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Abstract
Introduction: Objectives were to analyze changes in fetal cephalic biometry and feto-
placental circulation throughout pregnancy in fetuses with congenital heart defects.
Material and methods: Prospective study conducted on three university tertiary 
referral hospitals. Fetuses with the diagnosis of isolated congenital heart defects 
attending between 2014 and 2018 were included. Congenital heart defects were di-
vided into two groups according to the oxygen supply to the central nervous system: 
group I (expected low placental blood content and low oxygen delivery to the brain) 
and group II (expected intermediate and high placental blood content). Fetal biometry 
and Doppler parameters were collected between 25–30 weeks of gestation and 34–
40 weeks of gestation and transformed into Z scores. The results were compared with 
healthy controls. Finally, general linear modeling was performed to analyze repeated 
measurements.
Results: In all, 71 fetuses met the inclusion criteria. Fetuses with congenital heart 
defects had significantly smaller head (biparietal diameter [p < 0.001], head circum-
ference [p = 0.001]) and abdominal circumference (p < 0.001), and lower estimated 
fetal weight (p < 0.001) than controls. When analyzing according to congenital heart 
defects type, head size was significantly smaller in group I compared with group II 
(p  =  0.04). Regarding Doppler parameters, fetuses with congenital heart defects 
showed higher umbilical artery pulsatility index (p < 0.001) and lower cerebroplacen-
tal ratio (p = 0.044) than controls. In group I, umbilical artery pulsatility index was 
above the 95th centile in 15.4% of fetuses compared with 6.7% in group II and 1.9% 
in controls (p < 0.001); moreover, middle cerebral artery pulsatility index was below 
the 5th centile in 5.4% of group I fetuses compared with 0% in group II and 1.2% in 
controls (p = 0.011). General linear model for two measurements showed significant 
longitudinal changes in biometric parameters. Growth rate of fetal head through preg-
nancy (head circumference Z score) was lower in fetuses with congenital heart defects 
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1  |  INTRODUC TION

Congenital heart defects (CHD) are the most common congenital 
anomalies, affecting about of 0.8% of all live births. Despite all of 
the improvements in prenatal diagnosis, neonatal care, and surgi-
cal procedures, CHD remain as the leading cause of infant death 
secondary to birth defects. Half of them will require immediate 
neonatal surgery, and although currently the overall survival of 
children with CHD undergoing cardiac surgery is 80%–90%,1 
nearly 50% will show alterations in some neurodevelopmental 
areas.1 2

Traditionally, neurodevelopmental delay in patients with CHD 
was attributed to brain injury during cardiac surgery. However, 
recent studies have reported neonatal/fetal brain lesions by neu-
roimaging, and reduced brain size in the newborn before cardiac 
surgery, and even in those patients who did not undergo such in-
tervention.3,4 The mechanism of brain injury in CHD is not fully 
understood, although there are several theories. One of them 
hypothesizes that the cardiac defect could lead to circulatory 
alterations, low cerebral blood flow, and subsequently low oxy-
gen and nutrients supply, leading to a disruption in normal brain 
development.4 Supporting this mechanism, several reports have 
described that fetuses with CHD show reduced fetal head circum-
ference (HC), since the second trimester5 and signs of cerebro-
vascular self-regulation comparable to those presented by fetuses 
with intrauterine growth restriction,6 that is a decrease in the pul-
satility index (PI) of the middle cerebral artery (MCA), an increase 
in the PI of the umbilical artery (UA) and a decrease in the cere-
broplacental ratio (CPR).7

It is also known that the association between CHD and alter-
ations in fetal growth (above all, head growth) and in Doppler flow 
patterns depends on the type of the heart defect. Since the de-
mand of oxygen and nutrients increases with gestational age (GA), 
longitudinal analysis of these changes might reveal interesting 
information.7,8

The aim of this study was first to analyze fetal biometry and 
Doppler blood flow patterns in fetuses with isolated CHD through-
out gestation compared with healthy fetuses; second, to investigate 
these changes depending on the type of CHD classified according to 
the oxygen supply to the fetal brain.

2  |  MATERIAL AND METHODS

2.1  |  Study population

This was part of a multicenter prospective clinical study of cases 
of CHD prenatally diagnosed in three tertiary hospitals in Spain: La 
Paz University Hospital, Madrid; Vall d'Hebron University Hospital, 
Barcelona, and 12 Octubre University Hospital, Madrid. The complete 
protocol was previously described.9 The study population included 
pregnant women referred to their respective fetal medicine units from 
January 2014 to January 2018. Local ethical approval to conduct the 
study was obtained from the ethics committees of the three hospitals. 
All patients gave written informed consent to participate.

Pregnant women at from 20 to 37 weeks of gestation with a 
fetus affected by a major CHD were included. Cases with associated 
arrhythmia, extracardiac malformation, chromosomal abnormalities 
(including microdeletion and microduplication syndromes), multi-
ple pregnancies, fetal anemia, or maternal age under 18 years were 
excluded.

Prenatal diagnosis of CHDs was ascertained by postnatal echo-
cardiography or at autopsy in the case of intrauterine or neonatal 
death. Cases with postnatally confirmed genetic disease were ex-
cluded from the analysis.

Maternal characteristics (age, ethnicity, body mass index, comor-
bidities, parity, method of conception), gestational age at delivery, 
type of delivery, sex, birthweight, birthweight centile, birth length, 
Apgar scores, and UA pH were recorded.

In order to assess the effect on brain development accord-
ing to the expected main patterns of placental (oxygenated and 

compared with controls (p = 0.043). In group I, the head circumference Z score longi-
tudinal decrease was significantly higher than in group II (p < 0.001).
Conclusions: Fetuses with congenital heart defects are at risk of smaller head size and 
Doppler changes. Growth rate of fetal head throughout pregnancy is also affected. 
These findings are mainly associated with cardiac defects with expected low oxygen 
supply to the central nervous system.

K E Y W O R D S

congenital heart disease, Doppler flow, fetal biometry, head size, longitudinal changes

Key message

Fetuses with congenital heart defects not only have 
smaller cephalic biometry but also less longitudinal ce-
phalic growth throughout pregnancy. Placental resistance 
is higher and cerebroplacental ratio is lower than in con-
trols. These changes are associated with any major cardiac 
defects.
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nutrient-rich) vs systemic (deoxygenated and nutrient-poor) mix of 
blood supply to the brain in different types of CHD, we stratified our 
fetuses into two groups10 (Table 1):

•	 Group I: CHD fetuses with low placental blood content and low oxy-
gen delivery to the the brain, due to severe left outflow tract obstruc-
tion (hypoplastic left heart syndrome; critical aortic stenosis; aortic 
arch defects, including cases of aortic hypoplasia and aortic coarcta-
tion with reverse flow through the aortic isthmus) and cases with the 
aorta blood flow coming from the right ventricle with a high propor-
tion of systemic blood (such as transposition of the great arteries).

•	 Group II: CHD fetuses with mixed placental and systemic blood 
delivered to the brain, due to the presence of the intracardiac 
shunts, including in this group the remaining CHD (septal defects, 
right CHD, conotruncal defects other than transposition of the 
great arteries, and complex CHD).

The control group comprised 3546 normal singleton pregnancies 
without chromosomal or congenital abnormalities with known out-
come obtained from our database.

2.2  |  Ultrasound assessment

Fetal anatomic scan, including echocardiography, was performed in 
late second/early third trimester (25–30 weeks of gestation) and in 
late third trimester (34–40 weeks of gestation); GA was assessed ac-
cording to crown–rump length measurement at the first trimester 
scan (11–13.6 weeks of pregnancy). Voluson E8 or E6 (GE Healthcare 

Technologies, Milwaukee, WI, USA), equipped with a 4D convex 
curved transducer were used.

Fetal biometric parameters included as routine and measured ac-
cording to the guidelines of the International Society of Ultrasound in 
Obstetrics and Gynecology, were biparietal diameter (BPD), HC, ab-
dominal circumference (AC) and femur length; estimated fetal weight 
(EFW) was calculated using the method of Hadlock et at.11 Doppler 
flow parameters included: UA-PI, MCA-PI, CPR, PI of ductus venous 
(DV), flow through the aortic isthmus (anterograde vs retrograde), 
and mean PI of the uterine arteries (UtA-PI). Doppler recordings were 
made in the absence of fetal movements and voluntarily suspended 
maternal breathing, and at least three consecutive waveforms were 
analyzed. The UA was evaluated in a free loop of the umbilical cord.12 
The fetal MCA was measured in a transverse view of the skull at the 
level of its origin (proximal third) from the circle of Willis.13 CPR was 
calculated by dividing MCA by UA-PI.13 The DV was evaluated in a 
midsagittal view of the fetus, peak systolic and diastolic velocities and 
velocity during atrial contraction were measured, and DV-PI was au-
tomatically calculated [(peak systolic velocity – atrial contraction ve-
locity)/ average mean velocity].14 UtA was evaluated with the probe 
placed on the lower quadrant of the abdomen, angled medially, with 
identification by color Doppler imaging of the apparent crossover 
with the external iliac artery; mean UtA-PI was calculated as the aver-
age PI of right and left arteries.15 Values of MCA-PI and/or CPR below 
the 5th centile were considered as a sign of brain vasodilatation or re-
distribution respectively;13 values of UA-PI above the 95th centile,12 
DV-PI above the 95th centile,14 and mean UtA-PI above the 95th cen-
tile15 were considered abnormal.

Furthermore, fetal echocardiographic examination was per-
formed by a fetal medicine expert together with an experienced pe-
diatric cardiologist.

2.3  |  Statistical analyses

Statistical analysis was performed using IBM SPSS version 26.0 for 
Windows21 (IBMCorp.). All parameters were converted to Z scores 
using previously published nomograms.12–18 Continuous variables 
were expressed as mean ± standard deviation and categorical varia-
bles as absolute number (percentage). Biometric and Doppler param-
eters were compared using Student's t test to determine differences 
between two groups (CHD vs healthy ones). For multiple compari-
sons, one-way analysis of variance was used. Dichotomous variables 
were analyzed using the chi-squared test and Fisher's exact test. To 
analyze the longitudinal changes throughout gestation, a general 
linear model between–within subject analysis of variance test was 
performed. Significance was previously set at 95% level (p < 0.05).

2.4  |  Ethical approval

Ethical approval to conduct the study was obtained from every 
participant hospital ethics committee. Ethical approval in La Paz 

TA B L E  1  CHD subgroups

Subgroup I: expected low placenta blood content 39 (54.9)

TGA 27 (38)

HLHS 10 (14.1)

AoAD 2 (2.8)

Subgroup II: expected intermediate and high placenta 
blood content

32 (45.1)

TOF 11 (15.5)

VSD 5 (7)

DORV 4 (5.6)

AVSD 4 (5.6)

TA 3 (4.2)

TRUN 3 (4.2)

PS 1 (1.4)

L-TGA 1 (4.2)

Note: Values are n (%).Abbreviations: AoAD, aortic arch defects 
(including coarctation of the aorta and aortic hypoplasia); AVSD, 
atrioventricular septal defects; CHD, congenital heart defects; DORV, 
double output right ventricle; HLHS, hypoplastic left heart syndrome; 
L-TGA, congenitally corrected transposition of great arteries; PS, 
pulmonary stenosis; TA, tricuspid atresia; TGA, transposition of great 
arteries; TOF, tetralogy of Fallot; TRUN, truncus arteriosus; VSD, 
ventriculoseptal defect.
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University Hospital was obtained from the Investigation Ethics 
Committee on June 25, 2013 (internal code, PI-1499). All patients 
included gave written informed consent.

3  |  RESULTS

During the study period, 152 fetuses diagnosed with CHD ful-
filled the inclusion criteria. Of these, data on ultrasound biometry 
and Doppler parameters in late second/early third trimester (25–
30 weeks of gestation) and in late third trimester (34–40 weeks of 
gestation), and perinatal outcome were available for 79 patients. 
Eight cases, five fetuses and three neonates, were excluded because 
of the presence of chromosomal abnormalities (fetuses: two cases 
of 22q11.2 deletion syndrome, two cases of 15q11.2 microdeletion, 
one case of Klipple–Feil syndrome; neonates: one case of Kabuky 
syndrome, one case of Rubistein–Taybi syndrome, one case of KBG 
syndrome), leaving 71 fetuses for analysis.

Distribution of CHD types according to oxygen delivery and 
blood flow to the brain is shown in Table 1: there were 39 (54.9%) 
fetuses with an expected low placental blood content and low ox-
ygen delivery to the brain (group I) and 32 (45.1%) with expected 
intermediate and high placental blood content (group II). The main 
maternal characteristics and perinatal outcomes are summarized in 
Table 2. Birthweight was below the 10th centile in 22.1% of the new-
borns and 22.1% had a HC below the 10th centile without significant 
differences between groups I and II. Microcephaly (HC < 3 standard 
deviations) was diagnosed in 2.9% of newborns. Five-minute Apgar 
score was significantly lower in group I compared with group II 
(8.79 ± 1.031 vs 9.25 ± 0.718, p = 0.032), although only 7% of CHD 
newborns required advanced fetal resuscitation (10.8% in group I 
and 2.9% in group II, p = 0.195). There were no cases of intrauterine 
fetal death and all deliveries ended in live births.

A total of 142 observations on 71 fetuses with CHD were re-
corded: two examinations per fetus, the first one in late second/
early third trimester (25–30 weeks GA) and the second one in late 
third trimester (34–40 weeks GA).

The results of comparing biometric and Doppler parameters be-
tween fetuses with CHD and controls are summarized in Table  3. 
Biometric variables showed significant differences between the 
two groups in terms of smaller BPD (Z score, −0.342 ± 1.139 
vs 0.037 ± 1.093, p < 0.001), HC (Z score, −0.138 ± 1.159 vs 
0.200 ± 0.961, p  =  0.001), and AC (Z score, −0.377 ± 1.137 vs 
0.330 ± 1.055, p < 0.001), and lower EFW centile (37.386 ± 27.429 
vs 49.329 ± 25.099, p < 0.001), but with no significant differences in 
femur length (Z score, −0.057 ± 1.169 vs 0.016 ± 0.924, p = 0.680). 
When we analyzed these parameters according to the type of CHD 
(Table 4), AC was lower in groups I and II compared with controls 
(p = 0.002 and p = 0.048, respectively) as well as EFW (p < 0.001 and 
p = 0.04, respectively), BPD was smaller only in group I compared 
with controls (p < 0.001), and HC was smaller in group I compared 
with controls and group II (p < 0.001 and 0  =  0.04, respectively). 
Regarding Doppler parameters (Table 3), fetuses with CHD showed 

higher UA-PI (Z score, 0.321 ± 1.126 vs 0.113 ± 1.032, p < 0.001) and 
lower CPR (Z score, −0.265 ± 1.604 vs 0.007 ± 1.392, p  =  0.044) 
than controls. No significant differences were found in MCA-PI (Z 
score, 0.130 ± 1.210 vs 0.136 ± 1.045, p = 0.271) or UtA-PI (Z score, 
0.224 ± 1.451 vs 0.021 ± 1.125, p = 0.210). Besides, 11.6% of CHD 
fetuses showed UA-PI values above the 95th centile (compared with 
1.9% in controls, p < 0.001) Nevertheless, Doppler variables showed 
no significant differences among the three groups (Table 4), except 
for UA-PI Z score, which was higher in group I compared with controls 
(p = 0.043), and it was also reflected in terms of centile, as 15.4% of 
fetuses in group I showed a UA-PI above the 95th centile (compared 
with 6.7% in group II and 1.9% in controls, p < 0.001). Moreover, 
5.4% fetuses in group I showed an MCA-PI below the 5th centile 
(compared with 0% in group II and 1.2% in controls, p = 0.011).

There were significant longitudinal changes in the studied vari-
ables among the three groups. In terms of biometrical changes, 
HC Z score decreased with GA in fetuses with CHD (p = 0.043) 
(Figure 1) and this decrease was affected by the type of CHD. In 
line with this, when HC Z scores were compared among the three 
groups throughout gestation, those CHD fetuses at higher risk of 
severe impairment of blood supply to the brain (group I) showed 
the highest decrease of this parameter throughout pregnancy 
(p < 0.001). In contrast, the decrease with GA of the EFW centile 
in fetuses with CHD was not significant (p  =  0.330), but it was 
affected by the type of cardiac defect (p < 0.001) (Figure 2). BPD 
and AC Z scores tended to decrease with GA but this was not sta-
tistically significant.

Regarding Doppler parameters throughout the pregnancy, 
MCA-PI Z score showed a significant increase with GA in fetuses 
with CHD (p  =  0.03) and this increase was affected by the type 
of CHD; fetuses with CHD with expected normal oxygen deliv-
ery to the brain (group II) showed the highest increase with GA. 
Considering placental circulation, UA-PI Z score trends to increase 
through gestation, but without being influenced by the presence of 
CHD (p = 0.145) (Figure 3). CPR and UtA-PI Z scores showed no sig-
nificant changes throughout the gestation. When we analyzed DV-
PI Z score in fetuses with CHD (group I and II), it tended to increase 
throughout gestation, but these changes were not statistically sig-
nificant (p = 0.072). On the other hand, MCA peak systolic velocity Z 
score did not show significant changes over time (p = 0.320)

4  |  DISCUSSION

There are significant differences in terms of fetal biometry and 
Doppler parameters in CHD fetuses compared with controls. These 
changes are mainly associated with CHD with expected low oxygen 
supply to the brain. Moreover, when performing fetal growth assess-
ment through time, we also found that CHD fetuses had lower head 
growth rates compared with controls. This flattening of the growth 
curve begins in the second trimester of pregnancy and continues 
through the third trimester, affecting fetuses with most types of 
major isolated CHD.
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Our results show that fetuses with CHD have smaller HC, AC, 
and EFW by centile position compared with controls. When we 
classified them into subgroups according to the expected pattern 
of brain blood supply, there were no differences between the CHD 
groups in these biometrics values, except for HC, which was smaller 

in group I compared with group II. Previous studies described sim-
ilar results. Donofrio et al19 were the first to report smaller HC in 
CHD fetuses in the third trimester; Masoller et al5 described simi-
lar changes after the second trimester of pregnancy. We found that 
these growth disturbances were more pronounced in some types of 

TA B L E  2  Maternal characteristics and perinatal outcomes

Group I (n = 39) Group II (n = 32) Total (n = 71) p value

Age (years) 34 ± 4.779 32.38 ± 5.512 33.27 ± 5.512 0.195

BMI (kg/m2) 25.27 ± 5.074 25.49 ± 4.471 28.38 ± 4.775 0.847

Ethnic group 0.085

Caucasian 34 (87.2) 30 (93.8) 64 (90.1)

Asian 3 (7.7) - 3 (4.2)

Latin – 2 (9.3) 2 (2.8)

African 2 (5.1) – 2 (2.8)

Comorbidity 8 (20.5) 11 (34.4) 19 (26.8) 0.189

Diabetes 2 (5.2) 1 (3.1) 3 (4.2)

Hypothyroidism 1 (2.6) 3 (9.4) 4 (5.6)

Hypertension 1 (2.6) – 1 (1.4)

Obesity 1 (2.6) 2 (6.2) 3 (4.2)

Cancer 1 (2.6) 1 (3.1) 2 (2.8)

Others 2 (5.2) 4 (12.4) 6 (8.4)

Smoker 5 (12.8) 2 (6.3) 7 (9.9) 0.355

Parity 0.747

Nulliparous 18 (46.2) 16 (50) 34 (47.9)

Multiparous 21 (53.8) 16 (50) 37 (52.1)

Method of conception 0.184

Spontaneous 33 (84.6) 30 (93.8) 63 (88.7)

AI – 1 (3.1%) 1 (1.4)

IVF 4 (10.3) – 4 (5.6)

IVF with oocyte donor 2 (5.1) 1 (3.1) 3 (4.2)

GA at delivery 38.73 (±1.340) 39.01 (±1.399) 38.88 (±1.363) 0.440

Type of delivery 0.092

Vaginal delivery 23 (58.9) 25 (78.1) 48 (67.6)

Instrumental delivery 1 (2.6) 2 (6.3) 3 (4.2)

Cesarean delivery 15 (38.5) 5 (15.6) 20 (28.2)

Sex 0.914

Male 20 (51.3) 16 (50) 36 (50.7)

Female 19 (48.7) 16 (50) 35 (49.3)

Birthweight (g) 3039 ± 457 3190 ± 478 3107 ± 469 0.178

Birthweight-centile 38 ± 29.822 47.84 ± 32.057 42.44 ± 31.02 0.185

Birthweight < 10 centile 8 (22.2) 7 (21.9) 15 (22.1) 0.973

Birth HC (cm) 33.50 ± 1.390 33.78 ± 1.375 33.63 ± 1.381 0.405

Birth HC centile 35.05 ± 26.189 39.93 ± 21.789 37.21 ± 24.295 0.415

Birth HC <10th centile 9 (23.7) 6 (20) 15 (22.1) 0.716

pH UA 7.26 ± 0.061 7.26 ± 0.054 7.27 ± 0.058 0.857

5-minute Apgar score 8.79 ± 1.031 9.25 ± 0.718 9 ± 0.926 0.032

Respiratory support 12 (32.4) 11 (32.4) 23 (32.4) 0.994

AFR 4 (10.8) 1 (2.9) 5 (7) 0.195

Note: Values are n (%) or mean ± standard deviation.Abbreviations: AFR, advanced fetal resuscitation; AI, artificial insemination; BMI, body mass 
index; GA, gestational age; Group I, expected low placenta blood content; Group II, expected intermediate and high placenta blood content; HC, 
head circumference; IVF, in vitro fertilization; UA, umbilical artery.
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CHD, mainly in those with expected low placental blood content and 
low oxygen delivery to the brain (group I). However, recent studies 
showed that there were no significant differences in fetal biometry 
between CHD subgroups and even those classically considered as 
low risk had smaller head biometry, irrespective of the type of defect 
and the expected pattern of brain blood supply.5,20

Describing brain circulation abnormalities in CHD, Donofrio 
et al19 were the first to use CPR as a marker of cerebral auto-
regulation, and reported a decreased CPR in fetuses with CHD. 
Since then, multiple studies have reported similar results: fetuses 
with CHD showed lower MCA-PI and lower CPR compared with 
controls.5,6,8,21 We confirmed a lower CPR in CHD fetuses, but it was 

Group I and II (n = 142) Controls (n = 3546) p value

Biometric parameters

BPD 78.5 ± 10.182 81.6 ± 9.680 0.001

BPD Z score −0.342 ± 1.139 0.037 ± 1.093 <0.001

HC 286.1 ± 34.14 294.6 ± 33.11 0.004

HC Z score −0.138 ± 1.159 0.200 ± 0.961 0.001

AC 276.46 ± 0.061 286.9 ± 0.061 0.008

AC Z core −0.377 ± 1.137 0.330 ± 1.055 <0.001

FL 60.27 ± 8.942 61.60 ± 8.605 0.071

FL Z score −0.057 ± 1.169 −0.016 ± 0.924 0.680

EFW 1932.04 ± 830.948 2118.26 ± 841.321 0.01

cEFW 37.386 ± 27.429 49.329 ± 25.099 <0.001

Doppler assessment

UA-PI 1.017 ± 0.211 0.934 ± 0.183 <0.001

UA-PI Z-Score 0.321 ± 1.126 0.113 ± 1.032 0.024

MCA-PI 1.916 ± 0.409 1.863 ± 0.394 0.159

MCA-PI Z-Score 0.130 ± 1.210 0.136 ± 1.045 0.271

CPR 1.942 ± 0.534 2.058 ± 0.477 0.012

CPR Z-Score −0.265 ± 1.604 0.007 ± 1.392 0.044

UAt-PI 0.842 ± 0.330 0.776 ± 0.216 0.049

UAt-PI Z-Score 0.224 ± 1.451 0.021 ± 1.125 0.210

Note: Values are n (%), mean ± standard deviation.Abbreviations: AC, abdominal circumference; 
BPD, biparietal diameter; CPR, cerebro-placental ratio; EFW, estimated fetal weight; FL, femur 
length; HC, head circumference; MCA-PI, middle cerebral artery pulsatility index; UA-PI, umbilical 
artery pulsatility index; UAt-PI, uterine artery pulsatility index.

TA B L E  3  Comparison of biometric and 
Doppler parameters between CHD and 
controls

TA B L E  4  Comparison of biometrical and Doppler parameters between CHD groups and control

Group I (n = 78) Group II (n = 64) Controls (n = 3546) p value

Biometric parameters

BPD Z score −0.500 ± 1.201 −0.150 ± 1.037 0.037 ± 1.093 <0.001

HC Z score −0.317 ± 1.255 0.080 ± 0.966 0.200 ± 0.961 <0.001

AC Z score −0.081 ± 1.059 0.015 ± 1.231 0.330 ± 1.055 <0.001

cEFW 34.735 ± 26.45 41.616 ± 28.325 49.329 ± 25.099 <0.001

Doppler assessment

UA-PI Z score 0.41 ± 1.216 0.215 ± 1.001 0.11 ± 1.032 <0.001

MCA-PI Z score 0.039 ± 1.223 −0.019 ± 1.204 0.136 ± 1.045 0.450

PSV MCA Z score −0.059 ± 1.493 −0.331 ± 0.812 0.275

CPR Z score −0.297 ± 1.532 −0.225 ± 1.704 0.007 ± 1.392 0.126

UAt-PI Z score 0.289 ± 1.695 0.150 ± 1.124 0.021 ± 1.125 0.398

DV-PI Z score 0.421 ± 1.257 0.434 ± 1.301 0.967

Note: Values are n (%), mean ± standard deviation. Abbreviations: AC, abdominal circumference; BPD, biparietal diameter; CPR, cerebroplacental 
ratio; DV-PI, ductus venous pulsatility index; EFW, estimated fetal weight; HC, head circumference; MCA-PI, middle cerebral artery pulsatility index; 
PSV MCA, peak systolic velocity middle cerebral artery; UA-PI, umbilical artery pulsatility index; UAt-PI, uterine artery pulsatility index.
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F I G U R E  1  Longitudinal changes in 
head circumference (HC) Z score. CHD, 
congenital heart defects.

F I G U R E  2  Longitudinal changes in 
estimated fetal weight (EFW) centile. 
CHD, congenital heart defects.

F I G U R E  3  Longitudinal changes in 
umbilical artery pulsatility index (UA-PI) Z 
score. CHD, congenital heart defects.
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because od a higher UA-PI; MCA-PI was not decreased in the study 
group. However, when differences between groups were analyzed, 
more fetuses in group I showed MCA-PI below the fifth centile 
compared with group II. Respecting the umbilical flow, our results 
showed a higher UA-PI in the CHD group, being more remarkable 
in group I. This finding has also been described in previous stud-
ies,8,22,23 and could suggest some grade of placental impairment, al-
though in our cohort the UtA-PI was within normal ranges. Recently 
a relation between placental dysfunction and CHD has been pro-
posed,24,25 an abnormal placental angiogenesis due to an exces-
sive anti-angiogenic pathway signaling in the embryogenic period, 
which may or may not lead to an alteration of placental perfusion 
and function, does seem to be related to fetal cardiac development 
defects.26,27 In our cohort, only two patients (2.8%) developed pre-
eclampsia. Further studies are needed to assess this relation, but a 
screening for pre-eclampsia, universally accepted nowadays, is man-
datory in these patients.

Regarding longitudinal growth through gestation, the slope of the 
curve of fetal biometry and EFW usually decreases with GA, but in 
individuals with CHD this decrease could be more pronounced.20,28–30 
Our results confirm that on the one hand, head growth (HC Z score) 
but not EFW centile decreases with GA in fetuses with CHD, mainly 
in group I. On the other hand, UA-PI tends to increase at the end of 
the pregnancy but without being influenced by the presence of CHD. 
Surprisingly, and the opposite of what we expected, MCA-PI increases 
with GA in the presence of CHD, especially in group II. It is difficult to 
explain this finding; we could hypothesize that it could be related to 
the type of CHD included in this group, most of them associated with 
large ventricular or atrioventricular defects that might cause volume 
overload and secondary vasoconstriction in the cerebral territory.

The reasons why fetal growth is impaired in the setting of CHD 
remain speculative. Multiple hypotheses have been suggested but 
the most widespread theorizes that in CHD fetuses there is di-
minished oxygen and nutrients distribution and blood flow to the 
brain caused by abnormal heart morphology, leading to an inability 
to meet metabolic demands to the developing brain..7,8 The po2 in 
the ascending aorta elicits brain vessel dilatation mediated by aortic 
chemoreceptors to maintain adequate brain perfusion, as happens 
in fetuses with intrauterine growth restriction. Haveman et al30 hy-
pothesized that oxygen saturation in fetuses with CHD might not be 
low enough to trigger cerebral vasodilatation, so the growth of fetal 
cephalic biometry was affected. Our results agree with this theory; 
we did not find a decrease in MCA-PI with gestational age and the 
absence of a compensatory cerebral vasodilatation might explain 
the decrease of the fetal head growth. On the other hand, the in-
crease of UA-PI suggests some degree of placental impairment. A 
misbalance in angiogenesis factors, a plausible mechanism for these 
changes, might be implicated in the abnormal formation of the heart 
and brain during the fetal stage. What seems clear is that there are 
more mechanisms involved in these changes than fetal heart mal-
function, and that they are still unknown.

In addition, and confirming previous results,25 we found these 
head growth changes were more evident in fetuses with CHD with 

expected low placental blood content and low oxygen delivery to the 
brain (group I) than in group II. Nevertheless, other studies did not 
show significant differences in terms of fetal biometry and Doppler 
patterns among the subgroups of CHD.5,8 Then, it seems reasonable 
to conclude that all types of major CHD are at risk of abnormal head 
biometry and Doppler changes, irrespective of the type of defect 
and the expected pattern of brain blood supply.

Concerning perinatal outcomes, in our cohort birthweight was 
below the 10th centile in 22.1% of the CHD newborns, which is sim-
ilar to the 17%–18% reported elsewhere.30 It is well known that low 
birthweight is associated with an increase of complications after 
corrective cardiac surgery, mortality, and higher risk of long-term 
adverse neurodevelopmental outcome. HC was below the 10th 
centile in 22%, with an incidence of microcephaly of 2.9%, whereas 
other series report higher incidences, from 12% to 14%.5 Group 
I newborns had significantly lower 5-minute Apgar scores and 
nearly 11% of them required advanced fetal resuscitation. Then, as 
a whole, CHD fetuses have worse perinatal outcomes, most likely 
due to an underlying compromised circulation, especially those in 
group I.

5  |  CONCLUSION

Fetuses with CHD are at risk of presenting smaller head biometry, 
even without a compensatory decrease of MCA-PI, compared with 
healthy fetuses. It starts as early as 25 weeks GA and remains smaller 
throughout gestation with a high incidence of newborns showing a HC 
below the 10th centile. Regarding Doppler parameters, an increased 
resistance in UA-PI has been observed; a possible relation between 
placental impairment and the development of heart disease deserves 
future studies. EFW in these fetuses, as well as birthweight, is lower 
than in healthy fetuses, which is associated with an increase in morbid-
ity and mortality. All these biometric and Doppler alterations seem to 
be more severe in fetuses with those types of CHD in which placental 
blood content and oxygen delivery to the brain are expected to be low, 
but we must highlight that as a whole, fetuses and newborns affected 
by major CHD are at risk of abnormal brain findings.
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