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Abstract 

 

Background/Aim: It has been reported that both the internal carotid artery (ICA) and the common carotid 

artery (CCA) are associated with hypoxia, also observed in late-onset fetal growth restriction (FGR). 

However, it has not yet been investigated whether these Doppler measurements differ in cases of late-onset 

FGR. This study evaluated the ICA and the CCA Doppler parameters in late-onset FGR fetuses and 

compared these measurements with those of healthy fetuses. 

Methods: This cross-sectional observational study comprised 75 singleton pregnancies diagnosed with 

late-onset FGR between the 32nd and 37th weeks of gestation, alongside 75 healthy fetuses paired 1:1 based 

on obstetric history and gestational age between June 2022 and May 2023. The Delphi consensus of 2016 

was used for the definition of late-onset FGR. The exclusion criteria were congenital anomalies, presence 

of any additional disease, maternal body mass index over 35 kg/m2, abdominal scars hindering ultrasound 

visualization, use of medications such as antenatal steroids, sympathomimetics, and indomethacin that 

affect vascular function, drug use, smoking during pregnancy, concurrent preeclampsia, and multiple 

pregnancies. Upon the patients' admission to the hospital, their demographic characteristics were 

documented, and ultrasonographic examinations and Doppler measurements were subsequently performed. 

The Doppler velocimetry of the umbilical artery (UA) encompassed measurements of the systolic to 

diastolic ratio (S/D), pulsatility index (PI), and peak systolic velocity (PSV). The carotid artery Doppler 

velocimetry of the middle cerebral artery (MCA), ICA, and CCA encompassed measurements of the PI, 

resistance index (RI), and PSV. We assessed the diagnostic performance of Doppler measurements for 

late-onset FGR through receiver operating characteristic (ROC) analysis. 

Results: In the late-onset FGR group, the mean UA-SD was higher (2.7 [0.6] vs. 2.5 [0.5], P=0.006), and 

the mean UA-PI (0.8 [0.2] vs. 0.9 [0.2], P=0.011) and mean PSV (35.6 [8.2] vs. 41.1 [7.1], P<0.001) were 

lower compared to the control group. In the late-onset FGR group, carotid Doppler measurements were 

more pronounced than UA Doppler measurements. Moreover, ICA Doppler measurements exhibited 

superior diagnostic performance in predicting late-onset FGR compared to other Doppler measurements 

(Area under the curve [AUC]=0.777, P<0.001 for ICA-PI; AUC=0.751, P<0.001 for ICA-RI; 

AUC=0.749, P<0.001 for ICA-PSV). 

Conclusion: In fetuses with late-onset FGR, UA Doppler measurements showed minimal differences 

compared to healthy fetuses, but differences in carotid Doppler measurements, especially in the ICA, were 

more pronounced. Therefore, in the management of fetuses suspected of having late-onset FGR, a more 

detailed Doppler examination might be required. 

 

Keywords: carotid artery, Doppler measurements, fetal growth restriction, umbilical artery 
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Introduction 

Fetal growth restriction (FGR), also referred to as 

intrauterine growth restriction, is a pathological state in which 

the fetus is unable to attain its innate genetic growth potential 

[1]. This condition affects up to 10% of pregnancies and is the 

second most common cause of infant morbidity and mortality 

after premature birth [2]. The pathogenesis of FGR can be 

attributed to maternal, fetal, placental, and genetic factors. 

However, a predominant underlying mechanism is compromised 

uteroplacental perfusion, leading to suboptimal fetal nutrition 

and subsequent FGR [3,4]. 

FGR is commonly classified into early-onset FGR, 

occurring before the 32nd week of pregnancy, and late-onset 

FGR, taking place after. In cases of early-onset FGR, umbilical 

artery (UA) blood flow serves as the clinical benchmark for 

detection and management [5,6]. However, this metric often 

presents as normal in late-onset FGR cases [7], emphasizing the 

necessity for a more accurate predictor of late-onset FGR. A 

study assessing structurally smaller fetuses with normal UA 

values identified decreased impedance levels in the middle 

cerebral artery (MCA) [8]. On the contrary, the vasodilation 

brought about by hypoxia leads to an increase in placental 

vascular resistance and a decrease in cerebral resistance, 

ultimately resulting in a reduction of the cerebroplacental ratio 

(CPR). This ratio is calculated by dividing the MCA-pulsatility 

index (PI) by the UA-PI [9]. Moreover, both MCA and CPR 

have been associated with adverse perinatal outcomes and poor 

neurodevelopment [10-12].  

The MCA, which facilitates blood flow to the cerebrum, 

is the larger terminal branch of the internal carotid artery (ICA), 

which originates from the common carotid artery (CCA) and 

perfuses intracranial structures such as the brain and eyes [13]. 

Additionally, it has been reported that both the ICA and the CCA 

are associated with hypoxia [14,15], also observed in late-onset 

FGR [7]. Given the aforementioned rationales, we postulated that 

Doppler measurements of both the CCA and ICA could differ in 

late-onset FGR cases. This study aims to assess the Doppler 

parameters of the CCA and ICA in fetuses with late-onset FGR 

and compare these measurements with those of fetuses without 

growth restriction. 

Materials and methods 

This cross-sectional observational study was conducted 

on pregnancies having follow-ups at the Kocaeli Derince 

Education and Research Hospital Perinatology Clinic between 

June 2022 and May 2023. The study received approval from the 

Ethical Committee of Kocaeli Derince Education and Research 

Hospital (Approval Date/Number: May 26, 2022/046). The 

present study adhered to the ethical regulations and principles 

stipulated in the Declaration of Helsinki. Prior to their 

involvement in the study, informed consent was obtained from 

all participants. In a previous study, the FGR group was found to 

have a lower mean UA-PI than the control groups (1.27 [0.64] 

vs. 1.02 [0.29], P<0.001, respectively) [16]. Considering the 

differences in means mentioned in this study, a minimum sample 

size of 69 for each group was determined using G*Power v3.1 

software, with a 5% alpha error probability and 90% power [17]. 

The sample size formula was as follows: N = 2 × [(Z1-α/2+ Z1-β) / 

ES]2, where the standard normal deviation for α  =  Zα  =  1.96, 

and the standard normal deviation for β  =  Zβ  =  1.28. ES is the 

effect size, defined as ES  = ǀµ1-µ2ǀ/σ, where | μ 1 - μ 2 | is the 

absolute value of the difference in means between the two groups 

and σ is the standard deviation of the outcome of interest [18]. 

Study population  

A total of 132 pregnant women complicated by late-

onset FGR between the 32nd and 37th weeks of gestation were 

evaluated based on eligibility criteria. The inclusion criteria were 

patients diagnosed with late-onset FGR between the 32nd and 37th 

weeks of gestation according to the 2016 Delphi consensus [6]. 

The exclusion criteria were congenital anomalies, presence of 

any additional disease, maternal body mass index over 35 kg/m2, 

abdominal scars hindering ultrasound visualization, use of 

medications such as antenatal steroids, sympathomimetics, and 

indomethacin that affect vascular function, drug use, smoking 

during pregnancy, concurrent preeclampsia, and multiple 

pregnancies. After this exclusion process, 75 singleton 

pregnancies complicated with late-onset FGR between the 32nd 

and 37th weeks of gestation were included in the study. The 

control group comprised pregnant women who delivered at term 

without any additional diseases and were matched 1:1 in terms of 

gestational age and obstetric histories such as gravida, parity, 

living, and abortion with late-onset FGR. 

Study protocol 

Upon the patients' admission to the hospital, their 

demographic characteristics such as gravida, parity, living, and 

abortion were documented, and subsequently, ultrasonographic 

examinations such as biparietal diameter, head circumference, 

abdominal circumference (AC), femur length, estimated fetal 

weight (EFW), and mean amniotic fluid index (mAFI), and 

Doppler measurements were performed. The Delphi consensus 

of 2016 was used for the definition of late-onset FGR [6]. The 

diagnosis of late-onset FGR was established when the AC or 

EFW was below the 3rd percentile at or beyond 32 weeks of 

gestation. In cases where the EFW or AC ranges between the 3rd 

and 10th percentiles, at least one abnormal Doppler finding (UA-

PI > 95th percentile, CPR < 5th percentile) or AC/EFW crossing 

centiles by more than two quartiles on growth charts was 

regarded as late-onset FGR [6]. 

Ultrasonographic evaluation 

Two experienced maternal-fetal medicine experts 

carried out the ultrasound evaluation. A 2–9 MHz convex 

transducer from the Voluson E6 (General Electric, USA) was 

used for the procedure. The Hadlock I formula was employed to 

calculate the EFW. Fetuses in the control group had an EFW 

between the 10th and 90th percentiles, while those in the late-

onset FGR group had an EFW below the 10th percentile. The 

amniotic fluid index was noted. A vertical measurement of the 

deepest amniotic fluid pockets of four quadrants using midline 

and umbilicus was obtained in millimeters. The amniotic index 

of each pregnancy was obtained by summing the vertical 

measurement of amniotic pockets of the four quadrants [19]. 

Throughout the ultrasound examination, the thermal and 

mechanical indices were maintained at levels below 1.0 

mW/cm2. Gestational age was confirmed using first-trimester 

crown-rump length in all cases.  
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The Doppler velocimetry of the UA encompassed 

measurements of the systolic to diastolic ratio (S/D), PI, and PSV 

[20]. The Doppler velocimetry of the MCA (Figure 1A), ICA 

(Figure 1B), and CCA (Figure 1C) encompassed measurements 

of the PI, resistance index (RI), and PSV. These measurements 

were automatically determined by the sonographic device based 

on the following formulas: S/D ratio = systolic/diastolic ratio, RI 

= (systolic velocity - diastolic velocity) / systolic velocity, PI = 

(systolic velocity - diastolic velocity) / mean velocity, MCA-

CPR = MCA-PI / UA-PI, ICA-CPR = ICA-PI / UA-PI, and 

CCA-CPR = CCA-PI / UA-PI. The highest systolic velocity of 

the waveform was defined as PSV in cm/s2. The insonation angle 

was kept below 30 degrees during pulsed wave Doppler to 

ensure accurate measurements [21].  
 

Figure 1: Middle cerebral artery (A), internal (B), and common (C) carotid artery flow by 

pulsed-wave Doppler ultrasonography examination.  

 

Doppler positioning was at the proximal one-third of the 

MCA, in line with the circle of Willis, on an axial section of the 

fetal cranium. The ICA waveform was captured at the point 

where it bifurcates into the middle and anterior cerebral arteries 

on the axial plane [22]. The waveform for the CCA was captured 

at the neck region at the parasagittal plane, specifically recording 

from the left CCA. For each measurement, the sample gate was 

set to 2 mm, and no interference from nearby vessels was 

recorded [23]. Doppler velocimetry of the UA was conducted on 

the free loops of the umbilical cord, examining the spectral 

pattern for flow pattern. Reference ranges for UA Doppler were 

sourced from https://www.perinatology.com/calculators/umbilicalartery.htm 

Instances of absent or reverse end-diastolic flow were noted. 

Doppler waveform recordings were not taken during fetal 

breathing or movements. Waveforms were visualized on the 

screen, and if they appeared uniform, three consecutive waves 

were used for calculations [22]. For each Doppler measurement, 

intraobserver and interobserver variability had an intraclass 

correlation coefficient ranging from 0.83 to 0.95 [24]. 

Statistical analysis 

All data were analyzed with IBM SPSS Statistics for 

Windows 20.0 (IBM Corp., Armonk, NY, USA). Numerical data 

determined to be normally distributed based on the results of 

Kolmogorov-Smirnov tests are given as mean and standard 

deviation (SD) values, while non-normally distributed variables 

are presented as median (25th–75th quartile) values. For 

comparisons between groups, the Student T-test and Mann-

Whitney U test were used in line with the normality of the 

considered distribution. Categorical variables are given as 

numbers and percentages, and inter-group comparisons were 

conducted with Chi-square and Fisher exact tests. The receiver 

operating characteristic (ROC) curve analysis was applied to 

assess diagnostic performance. Threshold values were 

determined by the Youden index method. A comparison of the 

area under the curves (AUC) was performed with a 

nonparametric approach using the theory of generalized U-

statistics to generate an estimated covariance matrix previously 

reported by DeLong et al. [25]. Significance was accepted at P-

value <0.05 (*) for all statistical analyses. 

Results 

The distribution of gravida, parity, and gestational week 

was comparable between the late-onset FGR group and the 

control group (P=0.954, P=0.950, P=0.911, respectively). The 

late-onset FGR group displayed lower mean values for biometric 

measurements, including biparietal diameter (34.7 [1.1] vs. 33.6 

[1.6], P<0.001), head circumference, AC, and EFW in 

comparison to the control group, as presented in Table 1. 
 

Table 1: Demographic and clinical characteristics of the groups. 
 

Variables Control 

n=75 

Late-onset FGR  

n=75 

P-value 

Gravida 1 (1–2) 1 (1–2) 0.954 

Parity 0 (0–1) 0 (0–1) 0.950 

Abortion 0 0 0.999 

Living 0 (0-1) 0 (0-1) 0.852 

Gestational week 34.7 (1.1) 34.8 (1.5) 0.911 

Biparietal diameter, weeks 35.1 (1.1) 33.6 (1.6) <0.001 

Head circumference, weeks 35.3 (1.6) 34.0 (1.9) <0.001 

Abdominal circumference, weeks 35.0 (1.3) 32.0 (1.3) <0.001 

Femur length, weeks 34.9 (1.0) 32.9 (1.8) <0.001 

Estimated fetal weight, g 2451.4 (275.1) 2054.7 (286.8) <0.001 

mAFI, mm 63.5 (13.1)  61.1 (12.7) 0.257 
 

Data are shown as mean (SD) or median (25th-75th quartile) or number and percentage (%). mAFI: mean 

amniotic fluid index, FGR: fetal growth restriction 
 

In the group with late-onset FGR, the mean UA-SD was 

found to be higher (2.7 [0.6] vs. 2.5 [0.5], P=0.006), while the 

mean UA-PI (0.8 [0.2] vs. 0.9 [0.2], P=0.011) and the mean UA-

PSV (35.6 [8.2] vs. 41.1 [7.1], P<0.001) were lower when 

compared to the control group. The Doppler measurements of 

MCA, ICA, and CCA showed lower PI and PSV levels in the 

late-onset FGR group (P<0.001, P<0.001, respectively), while 

the RI levels were higher (P<0.001). However, the differences 

were more pronounced in ICA Doppler measurements, as shown 

in Table 2. 
 

Table 2: Comparison of Doppler measurements between the control group and late-onset 

fetal growth restriction groups. 
 

Variables Control  

n=75 

Late-onset FGR  

n=75 

P-value 

Umbilical artery       

 Systolic to diastolic ratio 2.5 (0.5) 2.7 (0.6) 0.006 

 Pulsatility index 0.9 (0.2) 0.8 (0.2) 0.011 

 Peak systolic velocity 41.1 (7.1) 35.6 (8.2) <0.001 

Middle cerebral artery    

 Pulsatility index 4.6 (1.4) 4.2 (0.7) 0.021 

 Resistance index 1.3 (0.2) 1.5 (0.3) <0.001 

 Peak systolic velocity 57.2 (17.5) 47.4 (10.9) <0.001 

Internal carotid artery    

 Pulsatility index 5.5 (1.6) 4.0 (1.7) <0.001 

 Resistance index 1.4 (0.5) 1.9 (0.5) <0.001 

 Peak systolic velocity 53.4 (18.8) 38.7 (10.8) <0.001 

Common carotid artery    

 Pulsatility index 4.1 (1.5) 3.6 (1.4) 0.028 

 Resistance index 1.2 (0.3) 1.4 (0.6) 0.037 

 Peak systolic velocity 41.4 (14.0) 36.6 (10.2) 0.018 

Cerebroplacental ratio    

 Middle cerebral artery 4.6 (4.2–6.3) 3.8 (3.4–5.4) 0.025 

 Internal carotid artery 6.0 (4.3–7.2) 4.1 (2.7–6.0) 0.002 

 Common carotid artery 4.5 (3.1–6.3) 3.3 (2.8–5.7) 0.044 
 

Data are shown as mean (SD) or median (25th–75th quartile) or number and percentage (%). FGR: fetal 

growth restriction  
 

The median MCA-CPR (3.8 vs. 4.6, P=0.025), ICA-

CPR (4.1 vs. 6.0, P=0.002), and CCA-CPR (3.3 vs. 4.5, P=0.044) 

levels were higher in the late-onset FGR group compared to the 

control group (Table 2). The comprehensive analysis of the 

diagnostic efficacy of Doppler indices in predicting late-onset 

https://www.perinatology.com/calculators/umbilicalartery.htm
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FGR is elaborated in Table 3. Accordingly, ICA Doppler 

measurements had superior diagnostic performance compared to 

other Doppler indices (AUC=0.777, P<0.001 for ICA-PI; 

AUC=0.751, P<0.001 for ICA-RI; AUC=0.749, P<0.001 for 

ICA-PSV). On the other hand, ICA-PI displayed a superior 

diagnostic performance compared to ICA-RI (difference between 

AUC=0.026, P=0.047) and ICA-PSV (difference between 

AUC=0.028, P=0.045) (Figure 2). 
 

Table 3: Diagnostic performance of Doppler indices in predicting late-onset fetal growth 

restriction. 
 

Variables AUC (SE) Sensitivity 

(%) 

Specificity 

(%) 

Cut-off 

value 

P-

value 

Umbilical artery        

 Systolic to diastolic 

ratio 

0.615 (0.05) 77.3 34.7 >2.2 0.010 

 Pulsatility index 0.609 (0.05) 28.0 96.0 <1.0 0.015 

 Peak systolic velocity 0.692 (0.05) 58.7 93.3 ≤36.0 cm/s <0.001 

Middle cerebral artery      

 Pulsatility index 0.596 (0.05) 90.6 12.0 <5.0 0.025 

 Resistance index 0.693 (0.05) 86.7 62.7 >1.4 <0.001 

 Peak systolic velocity 0.650 (0.05) 80.0 64.0 ≤55.0 cm/s 0.002 

Internal carotid artery      

 Pulsatility index 0.777 (0.04) 84.0 70.7 <3.9 <0.001 

 Resistance index 0.751 (0.04) 87.5 47.2 >1.5 <0.001 

 Peak systolic velocity 0.749 (0.04) 82.4 57.2 ≤37.2 cm/s <0.001 

Common carotid 

artery 

     

 Pulsatility index 0.622 (0.05) 50.7 77.3 <3.7 0.034 

 Resistance index 0.595 (0.05) 46.7 77.3 >1.3 0.044 

 Peak systolic velocity 0.608 (0.05) 69.3 62.7 ≤39.5 cm/s 0.034 

Cerebroplacental ratio      

 Middle cerebral artery 0.605 (0.05) 38.7 85.3 ≤3.9 0.036 

 Internal carotid artery 0.681 (0.05) 69.3 64.0 <4.7 0.001 

 Common carotid artery 0.586 (0.05) 77.3 49.3 <3.5 0.049 
 

AUC: area under the curve, SE: standard error 
 

Figure 2: Diagnostic performance of internal carotid artery Doppler indices in predicting 

late-onset fetal growth restriction. 
 

 
 

ICA: internal carotid artery, PI: pulsatility index, RI: resistance index, PSV: peak systolic velocity 
 

Discussion 

To the best of our knowledge, this is the first study in 

the present literature that assesses the association between 

Doppler indices derived from four distinct arteries and late-onset 

FGR. The Doppler acquired from each artery revealed a 

significant difference in the late-onset FGR group compared to 

the control group. However, the ICA Doppler indices 

demonstrated a better diagnostic performance in predicting late-

onset FGR than the Doppler indices from other arteries. 

Ultrasound-based assessment of fetal weight is the most 

fundamental morphometric test used for FGR detection and 

diagnosis [26]. A reduced umbilical venous blood flow results in 

decreased blood flow to the liver. This leads to a reduction in AC 

and an increase in resistance in the UA. As the pathological 

condition progresses, a loss of end-diastolic flow or reverse flow 

is observed in the UA [27]. However, in cases of late-onset FGR, 

the UA Doppler might appear normal, indicating a less severe 

placental dysfunction [7]. The UA is straightforward to examine, 

while various physiological elements can alter UA Doppler 

indices. As the fetal heart rate decelerates, the prolonged cardiac 

cycle makes the diastolic flow rate approach the zero line more 

closely. This can lead to an increase in the S/D ratio. Besides, 

fetal breathing can induce similar alterations by extending the 

cardiac cycle and rendering the spectral curve irregular [28]. In 

this study, all Doppler measurements were carried out 

exclusively during times without any fetal heart rate 

abnormalities, breathing, or movement to negate the impacts of 

these factors. 

Fetuses affected by late-onset FGR have been observed 

to exhibit elevated values of UA-SD and reduced UA-PSV 

compared to the control group. However, the diagnostic 

performance of these parameters in predicting FGR was lower. 

In a retrospective cohort study that investigated pregnancies 

impacted by late-onset FGR, an abnormal UA-SD ratio was 

reported in 23% of the infants [29]. These findings indicate that 

fetuses with late-onset FGR often exhibit normal UA Doppler 

measurements. Despite normal UA Doppler findings, MCA has 

been shown to be independently associated with late-onset FGR 

[30]. However, an advanced brain vasodilation indicative of 

chronic hypoxia, as indicated by an MCA-PI < 5th percentile, can 

be observed in 25% of late-onset FGR [31]. A previous study, 

which encompassed FGR, SGA, and AGA infants, indicated that 

the indices of UA-PI and MCA-PI were similar among the 

groups, while the UA-PSV levels were lower in infants 

diagnosed with late-onset FGR [8]. Contrary to these findings, 

there are studies reporting that both UA and MCA indices are 

associated with late-onset FGR [32,33]. Discrepancies between 

studies highlight the need to assess different Doppler 

measurements or their combinations in predicting late-onset 

FGR.  

The MCA-CPR can significantly enhance the sensitivity 

of both UA and MCA alone, as heightened placental impedance 

in the UA typically coincides with decreased cerebral resistance 

in the MCA [34]. In uncomplicated pregnancies, the diastolic 

phase of the pulse waveform in cerebral arteries is consistently 

lower than that in umbilical arteries, irrespective of the 

gestational age. This ensures that the resistance in cerebral 

vessels is greater than that in the placental vessels, making the 

MCA-CPR exceed 1. However, in pathological pregnancies, 

when the blood flow distribution favors the brain, the MCA-CPR 

drops below 1 [35]. In the current study, the values of MCA-

CPR were observed to be lower in the group with late-onset FGR 

than in the control group. Additionally, 7.8% of late-onset FGR 

fetuses had an MCA-CPR below 1. However, some studies have 

reported that the MCA-CPR has a low or insignificant diagnostic 

performance in distinguishing late-onset FGR fetuses from the 

SGA or the control group [8,36]. On the other hand, the link 

between late-onset FGR and hypoxia might cause discrepancies 

in Doppler readings from systemic arteries that supply the MCA 

[37,38]. However, we could not find any research that 

comprehensively evaluates both ICA and CCA Doppler indices 

in cases of late-onset FGR. In our study, PI and PSV levels in 
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both ICA and CCA Doppler measurements were observed to be 

lower in the late-onset FGR group, while RI levels were higher. 

Additionally, the levels of ICA-CPR were also lower in the late-

onset FGR group. Moreover, while ICA Doppler indices had 

comparable diagnostic performance in differentiating late-onset 

FGR, they exhibited superior diagnostic performance compared 

to Doppler indices from other vessels. These findings suggest 

that changes in the ICA might offer an early indication of late-

onset FGR before changes in the MCA become clinically 

apparent. 

Limitations 

This study has several significant limitations. Firstly, 

the Doppler indices' sequential alterations throughout the course 

of pregnancy, from diagnosis to delivery, were not evaluated. 

Secondly, distinguishing between SGA and late-onset FGR 

fetuses is clinically challenging, and groups with SGA were not 

included in this study. Therefore, this study does not depict the 

variances in Doppler measurements between late-onset FGR and 

SGA. Lastly, as this cross-sectional study evaluated pregnancies 

between 32 and 37 weeks of gestation, it is imperative to assess 

the clinical implications of these observations in terms of 

prognosis and management. There is a need for future large-scale 

prospective studies that include control groups when analyzing 

SGA, late-onset FGR, differences in carotid Doppler 

measurements, and their relationship with maternal and fetal 

outcomes. 

Conclusion 

This preliminary study highlights significant alterations 

in the hemodynamics of the carotid arteries in fetuses affected by 

late-onset FGR. Notably, Doppler indices of ICA and CCA such 

as PI, PSV, and CPR, exhibit a decrease, while RI displays an 

increase within this particular group, indicating the presence of 

cerebral vasodilation. Furthermore, the ICA demonstrates better 

diagnostic efficacy when compared to the CCA. This suggests 

that changes in the ICA may be more reflective of cerebral blood 

flow alterations, making it a more reliable measurement in 

fetuses with late-onset FGR. Nevertheless, larger-scale research 

is needed to validate these findings and to determine how to 

implement these results in routine clinical practice. By better 

understanding the cerebral hemodynamic changes associated 

with late-onset FGR, healthcare professionals can intervene 

earlier and potentially improve outcomes for the fetus. 
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