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Study aim
Determine the normal cusp height in pediatric patients according to parameters

of body size in healthy individuals < 18 years (714 normal echocardiograms included)
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Schematic representation of the study design and
the primary end point result.

CENTRAL MESSAGE

This study determines a normo-
gram to predict the normal
aortic valve cusps effective
height according to the body
surface area in pediatric patients.

See Commentaries on pages 138 and 140.
Video clip is available online.

Aortic valve (AV) repair is an attractive option in pediatric
patients because it avoids the long-term risk of anticoagula-
tion, allows growth, and postpones AV replacement. In the
past decade, favorable results in the adult patients and the
emergence of a systematic approach to the AV partly
explain the 3-fold increase in pediatric AV repairs.1 The
effective height (eH) is defined as the difference between
the central free margins and the atrioventricular junction
and is used as predictor of valve repair durability in adult
patients.2,3 Indeed, a postoperative eH<9 mm was associ-
ated with a higher risk of AV reintervention in the long-
term. The normal value of this parameter remains unknown
in pediatric populations.
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FIGURE 1. Schematic representation of the aortic root. STJ, Sinotubular

junction; gH, geometric height; eH, effective height; BSA, body surface area.
METHODS
All the normal transthoracic echocardiograms performed in paediatric

patients between January and July 2018 at our institution were considered

for this study. Upon additional review, echocardiograms from patients with

aortic regurgitation (trace or mild) or other cardiac lesions were excluded

(n¼ 92). A total of 714 echocardiograms were included in the present anal-

ysis. Nine (1.2%) patients had a bicuspid AV. The echocardiogram mea-

surements were all performed by 2 accredited cardiologists

retrospectively using the long-axis view in 2-dimensional echocardio-

grams. The primary end point was the eH, which was defined as the dis-

tance between the free edge of individual cusp and the plane of the

annulus in end-diastole. The secondary end point was the geometric height,

which was defined as the length of individual cusp in end-diastole
(Figure 1). The study was approved by our institutional review board and

a waiver of consent was obtained.

Continuous variables are presented as means, medians, standard

deviations, and range as appropriate. Categorical variables are expressed

as frequencies and percentages. To examine the relationships between

parameters of body size and each of the echocardiographic variables,

multiple models were tested (ie, linear, logarithmic, exponential, and
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TABLE 1. Leaflet and root predicted dimensions according to the

body surface area

Body surface

area (m2)

Effective

height (mm)

Geometric

height (mm)

0.2 4 � 1 8 � 1

0.3 5 � 1 10 � 1

0.4 6 � 1 11 � 1

0.5 6 � 1 12 � 1

0.6 7 � 1 13 � 1

0.7-0.8 7 � 1 14 � 1

0.9 7 � 1 15 � 1

1.0 7 � 1 16 � 1

1.1-1.2 8 � 1 16 � 1

1.3-1.6 8 � 1 17 � 1

1.7 8 � 1 18 � 1

1.8-2.0 9 � 1 19 � 1

Values are presented as mean � standard deviation.

VIDEO 1. Aortic valve repair of a truncal quadricuspid valve and measure

of the effective height using Schafers’ caliper. Video available at: https://

www.jtcvs.org/article/S2666-2507(21)00374-6/fulltext.
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square-root equations). Among the models that satisfied the assumption of

homoscedasticity, the model with the highest R2 value and normality of re-

siduals was considered to provide the best fit. Body surface area (BSA),

height, and weight were used as independent variables in each model.

RESULTS
The median age of patients was 6.2 years (range, 3 days-

17.7 years) and 340 (48%) were female. One hundred
fifteen (16%) were infants (aged <1 year), 413 (58%)
were children (aged 1-12 years), and 186 (26%) were ado-
lescents (aged 12-18 years). The median BSA, height, and
weight were 0.82 m2 (range, 0.1-2.32 m2), 117 cm (range,
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35-186 cm), and 21 kg (range, 1-100 kg), respectively. A
logarithmic equation resulted in the best fit and was used
for all the correlations. The eH correlated with BSA
(R2 ¼ 0.52 and R ¼ 0.72). Similarly, the eH correlated
with the height and weight (R2 ¼ 0.54 and R ¼ 0.73;
R2 ¼ 0.51 and R ¼ 0.71). The geometric height
(R2 ¼ 0.81 and R ¼ 0.90) correlated with the BSA. A chart
of normal values has been derived from these models and
presented in the Table 1 and Figure 2.
DISCUSSION
In adults, achieving a normal eH (>9 mm) after AV repair

results in a better long-term valve function.2,3 This measure
im
tric patients according to parameters

 (714 normal echocardiograms included)
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is useful in accessing residual cusp prolapse and can be ac-
cessed intraoperatively using an adjustable Sch€afers’
caliper (Video 1).4 Therefore, the creation of a nomogram
to evaluate cusp eH in pediatric patients and aiming for
an optimal eH intraoperatively may improve AV repair
durability in pediatric patients. This is all the more impor-
tant because congenital AV disease can present with a vary-
ing degrees of cusp retraction and thickening, which often
necessitate complex repair and the use a patch leaflet exten-
sion. The present study is limited by the use of 2-dimen-
sional measures, small number of competent bicuspid AV
included and the retrospective study design. The present
study report measures in a normal population and a
validation study is needed to assess the value of this chart
in predicting long-term AV repair durability.
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