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Abstract

Background: Doppler echocardiography is a reliable and non-invasive method of detecting valvar regurgitation. The aim of this study was to determine the prevalence 
of valvar regurgitation in children with structurally normal hearts and explore its relationship with age, gender and anthropometry.

Methods: This was a descriptive cross-sectional study conducted in four tertiary hospitals in Nigeria. Two hundred and thirty-three children (124 males and 109 
females), from birth to 18 years were recruited prospectively. Using transthoracic echocardiography, the presence of valvar regurgitation was assessed across the four 
cardiac valves using Color Doppler interrogation after structural abnormalities were ruled out. Data was analyzed using the Statistical Package for Social Sciences (SPSS) 
software, version 22.

Results: Valvar regurgitation was found in 158/233 children giving a prevalence of 67.8%. They consisted of 87 males and 71 females with a male: female ratio 
of 1.2:1. Of these, 82 (35.2%) had a single valvar regurgitation, 72 (30.9%) had regurgitation at two valves while 4 (1.7%) had regurgitation at three valves. Pulmonary 
regurgitation was the most common in 52.8% of cases while aortic regurgitation was seen in only two children (0.9%). There was a non-signifi cant negative correlation of 
age and body surface area with presence of tricuspid regurgitation (ρ -0.79, p=0.22 and ρ -0.12, p=0.08) and mitral regurgitation (ρ -0.04, p=0.56 and ρ -0.02, p=0.83) but 
positive correlation with pulmonary regurgitation (ρ 0.11, p= 0.11 and ρ 0.12, p= 0.08). The presence of valvar regurgitation was not associated with gender (p=.>0.05).

Conclusion: The prevalence of valvar regurgitation in apparently healthy Nigerian children is 67.8%. The presence of valvar regurgitation especially of the right sided 
valves could be a physiologic fi nding in apparently healthy children with structurally normal hearts. Regurgitation of the left sided valves is rare. 

Abbreviations

MR: Mitral Regurgitation; TR: Tricuspid Regurgitation; PR: 
Pulmonary Regurgitation; AR: Aortic Regurgitation

Background

Transthoracic echocardiography with Doppler interrogation 
is a safe and reliable way of detecting valvar regurgitation [1-
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6]. Physiologic valvar regurgitation is usually suspected during 
echocardiographic evaluation of children with chest pain or 
palpitations who may not have underlying congenital heart 
disease. On auscultation of the cardiovascular system, however 
valvar regurgitation can present with murmurs or thrills which 
occur due to the turbulence of blood fl owing through the valve 
orifi ces [4,7]. Insignifi cant valvar regurgitations are considered 
physiological in clinical practice and can easily be missed on 
clinical examination [1-3,6,7]. Doppler echocardiography 
provides a means of assessing the presence, etiology and 
severity of the regurgitation and effect of its presence on 
cardiac size and function [4-7]. 

Several studies have described the prevalence of valvar 
regurgitation in adults and children with structurally normal 
hearts [3, 8-12]. Regurgitation of the pulmonary and tricuspid 
valves which are the right sided heart valves have been 
widely reported by several authors [10-12]. In addition to the 
predominance of these right sided heart regurgitant lesions, 
their prevalence has been noted to increase with advancing 
age [12,13]. The presence of regurgitation of the left sided 
heart valves especially the aortic valve usually indicates a 
pathological process and thus is rarely seen in normal hearts 
[6-9]. It is thus imperative to have a baseline information 
on the normal valvar fi ndings in structurally normal hearts. 
There have been no previous studies on prevalence of valvar 
regurgitation in apparently healthy children or adults in 
Nigeria. Thus the aim of this study was to determine the 
prevalence of valvar regurgitation in Nigerian children with 
structurally normal hearts and explore its relationship with 
age, gender and anthropometry.

Methods

Study centers

This was a cross sectional descriptive multicenter study 
carried out at the Paediatric cardiology clinics of the Niger Delta 
University Teaching Hospital (NDUTH) Okolobiri, University 
of Nigeria Teaching Hospital (UNTH), Ituku-Ozalla, Enugu 
and Aminu Kano Teaching Hospital (AKTH) Kano. The three 
hospitals are tertiary centers located in South-south, South-
East and North-Western parts of Nigeria with active paediatric 
cardiology practices.

Sampling

A total of two hundred and thirty-three (233) apparently 
healthy children from the three centers who were aged between 
1 day and 18 years were recruited by convenience sampling 
methods after written informed consent. Each participant 
had a thorough physical examination and anthropometry 
performed. Weight was measured in kilograms using a SECA® 

weighing scale to the nearest 0.1kg. Height was measured in 
centimeters with the child placed on a fi xed stadiometer to 
the nearest 0.1cm and converted to meters. Body surface area 
was derived for each participant using the Mosteller formula 
[14], Thereafter, in accordance with recommendations by the 
American Society of Echocardiography [15], a transthoracic 
echocardiogram, was performed on each child by experienced 

paediatric cardiologists in the respective institutions. A portable 
My Lab Gamma Esaote® cardiac ultrasound machine was 
used at NDUTH, E2 Sonoscape cardiac ultrasound machine at 
UNTH while SSI-8000 Sonoscape cardiac ultrasound machine 
was used at AKTH. Each machine was fi tted with appropriate 
frequency probes depending on the age of the child and 
image quality. After ruling out structural abnormalities using 
2-dimensional echocardiography, the four valve areas (mitral, 
tricuspid, aortic and pulmonary) were carefully examined for 
the presence of any malformed or thickened leafl ets. When the 
leafl ets were ascertained to be morphologically normal, each 
valve was interrogated using color Doppler imaging to detect 
the presence of regurgitant jets. 

Doppler windows were the parasternal long-axis, 
parasternal short-axis, and apical fi ve-chamber views for 
the aortic valve (Figure 1); and the parasternal long-axis, 
parasternal short-axis, and apical four-chamber views for 
the mitral valve. For the tricuspid valve, the right ventricular 
infl ow view and parasternal and apical four and fi ve chamber 
views were used (Figure 2) while the right ventricular outfl ow 
tract and the high parasternal short-axis view was used for the 
pulmonary valve (Figure 3). The fl ow signal was adjudged as 
regurgitant when it was observed as a reversed fl ow away from 
the valve by color Doppler echocardiography and when it lasted 
more than 100 msec by M-mode color fl ow mapping [6,12]. 

Figure 1: Arrow depicting aortic valvar regurgitation in a parasternal long-axis view.

Figure 2: Arrow depicting tricuspid valvar regurgitation in an apical 5-chamber 
view.e
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Study subjects

The study subjects were apparently healthy children 
between the ages of 1 day and 18 years of age who were 
recruited consecutively from the paediatric outpatient clinics 
of the hospitals during well child or follow up visits. Those who 
were above the ages of 18 years and who had known underlying 
cardiac disease (congenital or acquired) or any other chronic 
illness (HIV, tuberculosis, renal disease, diabetes or sickle cell 
anemia) or whose parents refused consent for the study were 
excluded.

Ethical considerations

Ethical approval was obtained from the Research and 
Ethics Committees of the three participating hospitals. Written 
informed consent was obtained from the parents of the children 
and assent from children aged 7 years and above. 

Statistical analysis

Data was analyzed using the Statistical Package for Social 
Sciences (SPSS) software, version 22 (IBM, Armonk, NY, USA). 
Categorical data were described as frequencies and percentages. 
Continuous variables were assessed for normality using the 
Kolmogorov-Smirnov test. Descriptive statistics including 
mean ± standard deviation and median with (interquartile 
range) were used to summarize continuous data that were 
normally or non-normally distributed respectively. Chi square 
was used to determine the association between the presence 
of valvar regurgitation and gender. Correlation of the various 
valvar regurgitations (mitral, tricuspid and pulmonary) with 
BSA and age were examined using Spearman Rank order 
correlation (as these data were all non-normally distributed). 
A p- value < 0.05 was considered statistically signifi cant. 

Results

A total of 233 apparently healthy subjects were recruited 
for this study. There were 124 males and 109 females, with a 
male: female ratio of 1.1:1 The participants were aged between 
1 day and 18 years with a median age of 98 months (IQR 60.0-

143.4). They had a median weight of 8.25 kg (IQR 2.0-29.0), 
mean height of 124.6 cm (±28.8), and a median body surface 
area of 0.92 m2 (IQR 0.71-1.2). 

One hundred and fi fty-eight; 158 children had at least one 
regurgitant valve giving the prevalence of valvar regurgitation 
to be 67.8%. They consisted of 87 males and 71 females with 
a male: female ratio of 1.2:1. Of these, 82 (35.2%) had a single 
valvar regurgitation, 72 (30.9%) had regurgitation of two 
valves while 4 (1.7%) had regurgitation at three valves.

Of the 82 with single valve regurgitation, only pulmonary 
regurgitation (PR) and tricuspid regurgitation (TR) were 
observed in 85.7% and 14.3% of the valves respectively. 

Of the 72 with regurgitation noted in two valves, majority; 
69 (95.8%) had PR co-existing with TR, 2 (2.8%) had TR with 
mitral regurgitation (MR) while 1 (1.4%) had TR with aortic 
regurgitation (AR) – these constituted 29.6%, 0.9% and 0.4% 
of the overall valvar regurgitations respectively. Only 4 children 
had regurgitation across three valves (PR+TR+MR) (Figure 4). 

Figure 3: Arrow depicting pulmonary valvar regurgitation in a high parasternal short-
axis view.

 

Note: TR: tricuspid regurgitation, MR: mitral regurgitation, PR: pulmonary regurgitation, 
AR: aortic regurgitation 
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Figure 4: Bar chart depicting combinations of valvar incompetence

In terms of the frequency of regurgitation at each valve, 

pulmonary valvar regurgitation was the most common 

while aortic valvar regurgitation was the least common with 

frequencies of 52.8% and 0.9% respectively (Table 1). Of the 

123 (52.8%) subjects with PR, males out-numbered the females 

(71 vs 52). Similarly, tricuspid regurgitation in 107 (45.9%) 

subjects was commoner in males (63) compared with females 

(44), while an equal number of boys and girls had MR (3 each) 

and only 2 boys had AR. 

Though there was a male preponderance of cases with valvar 

regurgitation, there was no statistically signifi cant association 

between gender and presence of TR (p=0.07), MR (p=1.00) and 

PR (p=0.09) (Table 2). There was a negative correlation of age 

with presence of TR ( -0.79, p=0.22) and MR ( -0.04, p=0.56) 

but positive correlation with PR ( 0.11, p= 0.11) though these 

were not statistically signifi cant. Similarly, there was a negative 

correlation of body surface area with presence of TR ( -0.12, 

p=0.08) and MR ( -0.02, p=0.83) but positive correlation with 

PR ( 0.12, p 0.08) were was also not statistically signifi cant 

(Table 3).
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Discussion

The prevalence of valvar regurgitation in our study 
was 67.8%. This fi gure was similar to the 59.7% reported 
by Ayabakan, et al. [10], whose study in Turkish children 
had a similar age distribution. Our fi nding was also similar 
to the prevalence of 61.4% as reported by Lee, et al. [11], in 
the assessment of 420 infants in Taiwan. Yoshida, et al. [6] 
whose study consisted of subjects from 6 to 49 years reported 
prevalence of 45-85% among the varying age groups. However, 
Brand, et al. [3] and Choong, et al. [13], reported much lower 
prevalence rates of 26.9% and 34.0% of valvar regurgitation 
among children in their studies. Schmidt, et al. [5], noted 
that variations in Doppler echocardiographic methods for 
quantifying valvar regurgitation which could account for these 
differences. They could also be due to variations in sample size, 
race and study methodology. 

In our study, single valvar regurgitation and regurgitation 
at two valves were seen in 35.2% and 30.9% respectively with 
regurgitation at three valves occurring in less than 2% of 
cases. Single valvar regurgitation has been noted to be more 
prevalent than multiple valvar regurgitation by other authors 
[3,11]. It was also noted that these single valvar regurgitations 

only involved the right sided valves which we also found to 
show more regurgitation than the left sided valves. Right valvar 
regurgitation predominance in normal hearts has similarly 
been described in previous studies although with variations in 
individual valvar regurgitation [3,6,10-12,16]. The prevalence 
of pulmonary regurgitation (PR) noted in our study was 
slightly higher than that of the tricuspid regurgitation (TR) 
with prevalence of 52.8% and 45.9% respectively. Van Diyk, 
et al. [12], reported a much higher prevalence of PR (84.0%) 
compared to TR (8.0%) in 173 children between the ages of 5 
and 14 years in their study. Right sided valvar regurgitation 
has been noted to be common in children and adults and is 
usually physiologic [4,6,17]. Some authors have suggested that 
the frequency of right-sided regurgitation may be related to 
the closer positioning of the transducer to the right side of the 
heart which reduces interferences and enhances image quality 
of Doppler signals [10]. The low prevalence of left sided valvar 
regurgitation in our study has also been reported by other 
authors [9,16,17]. Thompson, et al. [9], reported a prevalence 
of <2% of MR among 32 children in their study and AR in only 
one child. As shown in ours and previous studies, AR is rare in 
children and adults and when detected, should be regarded as 
pathologic [6,17,18]. The higher left heart pressure compared 
with the right, higher systemic vascular resistance and intimal 
proliferation of the left heart chamber vasculatures may also 
explain the low prevalence of left heart regurgitation seen in 
this and other studies [19].

Though there was a male preponderance of subjects with 
right sided regurgitation (PR and TR), this difference was not 
statistically signifi cant. Ayabakan, et al. [10], found that TR was 
more prevalent in the male subjects but noted no association of 
the other valvar regurgitation with gender. Gender differences 
in valvar heart diseases have been described in several studies 
with females having more mitral valve regurgitation than 
males [20-24].However, this has been observed mainly in 
females with organic valvar heart lesions such as degenerative 
and rheumatic mitral valve diseases [20-22] whereas our study 
involved only normal valves. Only two of our subjects had AR 
and both were male. Though the prevalence of AR has been 
reported to be low in subjects less than 60 years [17], it has 
been found to be commoner in males, though this may be 
due to the fact that most of these studies involved more male 
subjects than females [18,21]. Tricuspid regurgitation has been 
reported to be predominant in females in some studies and has 
been attributed to annular dilatation from chronic pressure and 
volume overload [8,25]. 

There was a negative correlation of age and body surface 
area with the presence of TR and MR which implied that the 
regurgitation of these valves are less prevalent with increasing 
age and body surface area. The presence of physiological MR 
has been noted to be commoner in the female gender [17,24]. 
Jones, et al. [24], noted an increase in the presence and severity 
of MR in those with lower BMI, female gender, mitral valve 
prolapse and stenosis and older ages in 3486 American Indian 
subjects. Our study also noted a positive correlation of age and 
body surface area with PR which implies that the prevalence 
of PR increases with age and body surface area though these 

Table 1: Frequency of valvar regurgitations.

Valve % regurgitation Male (n=139) Female (n=99)

PR 52.8 71 52

TR 45.9 63 44

MR 2.9 3 3

AR 0.9 2 0

Note: TR: Tricuspid Regurgitation; MR: Mitral Regurgitation; PR: Pulmonary 
Regurgitation; AR: Aortic Regurgitation

Table 2: Association between valvar regurgitation and gender.

Males (n=124) Females (n=109) χ² p- value

TR
Present
Absent

63
61

44
65 0.11 0.07

MR
Present
Absent

3
121

3
106 0.87 1.0

PR
Present
Absent

71
53

52
57 0.14 0.09

Note: TR: Tricuspid Regurgitation; MR: Mitral Regurgitation; PR: Pulmonary 
Regurgitation

Table 3: Spearman’s rank correlation of valvar regurgitation with age and body 
surface area.

TR present MR present PR present

ρ p value ρ p value Ρ p value

Age -0.79 0.22 -0.04 0.56 0.11 0.11

BSA -0.12 0.08 -0.02 0.83 0.12 0.08

Note: BSA: Body Surface Area; TR: Tricuspid Regurgitation; MR: Mitral Regurgitation; 
PR: Pulmonary Regurgitation
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relationships were not statistically signifi cant. However Brand, 
et al. [3], noted that the prevalence of PR increased signifi cantly 
with age unlike the regurgitations noted in the other valves [3]. 
Van Diyk, et al. [12], reported that neither age nor gender had 
any effect on the prevalence of right sided valvar regurgitation 
in their study. Choong, et al. [13], however noted an increased 
prevalence of MR, TR and AR with increasing age unlike fi ndings 
from Yoshida, et al. [6]who studied 211 subjects from the ages 
of 6 to 49 years and noted a decreasing prevalence of TR, PR 
and MR with age. Okura, et al. [17], however reported that TR 
was the most prevalent regurgitant jet in >80% of subjects 
between 10 and 89 years in their study and this prevalence was 
similar across the various age groups. The differences noted 
in these various studies could be attributed to differences in 
methodology and sampling. However, the increased prevalence 
of valvar regurgitation in young subjects could be attributed to 
the better ultrasonic penetration which is due to their fattened 
bony thorax, leaner body mass and lower body fat which 
permits adequate detection of Doppler signals [6,26]. 

This study does have some limitations. It was a qualitative 
assessment of valvar regurgitation parameters and did not 
involve measurements of velocities and other functional 
parameters. This however is recommended to be explored in 
further studies.

Conclusion

The prevalence of valvar regurgitation in apparently healthy 
Nigerian children is 67.8%. Regurgitation of the right sided 
valves is commoner than left sided valvar regurgitation with 
PR being the most prevalent. Regurgitation at the aortic valve 
is very rare. Presence of valvar regurgitation especially of the 
right sided valves could be a physiologic fi nding in apparently 
healthy children with structurally normal hearts.
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