
(1) adults, (2) pregnant with a singleton fetus, and (3) 
agreed to attend consecutive ultrasonographic inves‐
tigations during their pregnancy period and agreed 
to sign an informed consent. However, women preg‐
nant with multiple fetuses, those with any medical 
conditions, smokers, or addicts were excluded. More‐
over, a woman with a fetus that was diagnosed with 
fetal malformations or Small‐for‐Gestational‐Age 
(SGA), intrauterine Growth Restriction (IUGR) as de‐
termined through an ultrasound, was also excluded.  

The included women were divided into 3 study 
groups: (1) Biopsied ICSI (embryos that underwent 
trophectoderm biopsy at the blastocyst stage, on day 
5 post‐fertilization, for preimplantation genetic 
screening (PGS) for aneuploidy (PGT‐A) or other ge‐
netic conditions); (2) Non‐Biopsied ICSI (embryos 
that did not undergo any biopsy for PGS); and (3) 
spontaneous pregnancies.  

 
Exposure 
Data was collected at 29 weeks ±1‐week gestation, 

upon delivery, and 48 hours after delivery using the 
GE Voluson S10 Ultrasound Machine. The fetal ultra‐
sonography evaluation involved estimating the fetal 
weight and conducting fetoplacental Doppler and 
fetal echocardiography. 

The estimated weight of the fetus and the fetal and 
birthweight centiles were determined using the 
methods described by Hadlock et al. (Hadlock et al., 
1985) and the fetal medicine Barcelona calculator 
(Calculadoras | Fetal Medicine Barcelona, n.d.), re‐
spectively. Doppler measurements of fetoplacental 
blood flow involved assessing the Pulsatility Index in 
the uterine arteries, umbilical artery, fetal middle 
cerebral artery, ductus venosus, and aortic isthmus 
(Arduini and Rizzo, 1990; Gómez et al., 2008; Hecher 
et al., 1994; Del Río et al., 2006). Furthermore, the 
cerebroplacental ratio was assessed by dividing the 
Pulsatility indices of the middle cerebral and umbil‐
ical arteries. (Baschat and Gembruch, 2003). 

The structure and function of the heart were eval‐
uated by echocardiography. The cardiothoracic ratio 
was calculated by the heart area/ the thoracic area 
(Paladini et al., 1990). The measurements of the left 
and right atrial areas were done at maximum disten‐
tion, and the ratios of the atrial areas to the heart 
areas were calculated. Additionally, the sphericity in‐
dices of the left and right ventricles were determined 
by measuring the base‐to‐apex length and the basal 
ventricular diameters at end‐diastole (Lowes et al., 
1999; Schneider et al., 2005). 

From a transverse four‐chamber view, we as‐
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Table 2. Standard fetoplacental data of the studied groups 
                                                                                                         SC                      Non‑biopsied ICSI           Biopsied ICSI               P‑value 
                                                                                                    (n=39)                            (n=37)                             (n=37)                              
Gestational age at time of ultrasound                          29.15 ± 0.9                    29.03 ± 0.69                    28.92 ± 0.86                   0.464 
examination (weeks)                                                                    
Estimated fetal weight (g)                                        1483.59 ± 215.56 a        1375.68 ± 91.69 b        1376.76 ± 236.24 b             0.022 
Estimated fetal weight (centile)                                  66.77 ± 30.92                57.47 ± 25.48                 53.53 ± 26.96                  0.109 
Uterine artery mean PI                                                      0.9 ± 0.38                        0.82 ± 0.1                       0.78 ± 0.12                    0.073 
Umbilical artery PI                                                             1.04 ± 0.17                     1.06 ± 0.18                      0.98 ± 0.15                    0.117 
Middle cerebral artery PI                                               1.95 ± 0.52 ab                  1.81 ± 0.23 b                    2.06 ± 0.33 a                   0.023 
Cerebroplacental ratio                                                     1.89 ± 0.49 a                    1.7 ± 0.27 a                     2.14 ± 0.47 b                  <0.001 
Ductus venosus PI                                                               0.69 ± 0.3                        0.74 ± 0.1                       0.71 ± 0.14                    0.617 
Aortic isthmus PI                                                                2.41 ± 0.27                        2.4 ± 0.3                         2.46 ± 0.23                    0.624 

Numerical data are presented as mean ± SD, Statistical significance at P value<0.05, Different lower‐case letters indicate significant   
  difference in pairwise comparison. PI: Pulsatility index 

 


