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Abstract

Objective: Physiologic tricuspid valve insufficiency is a common echocardiographic finding in
healthy children. However, there is limited data on its echocardiographic characteristics in
childhood. Vena contracta (VC) is defined as the narrowest part of the regurgitant insufficiency
jet, which is measured by color Doppler echocardiography just distal to the regurgitant orifice. It
is usually preferred because of its simplicity in measuring in clinical practice and sensitivity in
revealing the severity of valve insufficiency. However, due to the growing nature of pediatric
population, it is difficult to report exact values of vena contracta to distinguish between pathologic
and physiologic tricuspid valve insufficiency. The aim of this study is to determine if there is a
relationship between anthropometric measurements and vena contracta diameter. Additionally,
the study aims to calculate reference values for vena contracta in healthy Turkish children with
tricuspid valve insufficiency.

Methods: A total of 487 children between the ages of 0 and 18 years, who were admitted to the
pediatric cardiology clinic and had normal echocardiographic evaluations, were included in the
study. Measurements of VC and tricuspid valve regurgitation jet length were obtained using color
Doppler echocardiography, while the velocity of the tricuspid valve was measured using
continuous wave Doppler echocardiography. The vena contracta width of the tricuspid
regurgitation was typically visualized in the apical four-chamber view using optimal settings to
obtain the best image quality.

Results: The mean VC in the study group was 2.77 = 0.7 mm, and there was no significant
difference between genders in terms of VC value. There was a statistically significant positive
correlation between age and body surface area and VC value. In addition, there was a significant
positive correlation between VC and echocardiographically measured insufficiency jet length and
velocity.

Conclusion: The present study offers reference values and z-scores for VC measurement in
tricuspid valve insufficiency in healthy Turkish children. This fills the existing gap in knowledge
and enhances the clinical utility in distinguishing between pathological valve insufficiency.
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Introduction

Tricuspid valve insufficiency (TI) is a common echocardiographic finding in children with a structurally
normal heart, which is referred to as "physiological” TI. There is still limited data about its
echocardiographic features and how to differentiate it from pathologic valve insufficiency, especially in
childhood. Although noninvasive measurement of Tl is still controversial, echocardiography with color
Doppler flow measurements provides a semi-quantitative method for estimating the severity of regurgitation

with high specificity and sensitivity.

Vena contracta is one of the color Doppler measurements defined as the smallest part of the turbulent
regurgitant jet, before the expansion of it, just distal to the regurgitant orifice (6) (Figure 1). VC width can
be measured by transthoracic echocardiography with good feasibility and is also well correlated with other
sensitive color Doppler measurements, such as the effective regurgitant orifice area and the regurgitant
volume (7). It is especially useful to recognize small jets, as in physiological valvular insufficiencies (8). In
addition, vena contracta (VC) measurement is a valuable screening test for the differential diagnosis of mild
and severe tricuspid insufficiency. Although the determination of VVC width for the assessment of tricuspid
insufficiency is a useful, simple, and reliable method, no study has examined the vena contracta in cases of
"physiological™ tricuspid insufficiency. Therefore, we aimed to evaluate tricuspid insufficiency in healthy
Turkish children using two-dimensional Doppler echocardiography and to establish reference values for VC

by age groups.

Methods:

Subjects:

This study was conducted at the outpatient pediatric cardiology department of *** Hospital between January
2017 and April 2018. Participants with physiological tricuspid insufficiency (T1) were identified based on
the recommendations of the American Society of Echocardiography. Regurgitation was localized to a region
adjacent to valve closure, did not extend throughout systole, and had a low signal strength (5). Patients aged
0-18 years with physiologic tricuspid insufficiency, without congenital and/or acquired heart disease, whose
echocardiographic examination was normal, and who had regular sinus rhythm, formed the study group. In
addition to age, children were categorized into 9 groups: 0-1 month, 1-3 months, 3-6 months, 6-12 months,
1-3 years, 3-5 years, 5-9 years, 9-13 years, and 13-18 years. The formula by Mosteller et al., where the body
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surface area (BSA) (m2) = square root of [height (cm) x weight (kg)/3,600], was used to measure the body

surface area of children. Children with the presence of more than one tricuspid regurgitant jet on color-flow
Doppler imaging, irregular rhythm, structural anomalies of the tricuspid valve, congenital and/or acquired
heart disease, and other noncardiac health problems were excluded from the study.

Echocardiography:

All participants underwent two-dimensional and Doppler echocardiographic studies using 3-5 MHz
transducers and Vivid 3 devices (GE Healthcare, USA) while in the supine or left decubitus position.
Participants were at rest and not sedated during the procedure. The color Doppler images of VC were
obtained from an apical or right ventricular inflow view during midsystole by an experienced pediatric
cardiologist to avoid interobserver variability. Subsequently, the measurements of VC during two to three
consecutive cardiac cycles were averaged for each patient. To provide optimal screening, the gain was
adjusted step by step to obtain the maximum color gain level, and the region of interest was zoomed in. The
low velocity cutoff ranged from 2.1 to 6 cm/s. The aliasing velocity ranged from 46 to 96 cm/s (9). In a
randomly selected group of 10 patients, measurements of the VC were repeated from video recordings
within a one-week period to determine intraobserver variability. In addition, color and continuous-wave
(CW) Doppler techniques were used for all patients to determine the length of tricuspid insufficiency (TI)
(in mm) (between the terminal of the regurgitant jet and the tricuspid valve) and the velocity of TI.

Statistical analysis:

The data were recorded using the Statistical Package for the Social Sciences program version 21 (SPSS Inc.,
Chicago, IL, USA). The distributions of continuous variables were analyzed using the Shapiro-Wilk test.
The descriptive statistics were defined as the mean + standard deviation for normally distributed data and
as the median (minimum-maximum) for non-normally distributed data. To evaluate the relationship
between two continuous variables that exhibit a normal distribution, a Pearson correlation was used. A
Spearman correlation analysis was used to evaluate the relationship between two continuous variables with

non-normally distributed data. A p-value less than 0.05 was considered significant.
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Ethical Considerations:

The present study was approved by a scientific committee comprising the hospital administration and the
lecturers (number: 43278876-929-179-1233) and was performed in accordance with the Declaration of
Helsinki. Written informed consent was obtained in advance of the study from the parents of the study

participants.

Results

A total of 487 healthy Turkish children, including 210 girls (43.1%) and 277 boys (56.9%), formed the
study group. Age distribution according to gender is presented in Figure 2; the demographic features and
echocardiographic measurements of participants are summarized in Table I. All participants had
physiological TI. The mean VC value in the study group was 2.77 = 0.7 mm. There was no significant
difference between genders in terms of VVC value (p = 0.23). Intraobserver variability was low, at 2.2% +
4.8.

There was a strong positive correlation between age and surface area surface with VC (r = 0.65).
The jet length of TI and the velocity of TI were also correlated with \VC values (r=0.6, p<0.05).

The +2 and %3 z-scores for VVC values based on the age groups of patients are presented in Table Il. The
reference values of VC based on body surface area and gender are provided in Table I1l and Table IV.

Table I. Demographical and echocardiographic data of study participants

Girl Boy
N 487 210 (43.1%) 277(56.9%)
Age (months) 108.5+60.8 101.3£61.4 114+59.3
BSA (m?) 0.2+1.9 0.9+0.4 1.1+0.4
VC (mm) 2.8+0.73 2.75+0.74 2.83+0.72
Jet length(mm) 17.5+5.8 16.8+£5.2 18.1+£6.2
Velocity (m/sn) 2.28+0.19 2.26+0.19 2.3+0.19

BSA: Body surface area, VC: vena contracta
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Table II. Z-scores for VC values according to the age groups of patients

Mean
Age N vC +2SD (%95) +3SD (%99)
(mm)
0-1 month 22 1.59 1.47 1.71 1.43 1.75
2-3 months 17 1.71 152 1.90 1.45 1.97
4-6 months 14 1.96 1.82 2.1 1.76 2.16
7-12 months | 20 2.23 2.09 2.36 2.03 242
1-3 years 15 2.30 2.07 2.53 1.99 2.62
3-5 years 21 2.39 2.16 2.61 2.08 2.69
5-9 years 108 2.79 2.67 2.90 2.64 2.94
9-13 years 153 2.99 2.90 3.09 2.87 3.12
13-18 years 116 3.31 3.19 3.44 3.15 3.48

V'C: Vena contracta

Table III. Z scores of VC according to body surface area for girls

BSA (m?) n Mean VC | osp +2SD -3SD +3SD
(mm)

<0.25 11 1.56 1.40 1.73 1.33 1.80
0,26-0,50 22 1.99 1.84 2.14 1.79 22
0.51-0,70 11 2.15 1.87 2.43 1.75 255
0.71-1,00 61 2.80 2.64 2.96 2.59 3.01
1.01-1,25 43 2.93 2.71 3.05 2.64 311
1,26-1,50 38 3.00 2.80 3.20 2.73 327
1,51-1,70 19 3.56 3.8 3.85 3.18 3.95
1.71-2.10 5 3.98 3.00 4.95 2.18 5.77

BSA: Body surface area, VC : Vena contracta
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Table IV. Z scores of VC according to body surface area for boys

BSA (m?) n Mean VC | ,qp +2SD -3SD +3SD
(mm)
=025 ¥ 1.63 143 183 134 191
0.26-0.50 29 1.94 178 2.09 .73 214
0,51-0.70 10 242 22 2.60 215 2.68
0.71-1,00 49 2.67 753 2.82 248 287
1.01-1.25 69 2.03 2.80 3.06 2.76 3.10
1.26-1.50 53 3.16 2.99 332 2.94 338
[51-1.70 29 327 3.00 3.53 2.01 3.63
1.71-2,10 27 3.43 3,17 3.68 3.08 3.77

BSA: Body surface area, VC : Vena contracta
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Figure 1. The measurement of VC width by color Doppler echocardiography
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Figure 2. Age distrubition according to gender
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Figure 3. The correlation between VC and jet length, velocity
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Discussion

Tricuspid regurgitation is a common echocardiographic finding in children with normal hearts. Valvular
regurgitation has become easily recognized and diagnosed non-invasively due to advancements in using
new echocardiography devices and color Doppler methods in recent years. However, there is limited data
available on color Doppler imaging and the frequency of physiologic tricuspid insufficiency in healthy
pediatric populations. Although the non-invasive assessment of native valvular regurgitation remains
controversial, previous studies have indicated that color-flow Doppler imaging of vena contracta width is a
valuable and straightforward measure for quantifying tricuspid regurgitation. Adult studies suggest that a
vena contracta width greater than 0.7 cm indicates severe and pathological tricuspid insufficiency. However,
there is no established cutoff value for vena contracta width to differentiate between physiologic and
pathologic tricuspid insufficiency in childhood. To date, no studies have been conducted to measure the
vena contracta (VC) width in physiologic tricuspid insufficiency (TI) and to determine the reference values
in the pediatric age group. The results of this study provide the following insights:

VC width measurement is not only a simple and feasible method in clinical practice but also well-correlated
with other echocardiographic parameters that require repetitive measurements and are more time-
consuming, such as effective regurgitant orifice area, T1 jet area, hepatic venous flow pattern, and the right
atrium area. Although we did not perform these measurements, we also found a strong correlation between
VC width and TI jet size and velocity of T1, which are commonly used in clinical practice. As children have
a growing and developing nature, it is difficult to determine a single cutoff value to differentiate between
physiological and pathological TI. It is advantageous to establish reference values based on age or body
surface area and to utilize these values in clinical practice. We found a positive correlation between age and
body surface area and VC width and determined reference values of VC width in physiological TI.
Calculating pulmonary arterial systolic pressure from tricuspid regurgitation jet velocity by applying the
Bernoulli equation is commonly utilized in echocardiographic assessment of pulmonary hypertension.
Because of this special use of TI, in case of other Doppler methods are not sufficiently helpful,
understanding the reference values of vena contracta (VC) in TI may be beneficial. This knowledge can aid
in determining prognosis, particularly before and after surgeries for congenital heart diseases. Moreover,
knowledge of cutoff VC values according to age could help specialists identify pathological valve

insufficiency.
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Limitations:

We are aware of the limitations of the present study. The most significant limitation is caused by the
measurement method of VC itself. For example, small measurement errors can lead to large percentage
errors, necessitating confirmation for intermediate values. The number of participants in the 0-5 age group
was fewer than in other age groups. Due to the age of the patients, optimal echocardiographic assessment
was challenging. The other potential limitation was that we only evaluated physiological TI, to understand
and determine the T1 severity in children, further large-sample studies involving functional and pathological

TI cases are required.

Conclusion

Despite known limitations, VC measurement is independent of hemodynamic and device-dependent factors
and is suitable for extreme measurements such as mild and severe T1. So, VC measurement is a rapid, easy,
and reliable method to evaluate physiological TI.The present study provides reference values and z-scores
for VC measurement in tricuspid valve insufficiency in healthy Turkish children, which have not been

established before.
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