Systolic Strain (Mid)
lation for pre-excited cardiomyopa- ANT_SEPT

thy. Intraoperative electrophysiology
clarifies type B right-sided bypass.
Preoperative 2D speckle tracking im-
aging of longitudinal strain in the left
ventricular myocardium bull’s-eye
image shows anterior wall (-14%), an-
terior septum (-9%), inferior septum
(-15%) and inferior wall (+9%). The
strain values are lower than normal,
predominantly at the base, with the
inferior wall showing a contradiction
with the overall motion.

Table I. Comparison of ultrasound parameters between type A bypass and type B bypass groups and control group.

Types n LvS LVSF LVDF Ventricular synchrony
LVEDD LVEF GLS E/A PSD MPTD IVMD
(mm) (%) (%) (ms) (ms) (ms)

Type A bypass 20 40.6+4.0° 623170 -20.1207° 12402  28.4+3.5%  139.5420.3° 27.242 8%
Type B bypass 35  442+51® 542+102% -18242.4® 1.0£0.1® 44.6+16.3® 228.2+958%® 412+14.8%
Control group 50 39.243.0°  65.942.6° -22.4+0.5 1.8£0.2%  21.742.2%  89.549.8%  2[.242 ]
F 17.183 39.113 272.798 61.370 65.091 88.70° 56.504
p 0.006 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Compared with the control group, ®p<0.05; Compared with the A-type bypass group, ®»<0.05; Compared with the B-type bypass
group, p<0.05. LVS, left ventricular size; LVSF, left ventricular systolic function; LVDF, left ventricular diastolic function; VS,
ventricular synchrony; PSD, peak strain dispersion; IVMD, interventricular mechanical delay; LVEF, left ventricular ejection
fraction; LVEDD, left ventricular end-diastolic diameter; MPTD, maximum peak time difference; GLS, global longitudinal strain.

Table Il. Comparison of ultrasound parameters in the observation group before and after radiofrequency ablation and in the
control group.

Types n LvsS LVSF LVDF Ventricular synchrony
LVEDD LVEF GLS E/A PSD MPTD IVMD
(mm) (%) (%) (ms) (ms) (ms)

Preoperative 55 42.945.0%¢  57.1£9.0%¢  -18.7+2.2%%¢ 1.140.2%°  38.8+15.3%¢ 200.2+92.8¢  36.2+£13.7°°
group

Postoperative 55 40.0+£3.8¢  63.5+2.4%¢  21.140.8*¢  1.54£0.1%¢  25.145.5%¢  139.3+43.2%d  23.8+5.1%¢
1-week group

Postoperative 55 39.243.6¢ 657417 22,1404 1.7+0.1%¢  20.3+£2.2°%¢  111.2+414.8%¢  19.6+2.0°*
3-month group

Control group 50 39.243.0¢  65.9+42.6°¢ -22.4+0.5¢ 1.8+0.2*¢  21.742.2%®  89.5+9.8¢ 21.2+42.1b

F 11.04 36.81 98.39 210.68 55.79 45.22 54.27

)4 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Compared with the control group, 2p<0.05; Compared with the postoperative 3-month group, °»<0.05; Compared with the
postoperative 1-week group, °p<0.05; Compared with the preoperative group, dp<0.05. LVSF, left ventricular systolic function;
LVDF, left ventricular diastolic function; VS, ventricular synchrony; PSD, peak strain dispersion; IVMD, interventricular
mechanical delay; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; MPTD, maximum peak
time difference; GLS, global longitudinal strain.
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Figure 5. Patient, male, 8 years old. He was treated with radiofrequency ablation for pre-excitation syndrome. Type B bypass,
preoperatively (a), the left ventricle of the parasternal four-chamber heart was spherically dilated, and the septum was mark-
edly convex to the right ventricle. On review 1 week postoperatively (b), the left ventricle was significantly smaller than before
surgery. The four-chambered heart shows a harmonious right-to-left ratio

Peak Systolic Strain Peak Systolic Strain Peak Systolic Strain

Figure 6. Patient, female, 11 years old. Intraoperative diagnosis of type B bypass. Preoperative (a), postoperative 1-week (b),
and postoperative 3-month (c) bull’s-eye views of longitudinal strain in the left ventricular myocardium show progressively
higher strain values in the anterior wall, anterior septum, inferior septum, and inferior wall. This has returned to normal on
review at 3 months postoperatively.

Time to Peak Longitudinal Strain Time to Peak Longitudinal Strain Time to Peak Longitudinal Strain

Figure 7. Patient, male, 10 years old, type B bypass. Preoperative (a), postoperative 1-week (b), and postoperative 3-month (c)
peak time strain bull’s-eye diagrams show a decrease in PSD from 67 ms to 34 ms and finally 24 ms, returning to normal values.
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Discussion

Mechanisms of WPW Occurrence
and Regression

In the normal physiological state, the AV node
is the only structure for electrical conduction be-
tween the atria and the ventricles. When there is
an abnormal bypass between the atria and ven-
tricles, the impulses from the sinoatrial node, in
addition to traveling down the normal conduction
pathway, also excite the part of the myocardium
earlier through the faster conduction bypass,
causing arrhythmias, called ventricular pre-ex-
citation®. The more common clinical symptom is
episodic tachycardia. Patients experience signifi-
cant precordial discomfort, pain, palpitations, and
a range of other symptoms. After radiofrequency
ablation eliminates the abnormal target, cardiac
conduction returns to normal, and the clinical
symptoms of the child may disappear’.

An Exploration of the Differences
Between the Various Subtypes of WPW
Type C is the rarer of the three subtypes, and
type B is more common than type A®. The results
of this study showed that all cases with abnor-
mal ventricular wall motion and the formation of
pre-excited cardiomyopathy were type B bypass-
es, which is consistent with the current findings’.
Very few patients with type B collateral tract pro-
gressed to pre-excited cardiomyopathy. Ten pa-
tients in this study presented with dilated cardio-
myopathy, including an enlarged left ventricle and
reduced LVEF, referred to as pre-excited dilated
cardiomyopathy'. The B bypass is a right-sided
atrioventricular bypass that excites a relatively
early septum in an otherwise normal heart, result-
ing in asymmetric excitation throughout the left
ventricle''. As the early-excited ventricular wall
site undergoes systolic motion before the heart is
fully diastolic, the preload on the ventricular wall
is reduced, and the resistance to cardiac contrac-
tion is reduced. As a result, local ventricular wall
work is reduced, leading to a long-term reduction
in coronary blood supply, wall thinning, and re-
duced wall stress'?. Fourteen patients in the ob-
servation group with type B WPW showed abnor-
mal ventricular wall motion, manifesting as the
contradictory motion of the basal segment of the
septum locally to the septum as a whole. Type M
showed the isotropic motion of the septum to the
posterior left ventricular wall. The combination
of abnormal electrical and mechanical conduc-
tion mediates left ventricular dysfunction and re-

modeling, resulting in paradoxical septal motion,
myocardial thinning, failure of the left ventricle
to achieve maximal filling, decreased myocardial
contractility and work, and ultimately left ven-
tricular enlargement and reduced LVEF, with the
most severe manifestations of dilated cardiomy-
opathy". The prognosis for this disease is better
than for primary dilated cardiomyopathy. Normal
electrophysiology is restored by ablation of abnor-
mal bypass targets by radiofrequency ablation,
LV myocardial contraction is synchronized, and
LV systolic function is fully restored*'". In pa-
tients with type A WPW and some type B WPW
that have not yet resulted in ventricular remodel-
ing, conventional echocardiographic parameters
LVEDD and LVEF do not differ from the normal
group, and only mitral E/A values are lower than
in normal children. This suggests that diastol-
ic function is impaired before abnormal systolic
function in children with WPW, consistent with
the findings of Tomaske et al'’.

2D-STI and Ventricular Synchrony
Analysis in WPW Patients

2D-STI has matured as a technique for study-
ing myocardial function, and this technical in-
dex is more sensitive in responding to myocardi-
al work'®"". Longitudinal strain bull’s-eye views
of the left ventricle reveal the localized reduced
motion of the ventricular wall in almost all pa-
tients. In severe cases, the localized myocardium
showed contradictory motion to the overall myo-
cardium. In contrast, two-dimensional echocar-
diography revealed abnormal ventricular wall
motion in only 14 cases. Further analysis of the
longitudinal strain curve of the ventricular sep-
tum showed two peak contractions of the affect-
ed septum, the earlier one being an earlier con-
traction with a smaller peak. Rebound motion
occurred when the aortic valve closed, followed
by peak systolic motion again with posterior
wall motion. Bull’s-eye diagrams of peak strain
dispersion in each segment of the left ventricular
myocardium show peak times in each segment,
corresponding to longitudinal strain bull’s-eye
diagrams, with longer peak times in segments
with decreasing strain values, and left ventric-
ular systolic asynchrony manifested as differ-
ences in peak times in each segment, further
elaborating the pattern of myocardial excitation
in WPW from objective indicators'®. All WPW
patients in this study had biventricular motion
and overall left ventricular motion asynchrony,
manifested by early contraction of the right ven-
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tricle and post-contraction of the left ventricle.
This may be because the affected ventricular
septum in patients with WPW contradicts the
left ventricular motion and projects towards the
right ventricle during contraction, participating
in the contraction of the right ventricle, resulting
in a faster rise in right ventricular pressure and a
relatively early opening of the pulmonary valve.
In contrast, the left ventricle cannot be filled to
its maximum extent, resulting in delayed aortic
valve opening and a vicious circle between ab-
normal ventricular wall motion and synchroni-
zation of biventricular motion, which accelerates
the impairment of myocardial function".

Ultrasound Indicators to Monitor
the Effectiveness of Radiofrequency
Ablation of WPW

Radiofrequency ablation is the first treatment
option for patients with WPW. Most patients
with WPW can be treated regularly with anti-
arrhythmic drugs, which can reduce the occur-
rence of paroxysmal supraventricular tachycar-
dia to some extent. However, the recovery of left
ventricular function and ventricular wall motion
is only satisfactory with successful ablation
therapy'. In this study, only 1 week after under-
going the procedure, all echocardiographic pa-
rameters were significantly improved compared
to the preoperative period, and LVEDD returned
to normal levels. The LVEDD, LVEF, and GLS
had all returned to normal levels by 3 months
after the procedure but left ventricular diastol-
ic function had not yet returned to normal, and
the left ventricular time to peak and biventricu-
lar synchrony was slightly reduced compared to
normal. The study confirmed that radiofrequen-
cy ablation is an effective treatment for WPW
and that left ventricular function and ventricular
wall motion returned to normal at the 3-month
review. Therefore, WPW is an indication of ra-
diofrequency ablation with a good prognosis,
in agreement with the study by Uhm et al*! and
others?***. Radiofrequency ablation is usually
used to treat some heart diseases, such as pre-
mature ventricular complex-induced cardiomy-
opathy and medically refractory paroxysmal and
persistent atrial fibrillation. Echocardiography
provides better monitoring of the post-ablation
outcome and provides objective clinical data on
the prognosis of patients with WPW.

There are shortcomings of this study. (1) The
2D-STI index was not comprehensive and failed
to explore myocardial damage in further depth,

and the comprehensiveness of the study will be
emphasized in future follow-up studies; (2) no
C-type cases were included, and the study of the
disease was not complete.

Conclusions

Echocardiography can better evaluate myo-
cardial motion and function in patients with
Wolff-Parkinson-White syndrome and monitor
the effect and progress of disease treatment and
has high clinical application value.
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