
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Fetal heart and increased nuchal translucency: anatomical, pathophysiological,
diagnostic and clinical aspects

Barker Clur, S.-A.

Publication date
2010

Link to publication

Citation for published version (APA):
Barker Clur, S-A. (2010). Fetal heart and increased nuchal translucency: anatomical,
pathophysiological, diagnostic and clinical aspects. [Thesis, fully internal, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/fetal-heart-and-increased-nuchal-translucency-anatomical-pathophysiological-diagnostic-and-clinical-aspects(32da4465-54bc-4e1e-8d80-0bba95637757).html


SAB Clur, K Oude Rengerink,  BWJ Mol, J Ottenkamp, CM Bilardo

Submitted

Is fetal cardiac function gender 
dependent?

Chapter 9

18175_Clur binnenwerk.indd   133 18-10-2010   14:00:39



134

Chapter 9

Abstract

Introduction 
An increased nuchal tranclucency(NT) is more common in males. A delayed diastolic cardiac function 

(DCF) maturation has been proposed as a possible cause for both this and reported gender-related 

differences in ductus venosus (DV) flow. 

Objective 
To investigate gender-related differences in fetal cardiac function. 

Methods 
190 karyotypically /phenotypically normal fetuses with structurally normal hearts and known NT 

measurement, (104 >95th percentile), were prospectively included between 1st October 2003 and 1st 

April 2009. They had been referred for fetal echocardiography. 310 echocardiograms were performed 

between 11 and 35 weeks’ gestation. 

The atrioventricular valve E- and A-wave peak velocity, E/A velocity ratio and E/TVI ratio, myocardial 

performance index, semilunar valves acceleration time (AT) and peak velocity, stroke volume and 

cardiac output as well as DV pulsatility index for veins at 11-14 weeks’ gestation, were measured. A 

multilevel analysis was performed using the NT(MoM) as a continuous variable. 

Results 
The male:female ratio was 1,56:1. 

The tricuspid valve (TV) E/TVI was significantly higher and pulmonary valve AT significantly lower 

in females compared to males. 

No other significant differences in cardiac function were found. 

Conclusions 
Our findings suggest better right ventricular (RV) relaxation and increased RV afterload, independent 

of NT thickness, between 11-35 weeks’ gestation. 
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Introduction

Male sex has been identified as an independent risk factor for adverse pregnancy outcome (Di Renzo et 

al., 2007) and is associated with an increased risk of chromosomal abnormalities, structural anomalies 

especially cardiac defects and genetic syndromes (Snijders et al., 1998; Souka et al., 1998;  Bilardo et 

al., 1998, 2007; Hyett et al., 1999; Ghi et al., 2001;  Galindo et al., 2003; Makrydimas et al., 2003; 

Atzei et al., 2005; Clur et al., 2008). Male fetuses tend to have a larger NT (Spencer et al., 2000; Lam 

et al., 2001; Timmerman et al., 2009), however , when the karyotype is normal they have a two-fold 

increased chance of a favourable outcome compared to females fetuses (Timmerman et al., 2009). 

Altered cardiac function has been postulated as a possible cause of the increased nuchal fluid 

accumulation, especially when associated with an abnormal ductus venosus (DV) Doppler flow, 

which in turn is associated with an increased risk for major cardiac defects (Matias et al., 1999; Bilardo 

et al., 2001; Haak et al., 2003; Prefumo et al., 2002, 2003; Maiz et al., 2008). Our group recently 

found however, that the tricuspid valve E/A-velocity and E-wave velocity /time velocity integral for 

the entire tricuspid valve inflow (E/TVI) ratios to be increased and ventricular afterload at 11-14 

weeks’ gestation discordant in fetuses with an increased NT thickness, (Clur et al., 2010). The right 

ventricular diastolic function of fetuses with an increased NT appeared improved over that of the 

fetuses with a normal NT at 11-14 weeks’ gestation, (Clur et al., 2010).  

Gender related differences in the DV Doppler waveform have indicated that the early cardiovascular 

development may be different in male and female fetuses, (Prefumo et al., 2003). However, other 

studies failed to confirm gender related differences in DV Doppler waveforms, (Teixeira et al., 2008b), 

or to find significant gender-related differences in fetal heart rates during the first trimester, (McKenna 

et al., 2006). 

If an increased NT measurement is related to cardiac function, then altered cardiovascular system 

development in males may explain their higher incidence of excessive nuchal fluid accumulation. 

The aim of this study was to investigate gender related differences in cardiac function and their 

relationship to the NT measurement. 

Methods

Consecutive fetuses with a known NT measurement referred to our Fetal Medicine Unit for fetal 

echocardiography between 1st October 2003 and 1st April 2009 were prospectively included. The NT 

was measured by ultrasonographers accredited by the Fetal Medicine Foundation. Standard referral 

indications for echocardiography at our Fetal Medicine Unit are an enlarged NT, suspicion of cardiac 

pathology or an a-priori risk of a CHD. Gestational age was determined using the fetal crown-rump 

length measured between 11-14 weeks’ gestation. Where indicated karyotyping was offered by chorion 

villous sampling or amniocentesis, depending on the gestational age.
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Fetal echocardiography was performed according to standard recommendations (Lee et al., 2008) 

using one of the following ultrasound machines; Philips IU22 (Philips Medical systems, Bothwell, 

WA, USA), General Electric Voluson Expert 730 or Voluson E8 (GE Medical Systems, Milwaukee, 

WI, USA). A fetal medicine specialist (CMB) or a pediatric cardiologist (SAC) performed all the fetal 

echocardiograms. After confirming a structurally normal heart, Doppler flow evaluation was performed 

using the four chamber and outflow tract views. Angle correction was applied as appropriate up to a 

maximum of 30 degrees. Care was taken to try to identify valve clicks where relevant and the fastest 

sweep time was used, (Simpson and Cook, 2002; Raboisson et al., 2003; Hernandez-Andrade et al., 

2005). Peak E-(early ventricular filling) and A-(atrial contraction) wave velocities (cm/s), E/A velocity 

ratio and time velocity integral (TVI) (cm) over the atrioventricular valves were measured to describe 

diastolic function, (Pacileo et al., 1994; Geva, 1998). 

The time between atrioventricular inflow (ms), semilunar valve ejection time (ms) and heart rate were 

measured and used to calculate the Myocardial Performance Index (MPI), a measure of global cardiac 

function, according to the formula a – b/b of Tei et al. (1995), where a=time between atrioventricular 

inflow and b=the ejection time over the semilunar valve. 

Systolic function was expressed in terms of: peak velocity (m/s) and acceleration time (AT) (ms) over 

the semilunar valves, stroke volume (ml) and cardiac output (ml/min). The great vessel diameter was 

measured at the level of the semilunar valve. The great vessel cross-sectional area (CSA) was then 

calculated using the formula CSA=π(D/2)2. Stroke volume (SV)=TVI X CSA and cardiac output 

(CO)=SV X HR, (St John Sutton 1991; Geva 1998). 

DV flow patterns were recorded by CMB as previously described, (Bilardo et al., 2001). The sample 

volume was kept as small as possible in order to avoid interferences from nearby vessels. The mean 

DV pulsatility index for the veins (PIV) was calculated and evaluated according to published reference 

ranges, (Teixeira et al., 2008a).

Additional measurements above the routine fetal heart examination extended the examination time 

by no more than 5 to 10 minutes. The mechanical and thermal indices were kept as low as possible 

(ALARA). All women were informed and consented to participate in the study. In each fetus it 

was attempted to schedule repeat echocardiograms in each trimester of pregnancy according to the 

moment of entry into the study.

Outcome data were collected from hospital notes. The presence of a normal heart was confirmed after 

birth by a physical examination of the baby, and where possible, by an echocardiogram. Cases with 

abnormal karyotype or postnatal phenotype, a structurally abnormal heart, extra-cardiac abnormalities 

and cardiac arrhythmias were excluded from the analysis.

Inter-observer and intra-observer reproducibility studies concerning the cardiac Doppler profiles 

assessed in this study were also performed and have already been published (Clur et al., 2010).

Statistical analysis 
A linear mixed model, (also known as multilevel analysis), was used to analyze the longitudinal 

relationship between fetal gender and cardiac function parameters, adjusted for NT multiples of the 
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median (MoM), during gestation. The various parameters of cardiac function were measured repeatedly 

over time (1-4 times per fetus), with irregularly spaced time intervals between the measurements. The 

linear mixed model uses all available data irrespective of the number of repeated measurements and is 

capable of dealing with irregularly spaced time intervals, (Twisk, 2007).  We used the NT expressed in 

multiples of the median (MoM) to correct for the effect of gestational age on the NT measurement.  

If the parameters of cardiac function were not normally distributed, a natural or 10log transformation 

was applied. We checked if a quadratic term improved the model. All analyses were performed with 

SPSS 17.0, a p value of <0.05 was considered statistically significant. 

Results

One hundred and ninety fetuses met the inclusion criteria for the study. The reasons for referral for 

fetal echocardiography were: increased NT in 71 (37.4%), increased risk of aneuploidy based on the 

combined test in 40 (21%), family history of congenital heart disease in 38 (20%), increased risk of 

a fetal abnormality in 23 (12.1%), suspicion of a fetal abnormality in 15 (7.9%), and other reasons 

in 3 (1.6%).

Characteristics of the study population are given in Table 1.

Three hundred and nine cardiac function studies were performed, once in 106 fetuses(55.8%), twice 

in 53 (27.9%), and at least three, were performed in 31 (16.3%) fetuses. Tables 2 and 3 show the 

number of echocardiograms performed per fetus and the distribution of cardiac studies per gestational 

age, sex and NT. 

Multilevel linear regression analysis showed that the pulmonary valve AT was significantly decreased 

and the tricuspid valve E/TVI was significantly increased in female compared to male fetuses between 

11 and 35 weeks’ gestation, irrespective of NT thickness. (Table 4. and Figure 1.) Figure 2. shows the 

Table 1. Characteristics of study population

  DETAILS

NT (n=190) Median 2.9mm,  87 (45.8%) <95th %ile 103 (54.2%)
 (0.5-14mm)   ≥95th %ile
DVPIV (n=109) Mean 1.5±0.7 64 (58.7%) <95th %ile 45 (41.3%) ≥95th %ile
Genotype/ phenotype 120 (63.2%) normal karyotype  70(36.8%) normal phenotype
Gender (n=190) 116 male, (50, (43%), NT <95th %ile) 74 female (38, (51%), NT <95th %ile)
 median NT 3.1mm, (0.5-8mm)  median NT 2.3mm, (1-14mm)
 mean DVPIV 1.5±0.7 (n=62) mean DVPIV 1.5±0.6 (n=47)
Cardiac Follow-up  Postnatal echocardiogram - 65/190 (34%)
(n=188) Clinical examination only - 113/190 (59.2%)
 Post mortem examination - 4/190 (2.1%)
Deaths (n=10) TOP -7 (2m:5f ) Deteriorating hydrops -4 Very large NT -3
(6f:4m) IUD -2 (1m:1f ) Chorioamnioitis -1 Unexplained -1
 Still birth -1 (male) Partus prematurus -1  

DVPIV, Ductus venosus pulsatility index for veins; f, female; IUD, intrauterine death; n, number; m, male; NT, 
nuchal translucency; TOP, termination of pregnancy; %ile=percentile.
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Table 2. Echocardiograms performed per fetus.

n 1 2 3 4
(%) (%) (%) (%) (%)
m:f m:f m:f m:f m:f

190  106 53 27 4
(100) (55.3) (28.4) (14.2) (2.1)
116:74 55:50 38:16 20:7 3:1

m:f, male to female ratio; n, number of patients; %, percentage. 

Table 3. Distribution of echocardiograms per gestation age, nuchal translucency thickness and gender.

 11-13.9  14-17.9 18-21.9 22-27.9 28-35.9
 weeks weeks weeks weeks weeks
 (m:f ) (m:f ) (m:f ) (m:f ) (m:f )

NT < 95th percentile 32 (21:11) 20 (12:8) 39 (25:13) 16 (8:8)    20 (13:7)
NT ≥ 95th percentile 52 (33:19) 35 (23:12) 53 (40:13)   14 (9:5)   29 (20:9)
Total 84 (54:30) 55 (35:20) 91 (65:26)      30 (17:13)   49 (33:16)

f, female; m, male; NT, nuchal translucency.

Table 4. Results of multilevel regression analysis with the parameters of cardiac function corrected for nuchal 
translucency multiples of the median (NTMoM).

 Effect of sex adjusted  Effect of sex adjusted for
 for gestational age  gestatational age + NTMoM
Cardiac ß for sex  (95% CI) P ß for sex  (95% CI) P
Function

TV E 0.357  (1.641; 2.356) 0.725 0.194 (-1.793; 2.181) 0.848
TV A 0.222 (-2.420; 2.865) 0.868 0.131 (-2.513; 2.774) 0.922
TV E/A 0.008 (-0.021; 0.037) 0.584 0.130 (-2.513; 2.774) 0.922
TV E/TVI 0.684 (0.149; 1.218)† 0.013‡ 0.689 (0.143; 1.213) 0.013‡
RV MPI 0.014 (-0.033; 0.061)† 0.553 0.014 (-0.033; 0.061) 0.558
MV E 1.025 (-0.868; 2.919) 0.287 0.934 (-0.968; 2.837) 0.334
MV A 1.128 (-1.461; 3.717) 0.427 1.052 (-1.551; 3.654) 0.427
MV E/A 0.011 (-0.020; 0.043) 0.520 0.010 (-0.021; 0.042) 0.520
MV E/TVI 0.517 (-0.023; 1.057)† 0.060 0.467 (-0.025; 0.961) 0.063
LV MPI* -0.003 (-0.038; 0.032) 0.882 -0.003 (-0.356; 0.035) 0.986
10log P Vel* 0.010 (-0.017; 0.036) 0.462 0.0068 (-0.019; 0.033) 0.609
P AT -3.666 (-6.354; -0.976) 0.008‡ -3.656 (-6.362 -0.950) 0.008‡
ln RV SV* -0.0258 (-0.180; 0.129) 0.742 -0.039 (-0.192; 0.114) 0.615
10log RV CO* -0.019 (-0.083; 0.454) 0.568 -0.025 (-0.089; 0.039) 0.045‡
10log Ao Vel* 0.004 (-0.027; 0.035) 0.797 0.004 (-0.027; 0.035) 0.801
Ao AT 0.102 (-2.726; 2.929) 0.944 0.020 (-2.812; 2.855) 0.989
ln LV SV* -0.096 (-0.277; 0.085) 0.297 -0.096 (-0.278; 0.086) 0.299
10log LV CO* -0.0458 (-0.120; 0.028) 0.224 -0.046 (-0.120; 0.028) 0.224

A, peak A wave velocity; Ao, aortic; AT, acceleration time; CO, cardiac output; E, peak E wave velocity; LV, left 
ventricle; MPI, myocardial performance index; MV, mitral valve; P, pulmonary; RV, right ventricle; SV, stroke volume; 
TV, tricuspid valve; TVI, time velocity integral, Vel=velocity, ‡p<0.05; *quadratic term included in model, p<0.0001; 
†=β for gestational age p valve was <0.0001 for all parameters except those marked with †; for TV E/TVI p=0.001; for 
TV MPI p=0.17 and MV E/TVI p=0.005. 
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pulmonary valve AT and TV E/TVI per gender and per NT MoM at 11-15, 18-22 and 28-35 weeks’ 

gestation. 

The results of the longitudinal observations of the 31 fetuses that had at least three examinations (one 

per trimester) are presented in Figure 3.

No other significant differences in the measured parameters of cardiac function were found. For left 

ventricular MPI, 10 log pulmonary valve peak velocity, ln right ventricular SV, 10log right ventricular 

CO, 10log aortic peak velocity, ln left ventricular SV and 10log left ventricular CO a quadratic term for 

age improved the model.

Figure 1. The relationship 
between A: Pulmonary Accel-
eration Time (PAT) (ms) and 
B: Tricuspid Valve E/TVI and 
gestational age (weeks). 
E, peak E wave velocity;  PAT, 
Pulmonary Valve acceleration 
time (ms); TV, Tricuspid valve; 
TVI, Time velocity integral.
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Discussion

In this study we found that, irrespective of NT measurement, female fetuses have a significantly 

increased tricuspid valve E/TVI and a significantly decreased pulmonary valve AT throughout 

gestation. No significant differences were found between the sexes in the other measured parameters 

of cardiac function. 

The fetuses studied were referred owing to an enlarged NT or other risk factors, but were subsequently 

shown to have a normal heart and normal karyotype or phenotype. The exclusion of chromosomally 

Figure 2. The relationship 
between A: Pulmonary Accele-
ration Time (AT) (ms) and B: 
Tricuspid Valve E/TVI and NT 
MoM at different gestational 
ages stratified for gender. 
AT, Acceleration time (ms); E, 
peak E wave velocity; MoM, 
multiples of the median;  NT, 
nuchal translucency; TVI, 
Time velocity integral.
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abnormal cases leaves a majority of male fetuses with NT measurements in the lower range of 

enlargement (median 3.1mm). The population studied therefore represents a selected population 

of high-risk fetuses and thus extrapolation of these results to female fetuses in general may not be 

valid. The poor reproducibility of Doppler measurements of fetal cardiac function, especially in early 

gestation, is another limitation of the clinical application of these measurements (Simpson and Cook, 

2002; Raboisson et al., 2003; Hernandez-Andrade et al., 2005; Clur et al., 2010). 

Caution is also required in the interpretation of the clinical/ hemodynamic significance of our findings 

as knowledge of cardiac function in early gestation is still growing and the interpretation of Doppler 

Figure 3. The difference bet-
ween A: Pulmonary Accelerati-
on Time (ms) and B: Tricuspid 
Valve E/TVI in the 31 fetuses 
measured at least three times, at 
different gestational ages strati-
fied for gender.
E, peak E wave velocity; TVI, 
Time velocity integral
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indices of diastolic function can be challenging. The differentiation between severe diastolic dysfunction, 

(reduced compliance and relaxation), masked by pseudo-normalization, and improved relaxation can be 

difficult and Doppler flow velocity patterns are load-dependent, (Gardin 1989; Miki et al., 1991; Pacileo 

et al., 1994; St John Sutton and Wiegers, 2000). This is especially relevant in the first trimester fetus with 

less compliant immature ventricles burdened by increased pre- and afterload, due to rapidly increasing 

blood volume, still developing renal function and high placental resistance (Jauniaux et al., 1991; Zoppi 

et al., 2000; Mäkikallio et al., 2005).  We therefore also measured AV valve E/TVI ratio (peak filling rate 

normalized to SV), which is independent of heart rate and changes in cardiac output, and thus more 

representative of diastolic function, (Miki et al., 1991; Pacileo et al., 1994). 

The increased tricuspid valve E/TVI suggests better right ventricular relaxation in female fetuses. This 

supports the hypothesis of right ventricular diastolic function maturational delay in male fetuses. 

Whether this contributes to the male gender vulnerability and their relatively worse outcome, (Di 

Renzo et al., 2007), is unclear, but seems unlikely. It is also unlikely that a relatively reduced right 

ventricular relaxation in boys is responsible for their increased frequency of increased NTs, especially 

as it is in the marginal degrees of enlargement that male sex is predominant. This has led to the 

speculation that the overrepresentation of boys in the group of fetuses with mildly enlarged NT may 

be a consequence of larger size, rather than of a difference in cardiac function, (Timmerman et al., 

2009). 

The decreased pulmonary valve AT in females suggests a relatively increased right ventricular afterload 

(distal to the aortic isthmus) in female fetuses but no expected concomitant reduction in pulmonary 

valve peak velocity was found. A relationship between gender, fetal weight and feto-placental weight 

ratio has been described, (Misra et al., 2009). The larger fetal size in boys may result from a bigger 

placenta providing a larger feto-placental exchange surface. A relatively smaller placenta with less 

tertiary villi and a smaller feto-maternal exchange surface could then explain the relatively increased 

afterload in female fetuses and the relatively lower birth weights of girls, (Misra et al., 2009).  In 

contrast, despite the description of a significant negative relationship between umbilical artery 

pulsatility index (PI) and placental weight and birth weight, the umbilical artery PI was not found 

to be influenced by gender in another study, (Acharya et al.,2005), pointing against gender related 

differences in fetal afterload.  

In 2006 McKenna et al. provided indirect evidence that early fetal cardiovascular development may 

be independent of gender when they reported no significant difference between male and female fetal 

heart rate during the first trimester. Prefumo et al., (2003), studied 152 fetuses between 10 and 14 

weeks’ gestation in the setting of a screening program. They reported that the mean Z- score values of 

DVPIV, the S-wave and the time-averaged maximum velocity for veins (TAMXV) were significantly 

lower in male fetuses whereas the A-wave velocities were similar in both genders. They suggested 

that the early cardiovascular development may be different in male and female fetuses. In a larger 

study (n=932), Teixeira et al., (2008), were unable to verify the findings of Prefumo et al., (2003), 
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however. They found no statistically significant difference in the S-wave, D-wave, A-wave, PIV, peak 

velocity index for veins or TAMXV between the sexes. In keeping with these authors we did not find 

a significant difference in DVPIV between the sexes. This supports the speculation that DV flow 

abnormalities in fetuses with an enlarged NT are not the result of diastolic cardiac dysfunction, but 

rather a hemodynamic response, to preserve cerebral and coronary flow, elicited by another temporary 

insult, possibly hypoxia, (Clur et al., 2010).  

In conclusion the tricuspid valve E/TVI was found to be significantly increased while the pulmonary 

valve acceleration time was significantly reduced in female fetuses between 11-35 weeks’ gestation 

compared to males in this high-risk cohort. These findings suggest better right ventricular relaxation 

and increased right ventricular afterload in these female fetuses compared to the males, fitting with the 

hypothesis of differential cardiovascular development between the sexes. Further studies are required, 

also in low-risk fetuses, to confirm these findings. 
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