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position, basal metabolic rate, haematocrit, exercise, type of 

delivery, gestational age, and geographical factors.(6) Further-

more, growth of children may be impacted by other influences 

such as environmental, social, and economic factors of a region; 

therefore, the development of regional echocardiography 

nomograms is essential.(4)

This study was undertaken to establish reliable echocardio-

graphy nomograms for cardiac chambers, valve annuli, thymus, 

and great vessels dimensions in Black South African neonatal 

population at a Southern African tertiary care centre.

INTRODUCTION

The quantification of cardiac dimensions derived from echo-

cardiography is necessary in assessing cardiac disease in pae-

diatric practice. Evaluation of size and growth of cardiac 

chambers, valves, and great vessels plays a key role in the 

diagnosis and management of cardiac disease in children.(1) 

However, nomograms for these structures are limited in 

children. Various studies have already provided normal values in 

the paediatric population that represent most populations 

throughout the world but there is paucity of data originating 

from sub-Saharan Africa.(2,3,4) The lack of representative nomo-

grams points to the need for more extensive studies to create 

reliable, accurate nomograms and reproducible results.(1) Speci-

fically, these studies needed to include larger populations of 

healthy children and neonates. Other authors have indicated 

deficiencies in data normalisation according to BSA, and pos-

sible differences in normal values related to ethnicity.(1, 5, 6)

The size of cardiovascular structures in neonates is influenced 

by many elements including growth, gender, race, body com-
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METHODOLOGY

Design and population
This was a descriptive, cross-sectional study conducted at Chris 

Hani Baragwanath Academic Hospital, which evaluated cardiac 

chambers, valve annuli, the thymus, and great vessel dimensions 

in Black South African neonates with normal hearts. 

Following approval from the “Human Research Ethics Com-

mittee (Medical), Ethics Clearance Certificate no. M150721” 

from the University of the Witwatersrand, a total of 386 parti-

cipants met the inclusion criteria (healthy Black South African 

newborns born by normal vertex delivery and by Caesarian 

section with structural normal hearts, at an age of 12 - 24 hours 

after birth) were enrolled after informed consent was acquired 

from all the mothers of participating neonates. 

Data acquisition and image post processing 
Demographic data was collected from the clinical notes. 

Echocardiographic measurements were performed in accor-

dance with the guidelines by the American Society of Echo-

cardiography(7), using the GE Healthcare Vivid e Compact 

Digital Ultrasound system. Scanning was done using a 7.5MHz 

transducer (S6). Cardiovascular structures were measured in 

millimetres. 

Aortic (AO) and LA diameters were measured using M-mode 

in the parasternal long axis (PLAX) or parasternal short axis 

(PSAX) views depending on which view had the better image. 

The aortic diameter was measured during peak systole using 

the outer edge to inner edge technique. The LA diameter was 

measured during end-ventricular systole at its greatest dimen-

sion and measured from the leading edge of the posterior 

aortic wall to the leading edge of the posterior LA wall, fol-

lowing which the LA to AO ratio was calculated. LV dimensions 

[left ventricle internal diameter (LVID), left ventricular posterior 

wall (LVPW) and interventricular septum (IVS)] were measured 

on M-mode during end-diastole and during end-systole using 

the PSAX view. 

Semilunar valve annulus (aortic and pulmonary valve) diameters 

were measured in the 2D view during peak systole, from hinge 

point to hinge point. The aortic valve annulus (AV ANN) was 

measured in the PLAX view and pulmonary valve annulus (PV 

ANN) in the PSAX view at the level of the aorta. Atrioventricular 

valve annulus (MV and TV) diameters were measured in dias-

tole at the point of maximal valve excursion and the dimensions 

were measured from hinge point to hinge point in the apical  

4 chamber view. The abdominal aorta (ABD AO), main pul-

monary artery (MPA) and pulmonary branches (left and right 

pulmonary artery) were measured in 2D during systole. The 

MPA, left pulmonary artery (LPA) and right pulmonary artery 

(RPA) were measured in the PSAX view at the level of the 

aorta. The ABD AO was measured in 2D in the subcostal view 

at the point of maximal systolic dimension at the level of the 

diaphragm. The thymus was measured in the PSAX view at 

level of aorta using 2D and was measured from anterior chest 

wall to the most anterior great artery.

Statistical analysis
Collected data was cleaned and entered onto an Excel spread-

sheet, and then analysed using XLSTAT v2019 to obtain 

baseline demographics such as mean, standard deviation and 

Z-scores. Data was then exported into STATISTICA (v13.5.0) 

statistical package for further analyses. 

Height, weight, body length (BL), body surface area (BSA), 

mode of delivery (MOD), and gender were used as independent 

variables in a regression model to predict the effects of con-

founding factors. Weight was used to express measurements 

according to body size and Z-scores were calculated to predict 

mean values of each echocardiographic measurement. Z-scores 

were computed using formula:(8) 

Where x is the measured dimension, µ is the mean of the 

sample and σ is the standard deviation of the sample. ±2 or 3 

standard deviation (SD) was calculated using formula:(9) 

Where x is the measured dimension, x- is the predicted mean, 

and n is the sample size. Predicted mean values were calculated 

using linear regression model (y = bx + c). The SD was then 

multiplied by 2 or 3 and added or subtracted from the predicted 

mean to obtain ±2 or ±3 SD. The inter-observer variability was 

tested using intraclass correlation coefficient to detect bias. A 

p-value of less than 0.05 was considered statistically significant.

RESULTS

Demographic data
A total of 386 patients were studied. There was a slightly higher 

percentage of females (195, 51%), than males (191, 49%). The 

study cohort consisted of neonates born both by normal vaginal 

delivery (NVD) and by Caesarian section (C/S) with equal dis-

tribution. Weight ranged from 2.50 - 4.43kg (mean, 3.180; SD, 

0.38), BL ranged from 39 - 62cm (mean, 5.6; SD, 3.8), BSA 
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ranged from 0.17 - 0.24me2 (mean, 0.20; SD, 0.01) and gesta-

tional age (GA) ranged from 37 - 42 weeks (mean, 39.0;  

SD, 1.4).

Effects of confounding factors

Multiple linear regression analysis was used to test the effects  

of confounding factors (weight, MOD, BSA, BL and GA) on  

all cardiovascular measurements (Table I). Body weight showed 

a significant relationship with all cardiovascular dimension 

NOMOGRAMS FROM NEONATES

TABLE I: Effects of confounding factors.

Variable Weight MOD Gender BSA

b p-value b p-value b p-value b p-value

LA *1.06 *0.000 0.11 0.499 -0.04 0.807 -7.38 0.257

AO DIA *1.11 *0.000 0.07 0.512 -0.14 0.219 -4.42 0.331

LVIDd *1.94 *0.000 -0.37 0.143 -0.19 0.444 -6.97 0.507

LVIDs *1.19 *0.001 -0.32 0.152 -0.19 0.393 -8.70 0.344

MPA *1.00 *0.000 *-0.48 *0.000 *-0.30 *0.027 1.16 0.836

RPA *0.31 *0.002 *-0.17 *0.008 *-0.18 *0.005 2.42 0.360

LPA *0.37 *0.001 *-0.31 *0.000 -0.04 0.572 -1.15 0.708

MV ANN *0.74 *0.001 *-0.44 *0.002 -0.11 0.455 *12.84 *0.028

TV ANN *1.28 *0.000 *-0.50 *0.004 0.10 0.578 -5.65 0.434

AV ANN *0.50 *0.000 -0.10 0.178 -0.01 0.901 -4.35 0.149

PV ANN *0.95 *0.000 -0.12 0.372 0.13 0.335 4.92 0.391

LA: left atrium, AO DIA: aortic diameter, LVIDd: left ventricular internal diameter in diastole, LVIDs: left ventricular internal diameter in diastole, MV ANN: mitral valve annulus, 
TV ANN: tricuspid valve annulus, AV ANN: aortic valve annulus, PV ANN: pulmonary valve annulus, MPA: main pulmonary artery, RPA: right pulmonary artery, LPA: left 
pulmonary artery. *: significant values.

TABLE II: LA and AO diameter M-mode measurements in 
millimetres.

Cardiac 
dimensions 

measurements

Standard  
deviation

Group 1: 
2.50 - 2.99

Group 2: 
3.00 - 3.49

Group 3: 
3.50 - 4.50

LA

3+ 15.42 15.88 16.34

2+ 13.91 14.37 14.83

MEAN 10.89 11.35 11.81

2- 7.87 8.33 8.79

3- 6.37 6.82 7.28

AO diameter

3+ 12.04 12.52 13.01

2+ 10.98 11.47 11.95

MEAN 8.87 9.36 9.84

2- 6.76 7.25 7.73

3- 5.71 6.19 6.68

LA/AO ratio

3+ 1.96 1.97 1.99

2+ 1.76 1.77 1.78

MEAN 1.36 1.37 1.38

2- 0.95 0.96 0.97

3- 0.75 0.76 0.77

LA: left atrium, AO: aorta.

TABLE III: LV M-mode measurements in millimetres.

Cardiac 
dimensions 

measurements

Standard  
deviation

Group 1: 
2.50 - 2.99

Group 2: 
3.00 - 3.49

Group 3: 
3.50 - 4.50

IVSd

3+ 7.64 7.80 7.97

2+ 6.59 6.76 6.92

MEAN 4.50 4.66 4.83
2- 2.41 2.57 2.73

3- 1.36 1.52 1.68

IVSs

3+ 8.61 8.82 9.02

2+ 7.42 7.62 7.82

MEAN 5.02 5.22 5.43
2- 2.63 2.83 3.03

3- 1.43 1.63 1.83

LVIDd

3+ 22.79 23.66 24.53

2+ 20.43 21.30 22.17

MEAN 15.73 16.59 17.46
2- 11.02 11.88 12.75

3- 8.66 9.53 10.40

LVIDs

3+ 15.88 16.43 16.98

2+ 13.75 14.30 14.86

MEAN 9.50 10.05 10.60
2- 5.24 5.79 6.34

3- 3.11 3.66 4.21

LVPWDd

3+ 5.74 5.93 6.11

2+ 4.88 5.06 5.24

MEAN 3.14 3.33 3.51
2- 1.41 1.59 1.78

3- 0.54 0.73 0.91

LVPWDs

3+ 7.52 7.62 7.73

2+ 6.53 6.63 6.74

MEAN 4.55 4.65 4.76
2- 2.56 2.67 2.77

3- 1.57 1.68 1.78

IVSd: interventricular septum in diastole, IVSs: interventricular septum in systole, 
LVIDd: left ventricle internal diameter in diastole, LVIDs: left ventricle internal 
diameter, LVPWDd: left ventricle posterior wall diameter in diastole,  
LVPWDs: left ventricle posterior wall diameter in systole.
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measurements (p<0.005). Mode of delivery (MOD) had signi-

ficant associations with atrioventricular valves (p<0.005), main 

pulmonary artery, and branch pulmonary artery measure-

ments. There were no significant relationships between all 

cardiac dimension measurements and body length (BL) or 

gestational age (GA), (p=0.122 - 0.969), nor for gender and 

BSA (p=0.149 - 0.836).

Inter-observer variability
The inter-observer variability showed a strong correlation in 

most measurements, (ICC=0.50 - 0.82). The exceptions in-

cluded PV and TV annulus, with moderate correlation ob-

served (ICC=0.44 - 0.49) and the LVPWD with weak cor-

relation (ICC=0.30 - 0.35).

Echocardiography measurements
All cardiac dimensions correlated well with body weight. All 

echocardiographic measurements are presented as mean 

(shown as bold number) and ±3 standard deviations (SD) 

(Tables II - V). All cardiac dimensions were within ±2 standard 

deviations, with a few exceptions-score boundaries which are 

presented as straight lines with actual values as dots in between 

the boundary lines. Z-scores for each cardiac dimension are 

shown as dots against weight. Z-scores and Z-score boundaries 

for all measurements are presented graphically in Figures 1 - 9. 

DISCUSSION

Quantitative assessment of the heart is critical for assessments 

of deviation from the normal but can only be done if there are 

normative values available against which to make comparisons 

and to identify abnormalities. Paediatric 2D and M-mode echo-

cardiography nomograms of good quality which are available 

for chamber size, cardiac valve annulus, and great vessel dimen-

sions have been derived mainly from European and American 

populations.(6,10,11,12,13,14,15)

This study aimed to establish reliable echocardiography nomo-

grams of Black South African neonates. There were only 2 

other studies(4,16) from sub-Saharan Africa found in the litera-

ture namely, Majonga, et al.(4) who focused on children and 

TABLE IV: Valve 2D measurements in millimetres.

Cardiac 
dimensions 

measurements

Standard  
deviation

Group 1: 
2.50 - 2.99

Group 2: 
3.00 - 3.49

Group 3: 
3.50 - 4.50

MV ANN

3+ 12.38 12.80 13.21

2+ 11.03 11.45 11.87

MEAN 8.34 8.75 9.17

2- 5.64 6.06 6.47

3- 4.29 4.71 5.12

TV ANN

3+ 14.06 14.64 15.23

2+ 12.39 12.97 13.55

MEAN 9.04 9.62 10.20

2- 5.69 6.27 6.86

3- 4.02 4.60 5.18

PV ANN

3+ 10.78 11.19 11.61

2+ 9.47 9.88 10.30

MEAN 6.85 7.26 7.68

2- 4.22 4.64 5.05

3- 2.91 3.33 3.74

AV ANN

3+ 7.69 7.91 8.14

2+ 6.99 7.22 7.44

MEAN 5.60 5.82 6.05

2- 4.21 4.43 4.66

3- 3.51 3.73 3.96

MV ANN: mitral valve annulus, TV ANN: tricuspid valve annulus, PV ANN:  
pulmonary valve annulus, AV ANN: aortic valve annulus.

TABLE V: Arterial and thymus 2D echocardiography 
measurements in millimetres.

Cardiac 
dimensions 

measurements

Standard  
deviation

Group 1: 
2.50 - 2.99

Group 2: 
3.00 - 3.49

Group 3: 
3.50 - 4.50

MPA

3+ 10.76 11.25 11.75

2+ 9.45 9.94 10.44

MEAN 6.83 7.32 7.82

2- 4.21 4.71 5.21

3- 2.90 3.40 3.90

RPA

3+ 4.81 4.99 5.17

2+ 4.22 4.39 4.57

MEAN 3.03 3.21 3.38

2- 1.84 2.02 2.20

3- 1.25 1.42 1.60

LPA

3+ 5.53 5.70 5.88

2+ 4.84 5.01 5.18

MEAN 3.45 3.62 3.79

2- 2.06 2.23 2.40

3- 1.36 1.54 1.71

THYMUS

3+ 24.90 25.63 26.36

2+ 22.11 22.84 23.57

MEAN 16.53 17.25 17.98

2- 10.94 11.67 12.40

3- 8.15 8.88 9.61

ABD AO

3+ 7.93 8.21 8.50

2+ 7.13 7.42 7.70

MEAN 5.53 5.82 6.11

2- 3.94 4.22 4.51

3- 3.14 3.42 3.71

MPA: main pulmonary artery, RPA: right pulmonary artery, LPA: left pulmonary 
artery. ABD AO: abdominal aorta.
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FIGURE 1: Left atrium and aortic root diameter dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 3: IVSs and LVIDd dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 4: LVIDs and LVPWDd dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 5: LVPWs and MV annulus dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 6: TV and AV annulus dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 7: PV annulus and MPA dimension Z-scores and Z-score boundaries by body weight. 
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FIGURE 8: RPA and LPA dimension Z-scores and Z-score boundaries by body weight. 
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adolescents without any neonates with a sample size of 282, 

and Jacobs(16) who concentrated on preterm neonates with a 

sample size of 290. Therefore, our study represents the first 

full-term neonatal echocardiography nomograms from sub-

Saharan Africa to date, consisting of the largest sample size 

compared to previous studies.(4,16)

In this study we showed that body weight had a significant linear 

relationship with studied cardiovascular structures suggesting a 

linear relationship between foetal somatic growth and size of 

cardiovascular structures. Interestingly about 45% of cardiac 

dimensions showed linear relationship to mode of delivery 

similarly to a previous study.(6) Smaller dimensions were found 

in neonates born by C/S. Despite an intensive literature search, 

there is no known reason to explain this relationship between 

mode of delivery and cardiovascular dimensions. Gender had a 

minimal influence on cardiovascular structures, since we found 

no significant differences between boys and girls with regards to 

cardiovascular dimensions in accordance with findings from 

Kammann(10) and Guizeltas and Eroglu.(13) However, 2 studies(5,17) 

found significant differences between the 2 genders with boys 

having larger dimensions than girls. 

Using interobserver variability we found a strong correlation 

between measurements done by a senior echocardiographer 

and junior echocardiographer suggesting that the methods used 

to measure are reproducible regardless of experience. Of note 

LVPW dimensions which are M-mode based and PV annulus 

which is 2D based both failed the interobserver variability 

testing. Our findings agree with other studies(6,7) which high-

lighted the issue of overestimation in the leading edge to leading 

edge measurements, particularly when performed by less the 

experienced echocardiographer. Furthermore, LV dimension 

and wall thickness echocardiography measurements are widely 

used in clinical practice and for research purposes. M-mode 

ventricular diameter measurements in the paediatric age group 

is the preferred method for LV quantification but can lead  

to overestimation of measurements.(6) This lack of accuracy in 

measurements may explain the poor inter-observer variability 

calculated for the LVPWd and LVPWDs measurements in our 

study. Similarly, the reason for the PV annulus measurements 

having a moderate inter-observer variability correlation may be 

due to measurements being acquired in the PSAX, which has a 

relatively low resolution and an oblique orientation resulting in 

a possible suboptimal measurement accuracy.(7)
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We have presented normal cardiovascular dimension reference 

values that are expressed as Z-scores recommended by the 

American Society of Echocardiography and other authors.(6,14,18) 

Our study cohort showed higher dimensional measurements of 

M-mode cardiac structures compared to those of published 

literature.(10,13)  Majonga, et al.(4) also showed that interventricular 

septum and left posterior wall dimensions acquired using 

M-mode were similar to published non-African references. 

These findings suggest that other factors such as environmental, 

social, economic, racial, and ethnic factors of the population 

may influence growth or development and thus account for 

these minor differences. In generating Z-scores as recommended 

by the American Society of Echocardiography, our study cohort 

shows that M-mode based measurements were higher than 

those of similar studies done in neonates.(10,13,14) Some of the 

study measurements exceeded Z-scores above +2 and below 

-2. To accommodate these extremes, Z-scores of +3 and -3 

Z-scores were added. 

STUDY STRENGTHS AND LIMITATIONS

This study is unique as it represents a homogenous South 

African population and focuses on an understudied neonatal 

age group in an African cohort. In addition, structures that have 

been poorly studied in both African and non-African neonatal 

subjects, such as the left atrium to aortic root ratio, thymus and 

abdominal aorta have been included. Interobserver variability 

was comparable for all measurements.

Limitations of the study include the omission of right ventricle, 

right atrium, and inferior vena cava dimensions which has been 

generally understudied. 

CONCLUSION

This study has provided echocardiographic nomograms of 

normal Black South African neonates. Using the same method-

ology as other studies in the same area, our findings agreed with 

other published literature. The interobserver variability showed 

differences between experienced and less experienced echo-

cardiographers for two measurements that used leading edge 

to leading edge approach. This study therefore contributes 

valuable data which can be adopted by clinicians for clinical 

decision making when it comes to interventions for patients 

with abnormal cardiovascular structures. 
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