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Fig. 1 Electrically magnified electrocardiogram (ECG)
(A) Preoperative ECG. Negative U-wave is observed in V5 and V6 leads (arrowheads). (B) Postoperative ECG. Negative

U-wave vanished.

Fig. 2 Radiographic images
(A) Preoperative left ventriculography. The ascending aorta is narrow above the Valsalva sinus (arrow). (B) Postoperative
enhanced computed tomography. The ascending aorta appears less obstructed morphologically.
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Introduction

Negative U-wave (NU), excluding on the aVR lead in
a standard 12-lead electrocardiogram (ECG), is consid-
ered abnormal in patients with underlying cardiovas-
cular diseases. It is recognized as a sensitive marker of
myocardial impairment, which indicates the presence of
ventricular pressure and volume overload or myocardial
ischemia.’ Most of pediatric cardiologists are, disap-
pointingly, less interested in NU compared with car-
diologists in adult cardiovascular medicine. Presented
herein is a 4-year-old girl with Williams syndrome
having significant supravalvar aortic stenosis (SVAS),
in whom preoperative ECG showed NU in left-sided
precordial leads suggesting pressure overload to the left
ventricle (LV).

Case

This patient was first diagnosed with a heart mur-
mur at the age of 6 months. Echocardiography showed
mild SVAS and mild peripheral pulmonary stenosis.
She was suspected of Williams syndrome on the basis
of intellectual disability, characteristic appearance, and
concomitant cardiac defects at the age of 3 years. The
chromosomal analysis confirmed the disorder with
7q11.23 microdeletion by fluorescence in situ hybrid-
ization. Pressure gradient of 50mmHg was observed
across SVAS on continuous-wave Doppler (CW) at the
age of 4 years. LV end-diastolic septal thickness, LV
end-diastolic posterior wall thickness, and LV end-di-
astolic diameter were 4.6mm with z score —1.15%,
5.5mm with z-score 1.06%, and 25.5mm with z-score
—3.12%, respectively, indicating no LV wall hypertro-
phy or enlargement (*according to a web site (https://
zscore.chboston.org), based on body surface area with
0.57 m?; for the LV end-diastolic posterior wall, the LV
end-diastolic free wall thickness on the site was applied).
LV systolic function was normal. LV diastolic function,
including the early to late diastolic mitral flow velocity
ratio, was not evaluated. ECG did not meet the criteria
for electrocardiographic LV hypertrophy; RV5=1.7mV,
RV6=14mV, SVI+RV5=35mV, and SV1+RV6=
3.2mV.? NU was observed in V5 and V6 leads (Fig.
1A). Pressure study on cardiac catheterization revealed
pressure difference of 50 mmHg between the LV and the
ascending aorta. The ascending aorta was narrow above
the Valsalva sinus on LV-graphy (Fig. 2A). After repair

of SVAS (Fig. 2B), pressure gradient estimated by CW
improved to 25 mmHg. At 5 months after surgery, NU in
V5 and V6 leads disappeared (Fig. 1B).

Discussion

According to the phasic relationship to positive
U-wave deflection, NU is classified as initial or terminal
U inversion¥; the former is associated with ventricular
pressure overload, such as hypertension, and is to pro-
ceed to positive U wave deflection. The latter is following
positive U wave deflection, associated with myocardial
ischemia, such as angina pectoris. In our patient, the
observed NU in the preoperative ECG was considered
as initial U inversion, suggesting significant LV pressure
overload induced by SVAS although the ECG did not
meet the LV hypertrophy criteria. The reason why pos-
itive U wave deflection was not observed following this
initial U inversion could be that deflection was extremely
small, even though it could have been magnified.

Miwa? reported that NU disappeared according to
improvement of blood pressure with antihypertensive
therapy in hypertensive patients with initial U inver-
sion, and LV diastolic dysfunction on echocardiography
before treatment was normalized in the post-treatment
term. Therefore, they hypothesized that initial U inver-
sion is caused by action potential gradient formation
between the endocardium and epicardium, produced by
stretching induced after depolarization in the ventric-
ular apical area with impaired early LV relaxation. LV
diastolic dysfunction was not evaluated in our patient;
nonetheless, NU transition seen in V5 and V6 leads sup-
ported the hypothesis of Miwa et al.

U wave deflection is commonly tiny and difficult to
detect with pulse rate of 95/min or higher.> Accordingly,
it is apt to be overlooked in young children with rela-
tively fast heart rate compared with in adults. NU may
be more easily magnified and detected using a personal
computer or other electronic media. Using such mod-
ern techniques, NU presenting with the initial U wave
inversion may reflect early ventricular pressure or vol-
ume overload before ventricular hypertrophy becomes
evident on ECG. Furthermore, in our patient, no clin-
ical symptoms such as angina nor coronary arterial
abnormalities were observed on aortography; even so,
the essence of NU with the terminal U inversion could
have been noted concomitantly, considering myocardial
ischemia due to coronary arterial impairment which is
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known to be a serious complication often occurring in
Williams syndrome with SVAS.

In conclusion, pediatric cardiologists in charge of
treating congenital heart disease should take a keen
interest in NU for electrocardiographic interpretation.
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