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Abstract

We evaluated differences in growth between fetuses with and without congenital heart disease 

(CHD) and tested associations between growth and early childhood neurodevelopment (ND). In 

this prospective cohort study, fetuses with hypoplastic left heart syndrome (HLHS), transposition 

of the great arteries (TGA), and tetralogy of Fallot (TOF) and controls had biparietal diameter 

(BPD), head (HC) and abdominal circumference (AC), femur length (FL), and estimated fetal 

weight (EFW) recorded serially during pregnancy at 18and controls were assessed using–26 weeks 

GA (F1), at 27–33 weeks GA (F2), and at 34–40 weeks GA (F3). CHD subjects underwent Bayley 

Scales of Infant Development-III ND testing at 18 months. Differences between CHD fetuses and 

controls were assessed using t tests and generalized linear modeling. Correlations between 

biometry and ND informed regression modeling. We enrolled 41 controls and 68 fetuses with 

CHD (N = 24 HLHS, N = 21 TGA, N = 23 TOF), 46 of whom had ND scores available. At 18–26 

weeks, CHD fetuses were smaller than controls in all biometric parameters. Differences in growth 

rates were observed for HC, BPD, and AC, but not for FL or EFW. Cognitive score correlated with 

HC/AC at F2 (r = −0.33, P = 0.04) and mean HC/AC across gestation (r = −0.35, P = 0.03). 

Language correlated with FL/BPD at F2 (r = 0.34, P = 0.04). In stepwise linear regression, mean 

HC/AC predicted Cognition (B = −102, P = 0.026, R2 = 0.13) and FL/BPD at F2 predicted 
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Language score (B = 127, P = 0.03, R2 = 0.12). Differences in growth between CHD fetuses and 

controls can be measured early in pregnancy. In CHD fetuses, larger abdominal relative to head 

circumference is associated with better 18-month neurodevelopment.
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Introduction

Children with congenital heart disease (CHD) are at risk for neurodevelopmental deficits [7]. 

Recent research suggests potential fetal contributors to neurocognitive development 

including correlations between abnormal fetal cerebrovascular resistance and 14- and 18-

month neurodevelopmental scores [17, 18]. CHD neonates are known to be small for 

gestational age, and CHD fetuses have been shown in cross-sectional analyses to be smaller 

than controls [10, 11]. Furthermore, smaller head circumference, lower birth weight, as well 

as decreased growth in the first year of life are associated with poor neurodevelopment [12, 

13, 15]. How CHD affects serial growth of the fetus throughout pregnancy and whether fetal 

growth impacts neurodevelopment is not as well understood. We hypothesized that 

differences in growth between CHD and non-CHD subjects begin in fetal life and that fetal 

growth measures, specifically fetal head circumference and weight, would predict postnatal 

neurodevelopment. We aimed: (1) to evaluate differences in fetal growth rates between 

fetuses with and without CHD and (2) to investigate associations between fetal growth and 

early childhood neurodevelopmental outcome. This is the first study to report on serial 

growth measurements in CHD fetuses and to investigate whether differences in growth over 

time impact neurodevelopment.

Methods

This was a prospective, observational cohort study of fetuses with and without CHD, the aim 

of which was to investigate early markers of neurodevelopmental outcome. Columbia 

University IRB approval was obtained, and all pregnant women provided written consent 

prior to study enrollment. Fetuses with hypoplastic left heart syndrome (HLHS), d-

transposition of the great arteries (TGA), and tetralogy of Fallot (TOF) at <26 weeks 

gestational age (GA) were enrolled following fetal echocardiography. Normal controls were 

recruited via posted advertisements throughout the medical center and underwent a complete 

fetal echocardiogram to ensure normal cardiac anatomy prior to enrollment. Serial biometry 

assessments were collected three times during pregnancy: at 18–26 weeks GA (F1), at 27–33 

weeks GA (F2), and at 34–40 weeks GA (F3). These GA periods were selected to coincide 

with the timing of regularly scheduled appointments for the CHD patients to minimize the 

inconvenience of travel to the study center. All measurements were taken by trained obstetric 

sonographers. Head circumference (HC), biparietal diameter (BPD), abdominal girth (AG), 

and femur length (FL) were recorded and transformed into GA-based percentiles [5]. 

Estimated fetal weight (EFW) was calculated using Hadlock’s formula [6]. Rates of change 

over time as well as standard biometry ratios FL/AC, HC/AC, and FL/BPD ratios were 
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calculated. Neonatal parameters including birth weight, length, and head circumference were 

collected and transformed into z-scores using WHO standards, and predictors of neonatal 

measurements were investigated [1]. Information about maternal diabetes and genetic testing 

was collected. Subjects with CHD returned at 18 months of age to undergo 

neurodevelopmental assessment with a trained psychologist using the Bayley Scales of 

Infant Development, Third edition (BSID-III). The BSID-III provides three summary scores: 

Cognitive, Language, and Motor. These scores carry a population mean and standard 

deviation of 100 ± 15.

Statistics

Differences in biometry measures between CHD and controls were assessed using Student’s 

t tests. Growth rates over time for individual subjects were calculated and compared between 

groups. Generalized linear modeling evaluated changes in biometry measures over time 

between groups using paired analysis techniques. Differences between CHD diagnosis 

subgroups were tested using analysis of variance. Associations between fetal biometry and 

neonatal measurements were tested initially with Pearson’s correlation coefficient followed 

by linear regression models. Correlations between biometry measures and BSID-III scores 

were performed using the Pearson’s correlation coefficient. Variables with correlations 

significant at ≤ 0.1 were entered into multivariable stepwise regression models with 18-

month Cognition, Language, and Motor scores serving as the dependent variables. We also 

used factor analysis to assess collinearity among variables and to reduce the number of 

predictors used in regression modeling as an additional method to identify predictors of 

neurodevelopmental outcome.

Results

From November 2010 through November 2012, we enrolled 41 controls and 68 fetuses with 

CHD, of whom 24 had HLHS, 21 had TGA, and 23 had TOF. Genetic testing revealed one 

CHD patient with Noonan syndrome and one CHD patient with a 164-Kb deletion at 3q21.1 

who had an unusual cardiac phenotype of HLHS with truncus arteriosus and did not survive 

the neonatal period. Both individuals were removed from all analyses, leaving 66 CHD 

fetuses and 41 controls.

Of the 66 CHD fetuses, 46 (70 %) completed neurodevelopmental testing at a mean age of 

18.8 ± 0.6 months. Mean Cognition score was 95 ± 12, mean Language score was 87 ± 15, 

and mean Motor score was 91 ± 13. These scores, though within 1SD of the normal 

population mean of 100 ± 15, were all statistically significantly lower than normal (P = 

0.002 for Cognition score, P < 0.001 for Language and Motor scores).

Baseline Differences

At F1, 18–26 weeks GA, CHD fetuses demonstrated smaller biometry percentiles compared 

with controls (Table 1). At F2, 27–33 weeks GA, AC was statistically smaller among the 

CHD group. At F3, 34–40 weeks GA, BPD, HC, AC, and EFW percentiles were smaller 

among the CHD group. Though FL/AC at 27–33 weeks and FL/BPD at 18–26 weeks 

differed statically by groups, the differences were small and unlikely to be of clinical 
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significance. There was no significant difference in HC/AC ratio between groups at any GA 

period.

The proportion of subjects with biometry parameters <10th percentile was small and were 

primarily seen in the CHD subgroup. Differences between groups were only seen for HC at 

F2 (1.5 vs 0 %, P = 0.04) and F3 (14.7 vs. 0 %, P = 0.01) and FL at F3 (10.2 vs. 0 %, P = 

0.04).

Growth Rate Differences

Differences in growth rates between CHD and control fetuses were observed for HC, AC, 

and BPD (Table 2). In paired analyses, differences between growth rates from time F1 to F2 

and from time F2 to F3 were seen for HC, BPD, FL, and EFW, but not for AC in both CHD 

and control subjects (Table 3). In order to control for the change over time that occurs in 

non-CHD fetuses, we created multivariable models to investigate both baseline biometry 

percentile and CHD status as predictors of growth rates. In these models, a diagnosis CHD 

was the only predictor for HC (B = −0.12, P < 0.001, R2 = 0.21), BPD (B = −0.02, P = 0.01, 

R2 = 0.09), and AC (B = −0.07, P = 0.01, R2 = 0.08) growth rates over time. Neither CHD 

status nor baseline FL percentile predicted FL growth rate. EFW baseline percentile was the 

only variable that predicted EFW change over time (B = 0.5, P < 0.001, R2 = 0.17).

Generalized linear modeling showed differences over time in biometry measures for HC (P 
< 0.001) (Fig. 1) and BPD (P = 0.015) between CHD and controls.

CHD Subgroup Analyses

Differences were seen between CHD subgroups for EFW at 18–26 weeks (Table 4). At 27–

33 weeks, differences were seen for BPD, HC, EFW, and HC/AC. At 34–40 weeks, 

differences between CHD subgroups were only seen for HC. In all cases except for HC/AC, 

the TOF subgroup was the smallest. Differences in mean values over time were observed for 

HC, BPD, AC, EFW, as well as HC/AC and FL/BPD (data not shown). Differences in 

change over time were only seen for BPD for F1 to F2 with the TOF subgroup again 

showing the smallest increase (Table 5).

Associations with Neonatal Biometrics

Among the 66 CHD and 41 controls included in fetal analyses, birth measurements were 

available for 63 (93 %) CHD and 30 (73 %) controls. Missing data were due to birth outside 

our institution. There was no difference in gestational age at birth between CHD (38.6 ± 1.4 

weeks) and controls (38.9 ± 1.4 weeks, P = 0.2). Differences between CHD and control 

newborns were seen for birth length and head circumference, but the magnitude of 

difference was small (Table 6). Low birth weight, defined as birth weight ≤ 2500 grams, 

occurred in 7 subjects, 6 of whom had CHD. Due to the small prevalence of low birth weight 

in our study, there was no statistical difference between groups.

Fetal biometry values at all gestational age periods were highly correlated with neonatal 

measurements for the entire cohort as well as CHD and control groups separately. Due to the 

large number of available fetal variables, factor analysis was used to reduce the number of 
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possible predictors in regression models. Fetal biometric factors remained significant 

predictors of birth weight, length, and head circumference, whereas assignment of a CHD 

diagnosis did not. A diagnosis of gestational diabetes (N = 4) also did not remain as a 

significant factor.

Associations with Neurodevelopmental Outcome

Fetal biometry variables that correlated with Cognitive score included AC at F1 (r = 0.32, P 
= 0.049), HC/AC at F1 (r = −0.39, P = 0.02), and mean HC/AC (r = −0.4, P = 0.007) (Fig. 

2). Language score correlated significantly with FL/BPD at F2 (r = 0.32, P = 0.037) and 

mean HC/AC (r = −0.3, P = 0.045). Motor score was not correlated with any biometry 

variables. Neither biometry growth rates nor newborn parameters correlated with 18-month 

neurodevelopmental scores.

Multivariable Regression

When we added variables that correlated with scores at the 0.1 level or lower to a 

multivariable model predicting Cognitive score, only HC/AC at 18–26 weeks remained an 

independent predictor (B = −83, P = 0.01, R2 = 0.16). Language score was predicted by 

FL/BPD at F2, 27 to 33 weeks (B = 129, P = 0.03, R2 = 0.11).

Factor Analysis

We identified four factors that cumulatively accounted for 62 % of the variance among all 

biometry variables. The variables that comprised the four factors along with their loading 

values are listed in Table 7. Only factor 2, which contained mean HC/AC as well as HC/AC 

at F1, F2, and F3, mean HC, and AC at F2 and F3, correlated with Cognitive (r = 0.4, P = 

0.01) and Language (r = 0.3, P = 0.03) scores. When added to regression models, factor 2, 

the head and abdominal circumference factor, predicted Cognition (B = 5.2, P = 0.01, R2 = 

0.14) and Language (B = 5.2, P = 0.01, R2 = 0.14). We added the top three loading variables 

for factor 2 to regression models predicting Cognitive and Language score. Mean HC/AC 

remained the only independent predictor of Cognitive score (B = −145, P = 0.004, R2 = 

0.19) and Language score (B = −147, P = 0.03, R2 = 0.1).

Discussion

In this prospective cohort study, we demonstrated that as early as 18–26 weeks gestation, 

differences are observed between CHD and control fetuses using standard ultrasound 

biometry. Using serial fetal growth measurements over time within individual subjects, we 

also demonstrated that CHD fetuses display lower growth rates compared with controls, 

most noticeably for head circumference. Ours is the first study to show differences in fetal 

growth rates throughout pregnancy.

Levy et al. [9] reported lower birth weights among CHD infants compared with the 

population mean. Why fetal growth is impaired in the setting of CHD remains speculative. 

Unmeasurable genetic or environmental factors that cause CHD may also influence growth 

during and after pregnancy. It is also possible that the cardiac defect itself impacts growth, 

perhaps through altered fetal hemodynamics and impaired oxygen and substrate delivery. 
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Recently, Masoller et al. [11], in a cross-sectional study of CHD fetuses 20–23.5 weeks GA, 

demonstrated lower middle cerebral artery pulsatility and cerebral-to-placental resistance 

along with smaller HC and BPD; however, a direct association between the two findings was 

not reported. Donofrio et al. [2] found that CHD fetuses with diminished cerebrovascular 

resistance had smaller head circumferences than expected, though this relationship was 

dependent on fetal weight. Further investigation is needed to understand the potential and 

likely complex interplay between fetal blood flow and growth.

We also found that fetal growth rates differ by CHD diagnosis, with the TOF subgroup 

demonstrating lower head and EFW growth rates than HLHS or TGA. In 1988, Khoury et al. 

[8] reported that newborns with TOF had a higher relative risk of intrauterine growth 

retardation compared with HLHS and TGA. We did not see a difference between TGA and 

HLHS fetuses, though this may be secondary to sample size constraints. Why the TOF 

subgroup measures smaller than others is unclear. All CHD fetuses included in this analysis 

underwent standard clinical genetic testing, which in most cases consisted of microarray 

analyses. Therefore, genetic syndromes, to the best of current detection, can be eliminated as 

a cause. Future studies including larger numbers of subjects within pre-specified cardiac 

subgroups will be necessary to address this issue. Additionally, we showed that while fetal 

growth appears to be affected by the presence of CHD, neonatal anthropometrics were more 

highly predicted by an individual’s fetal measurements than by a diagnosis of CHD itself.

Finally, we identified fetal biometric predictors of 18-month Cognitive and Language 

outcome using two different statistical approaches. Both approaches led us to a HC/AC ratio 

relationship to Cognition Score: HC/AC ratio inversely predicted outcome, meaning that a 

larger abdominal relative to head circumference was associated with a higher score, 

particularly when measured early in gestation. Using one approach, mean HC/AC also 

predicted Language score with the same inverse relationship. We also found that FL/BPD 

ratio at mid-gestation predicted Language, where a larger femur length relative to biparietal 

diameter predicted higher score. This is the first study to identify standard measures of fetal 

biometry collected during routine growth scans as predictors of neurodevelopment in the 

CHD population.

We were unable to identify any significant predictors of motor functioning. In CHD studies 

that use the Bayley Scales of Infant Development-Second edition, motor function, measured 

by the Psychomotor Developmental Index, is often more severely impaired than Cognitive 

development, measured by the Mental Developmental Index [13, 15]. While our study also 

demonstrated a mean Motor score below the Cognitive score, Language score, previously 

unavailable until the Third Edition of the Bayley, was the lowest. It is possible that the less 

notable impairment of the motor domain in our cohort relates to the different instrument 

used to measure neurodevelopment. The lesser degree of motor impairment may have 

impacted our ability to detect predictors of outcome, though we were able to identify 

predictors of Cognitive outcome despite an even more normal score. We feel it is more likely 

that fetal growth has less of an impact on motor development than on Cognitive or Language 

development. Larger study sizes are needed to pursue this hypothesis.
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van Batenburg-Eddes et al. [16], reporting on the Generation R Study, a population-based 

sample from the Netherlands, found that higher HC/AC ratio, along with lower AC and 

EFW, predicted impaired infant neuromotor development, whereas HC alone did not. The 

association between HC/AC and neurodevelopment was independent of neonatal 

anthropometrics and whether the ratio was measured in mid- or late-pregnancy and was not 

affected by the presence of intra-uterine growth restriction, or maternal hypertension, 

diabetes, or preeclampsia. The authors concluded that fetal size and body symmetry were 

important for ultimate brain development, more so than the HC alone. Similarly, in our study 

of subjects with CHD, it is possible that the inverse relationship between the HC/AC and 

Cognitive and Language outcomes reflects the importance of overall growth of the fetus as 

opposed to growth of the head alone.

We did not see a direct association between head size at any time in pregnancy, or in the 

neonatal period, and neurologic function. Owen et al. [14] described associations between 

reduced gray matter volume on MRI in infants with CHD and newborn neurobehavioral 

assessment; however, longer-term follow-up is not yet reported in this cohort. Matos et al. 

[12] evaluated the neurocognitive performance of 77 CHD adolescents and found a positive 

correlation between Cognitive score and neonatal HC; however, the presence of cyanosis 

was the main predictor of later development. Fetal ultrasound has been shown to 

underestimate reductions in brain volumes detected by MRI [4], and it is possible that 

ultrasound measurement of HC and BPD may not be sensitive enough to detect diminished 

neuronal cell division.

Our study is limited by sample size and the single-center design. Notably, return rate for 

multiple testing was lower among controls than among CHD fetuses, presumably due to 

differences in maternal motivation. Measurements of fetal biometry and estimation of fetal 

weight are subject to error [3], yet both CHD and control fetuses faced this risk equally. Not 

all controls subjects delivered at our institution; therefore, birth weight was not always 

available. Due to cost constraints, neurodevelopmental testing was not performed in 

controls. Rather, developmental test scores of CHD subjects were compared with the normal 

population. Finally, not all CHD subjects obtained 18-month neurodevelopmental testing as 

some died and were lost to follow-up, though there was no statically significant difference in 

biometry measures between subjects who did and did not undergo Bayley assessment.

Nonetheless, our longitudinal prospective study is the only one to date to demonstrate that 

growth diminishes among CHD fetuses throughout pregnancy. Furthermore, we identified an 

easily measured fetal biometric parameter, the HC-to-AC ratio, which may be related to 18-

month Cognitive and Language outcome. Fetal predictors of ND would inform more precise 

prognostication for parents and providers and would allow early intervention services to be 

provided within the crucial first years of life to those who need it most. Larger, multi-center 

prospective studies are needed to confirm these findings.
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Fig. 1. 
Graphical output of generalized linear modeling of change in head circumference over time 

by CHD versus Control. The difference in change over time is significant at P < 0.001
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Fig. 2. 
Correlation between mean head-to-abdominal circumference (HC/AC) ratio over time and 

18-month Cognition score. As abdominal circumference increases relative to head 

circumference, Cognitive score increases
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Table 1

Differences in biometry percentiles between congenital heart disease (CHD) and control subjects at 18–26 

weeks, 27–33 weeks, and 34–40 weeks gestational age (GA)

Biometric
percentile

18–26 wks P 27–33 wks P 34–40 wks P

CHD Control CHD Control CHD Control

GA (weeks) 23.6 ± 2
 (N = 55)

21.0 ± 1.7
 (N = 39)

<0.001 30.6 ± 1.6
 (N = 60)

30 ± 1.7
 (N = 16)

NS 36.4 ± 1
 (N = 60)

36.3 ± 1.8
 (N = 23)

NS

BPD
 (percentile)

43 ± 21
 (N = 55)

54 ± 18
 (N = 39)

0.008 48 ± 24
 (N = 60)

52 ± 18
 (N = 16)

NS 41 ± 24
 (N = 60)

56 ± 22
 (N = 23)

0.013

HC
 (percentile)

39 ± 17
 (N = 55)

48 ± 15
 (N = 39)

0.01 45 ± 23
 (N = 60)

50 ± 15
 (N = 16)

NS 34 ± 21
 (N = 60)

55 ± 22
 (N = 23)

<0.001

AC
 (percentile)

47 ± 17
 (N = 55)

55 ± 15
 (N = 39)

0.036 48 ± 19
 (N = 60)

60 ± 23
 (N = 16)

0.031 54 ± 25
 (N = 60)

67 ± 22
 (N = 23)

0.032

FL
 (percentile)

42 ± 16
 (N = 55)

49 ± 15
 (N = 39)

0.046 42 ± 17
 (N = 60)

44 ± 20
 (N = 16)

NS 41 ± 22
 (N = 60)

49 ± 23
 (N = 23)

NS

EFW
 (percentile)

48 ± 20
 (N = 55)

57 ± 23
 (N = 39)

0.042 47 ± 17
 (N = 60)

56 ± 17
 (N = 16)

NS 49 ± 18
 (N = 60)

60 ± 20
 (N = 23)

0.017

HC/AC 1.13 ± 0.05
 (N = 55)

1.15 ± 0.05
 (N = 39)

NS 1.08 ± 0.05
 (N = 60)

1.06 ± 0.06
 (N = 16)

NS 1.00 ± 0.04
 (N = 60)

1.00 ± 0.06
 (N = 23)

NS

FL/AC 0.22 ± 0.01
 (N = 55)

0.22 ± 0.01
 (N = 39)

NS 0.22 ± 0.01
 (N = 60)

0.21 ± 0.01
 (N = 16)

0.034 0.22 ± 0.01
 (N = 60)

0.21 ± 0.01
 (N = 23)

NS

FL/BPD 0.73 ± 0.04
 (N = 55)

0.71 ± 0.06
 (N = 39)

0.04 0.75 ± 0.04
 (N = 60)

0.76 ± 0.04
 (N = 16)

NS 0.79 ± 0.04
 (N = 60)

0.79 ± 0.04
 (N = 23)

NS

BPD biparietal diameter, HC head circumference, AC abdominal circumference, FL femur length, EFW estimated fetal weight, HC/AC head-to-
abdominal circumference ratio, FL/AC femur length-to-abdominal circumference ratio, FL/BPD femur length-to-biparietal diameter ratio, NS 
nonsignificant
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Table 2

Differences in biometry growth rates between congenital heart disease (CHD) and control fetuses from F1 to 

F2, F2 to F3, and from F1 to F3

Growth
rates

Change from F1 to F2 P Change from F2 to F3 P Change from F1 to F3 P

CHD Control CHD Control CHD Control

ΔBPD
 (cm/wk)

0.29 ± 0.04
 (N = 57)

0.29 ± 0.03
 (N = 18)

NS 0.19 ± 0.04
 (N = 60)

0.24 ± 0.07
 (N = 14)

0.03 0.24 ± 0.03
 (N = 55)

0.26 ± 0.03
 (N = 23)

0.01

ΔHC (cm/
 wk)

1.02 ± 0.16
 (N = 57)

1.09 ± 0.08
 (N = 18)

0.03 0.61 ± 0.18
 (N = 60)

0.79 ± 0.22
 (N = 14)

0.002 0.82 ± 0.11
 (N = 55)

0.94 ± 0.10
 (N = 23)

<0.001

ΔAC (cm/
 wk)

1.05 ± 0.19
 (N = 57)

1.17 ± 0.15
 (N = 18)

0.02 1.01 ± 0.25
 (N = 60)

1.08 ± 0.22
 (N = 14)

NS 1.03 ± 0.11
 (N = 55)

1.10 ± 0.11
 (N = 23)

0.01

ΔFL (cm/
 wk)

0.23 ± 0.04
 (N = 57)

0.25 ± 0.03
 (N = 18)

NS 0.20 ± 0.05
 (N = 60)

0.20 ± 0.04
 (N = 14)

NS 0.22 ± 0.03
 (N = 55)

0.23 ± 0.02
 (N = 23)

NS

ΔEFW
 (gm/wk)

141 ± 28
 (N = 57)

142 ± 35
 (N = 18)

NS 211 ± 51
 (N = 60)

240 ± 43
 (N = 14)

0.05 172 ± 26
 (N = 55)

174 ± 29
 (N = 23)

NS

F1 = 18–26 weeks, F2 = 27–33 weeks, and F3 = 34–40 weeks

cm centimeter, wk weeks, BPD biparietal diameter, HC head circumference, AC abdominal circumference, FL femur length, EFW estimated fetal 
weight, HC/AC head-to-abdominal circumference ratio, FL/AC = femur length-to-abdominal circumference ratio, FL/BPD femur length-to-
biparietal diameter ratio, NS nonsignificant
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Table 3

Paired t test analyses showing differences in growth rates from F1 to F2 and from F2 to F3 for CHD and 

control fetuses

Growth Rates Change from P

F1 to F2 F2 to F3

CHD ΔBPD (N = 55) (cm/wk) 0.28 ± 0.04 0.2 ± 0.05 <0.001

Control ΔBPD (N = 14) (cm/wk) 0.29 ± 0.03 0.24 ± 0.07 0.04

CHD ΔHC (N = 55) (cm/wk) 1.02 ± 0.16 0.61 ± 0.18 <0.001

Control ΔHC (N = 14) (cm/wk) 1.07 ± 0.09 0.8 ± 0.22 <0.001

CHD ΔAC (N = 55) (cm/wk) 1.04 ± 0.19 1.01 ± 0.25 NS

Control ΔAC (N = 14) (cm/wk) 1.07 ± 0.09 1.08 ± 0.22 NS

CHD ΔFL (N = 55) (cm/wk) 0.23 ± 0.04 0.2 ± 0.06 0.006

Control ΔFL (N = 14) (cm/wk) 0.24 ± 0.03 0.2 ± 0.04 0.02

CHD ΔEFW (N = 55) (gm/wk) 139 ± 27 210 ± 51 <0.001

Control ΔEFW (N = 14) (gm/wk) 144 ± 39 240 ± 43 <0.001

Differences for both groups are seen for all parameters except abdominal circumference

F1 = 18–26 weeks, F2 = 27–33 weeks, and F3 = 34–40 weeks

cm centimeter, wk weeks, BPD biparietal diameter, HC head circumference, AC abdominal circumference, FL femur length, EFW estimated fetal 
weight, NS nonsignificant
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Table 6

Differences between CHD versus controls for neonatal measurements

Congenital heart disease N Mean Standard deviation P value

Birth weight (g)

 YES 63 3208 572 0.4

 No 30 3306 406

Birth length (cm)

 YES 63 49.7 2.9 0.05*

 No 30 50.8 2.1

Head circumference (cm)

 YES 63 33.6 1.9 0.04*

 No 30 34.3 1.1

Weight for age z-score

 YES 63 −0.26 1.18 0.3

 No 30 0.02 0.9

Length for age z-score

 YES 63 0.04 1.5 0.04*

 No 30 0.68 1.13

Head circumference for age z-score

 YES 63 −0.51 1.46 0.016*

 No 30 0.11 0.95

Weight for age percentile

 YES 63 45.6 30.4 0.5

 No 30 50 26.4

Length for age percentile

 YES 63 52.7 33.6 0.016*

 No 30 68.7 26.9

Head circumference for age percentile

 YES 63 39.4 33.3 0.06

 No 30 52.9 30.1

Gestational age at birth

 YES 63 38.6 1.4 0.2

 No 30 38.9 1.4

*
Statistical significance
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Table 7

All biometric variables were entered into the factor analysis

Factor 1 Factor 2 Factor 3 Factor 4

Variable Loading
value

Variable Loading
value

Variable Loading
value

Variable Loading
value

Mean
 BPD

0.935 Mean HC/AC −0.801 Mean FL 0.789 Change in HC between F3
 and F1

0.766

Mean
 HC

0.874 Mean HC 0.762 FL at F3 0.775 Change in HC between F3
 and F2

0.750

BPD at
 F2

0.872 AC at F3 0.758 FL/BPD at
 F3

0.770 Change in FL between F3
 and F1

0.654

HC at F2 0.844 HC/AC at F3 −0.725 Mean
 FL/AC

0.715 Change in BPD between F3
 and F1

0.634

HC at F1 0.804 AC at F2 0.705 Mean
 FL/BPD

0.660 Change in EFW between F3
 and F2

0.631

BPD at
 F3

0.802 HC/AC at F2 −0.670 FL at F2 0.651

BPD at
 F1

0.792 HC/AC at F1 −0.663 FL/AC at
 F3

0.608

EFW at
 F2

0.769 Change in EFW between F3
 and F1

0.644

Mean
 EFW

0.753 EFW at F3 0.603

EFW at
 F1

0.721

HC at F3 0.647

Variables were grouped into 4 factors based on collinearity. The 4 factors with their composite variables and loading values, or contributions to the 
factor, are demonstrated

F1 = 18–26 weeks, F2 = 27–33 weeks, and F3 = 34–40 weeks

cm centimeter, wk weeks, BPD biparietal diameter, HC head circumference, AC abdominal circumference, FL femur length, EFW estimated fetal 
weight, HC/AC head-to-abdominal circumference ratio, FL/AC femur length-to-abdominal circumference ratio, FL/BPD femur length-to-biparietal 
diameter ratio
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