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Doppler Measures|dentify Brain Injury Risk in Fetal
Growth Restriction
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Fetal growth restriction (FGR) complicates approximately 3-7% of pregnancies and is associated with increased
perinatal morbidity and mortality, including a heightened risk of neurodevelopmental impairment. Identifying

which fetuses are most vulnerable to brain injury remains aclinical challenge, necessitating improved antenatal
surveillance strategies.

The Pivot: Doppler assessment of the cerebroplacental ratio (CPR) and middle cerebral artery (MCA)
pulsatility index (PI) provides a non-invasive method to stratify brain injury risk in FGR.

The Data: Abnormal CPR and MCA PI are associated with an increased incidence of white matter injury
and intraventricular haemorrhage in FGR.

The Action: Clinicians should integrate Doppler assessment into the routine monitoring of FGR
pregnancies to inform delivery timing and neonatal management.
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Fetal growth restriction (FGR), defined as a fetus failing to reach its genetic growth potential, is a significant

obstetric complication. It islinked to adverse perinatal outcomes, including stillbirth, neonatal death, and long-term
neurodevel opmental deficits.1 The underlying pathophysiology often involves placental insufficiency, leading to chronic
hypoxia and nutrient deprivation.2 This chronic stress can trigger adaptive circulatory changesin the fetus, commonly
referred to as 'brain sparing,' where blood flow is preferentially redirected to vital organs like the brain at the expense of
other circulations.3 While initially protective, prolonged brain sparing can itself indicate significant fetal compromise
and is associated with an increased risk of brain injury.4

FGR affects approximately 3-7% of pregnancies in developed countries and up to 20% in low-income settings, making
it aglobal health concern. The clinical presentation of FGR can vary, from mild growth decel eration detected late in
gestation to severe early-onset FGR with profound placental dysfunction. Identifying FGR early and accurately iscrucia
for timely intervention and improved outcomes. However, the diagnosis can be challenging, often relying on seria
ultrasound measurements of fetal biometry, such as abdominal circumference and estimated fetal weight, which are then
compared to popul ation-based growth charts. Theintegration of Doppler ultrasound parameters providesamore dynamic
assessment of fetal well-being and hel ps differentiate between constitutionally small fetuses and those with pathol ogical
growth restriction. Thisdistinction isvital, as constitutionally small fetuses typically have normal Doppler findings and
alower risk of adverse outcomes compared to FGR fetuses with abnormal Doppler profiles.

Doppler Ultrasound in FGR Assessment
Doppler ultrasound is a non-invasive tool used to assess fetal haemodynamics, providing insightsinto placental function

and fetal adaptation to hypoxia. Key parameters include the umbilical artery (UA) pulsatility index (PI), which reflects
placental resistance, and the middle cerebral artery (MCA) PI, which indicates cerebral vascular resistance.5 The
cerebroplacental ratio (CPR), calculated as MCA Pl divided by UA P, is considered a more sensitive marker of

fetal compromise than either parameter alone, as it reflects the balance between placental resistance and cerebral
vasodilation.6 A low CPR isindicative of brain sparing and is associated with adverse perinatal outcomes.7

Studies have consistently demonstrated that abnormal Doppler parameters, particularly alow CPR, correlate with an
increased risk of neonatal braininjury in FGR fetuses. For instance, areduced MCA P, reflecting cerebral vasodilation,
has been linked to an increased incidence of white matter injury (WMI) and intraventricular haemorrhage (IVH) in
preterm FGR infants.8 WM, characterised by damage to the devel oping white matter, is a major precursor to cerebral
pal sy and other neurodevel opmental impairments.9 Similarly, abnormal UA Doppler findings, such as absent or reversed
end-diastolic flow, are strong predictors of severe placental insufficiency and are associated with higher rates of neonatal
morbidity and mortality, including neurological complications.10 The mechanism by which brain sparing leadsto injury
is thought to involve a redistribution of blood flow that, while initialy protective, can become detrimental over time.
Chronic hypoxiaand nutrient deprivation can|ead to oxidative stressand inflammation, damaging the deli cate devel oping
brain tissue. Furthermore, the preferential shunting of blood to the brain may compromise other organs, such as the
kidneys and gastrointestinal tract, contributing to broader systemic morbidity.
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The utility of Doppler assessment extends beyond risk stratification; it also informs clinical management, particularly
regarding thetiming of delivery. In FGR pregnancies, serial Doppler surveillance hel psclinicians monitor the progression
of fetal compromise. Deterioration in Doppler parameters, such as a persistently low CPR or absent/reversed UA
end-diastolic flow, often prompts earlier delivery to mitigate the risks of stillbirth and severe neurological injury.11 The
decision to deliver is a balance between the risks of prematurity and the risks of continued intrauterine compromise.
Doppler findings provide objective data to guide this complex decision-making process.12

While Doppler ultrasound is a valuable toal, it has limitations. The interpretation of Doppler waveforms requires
expertise, and inter-observer variability can occur.13 Furthermore, while Doppler abnormalities identify fetuses at
increased risk, they do not predict brain injury with 100% accuracy. Other factors, such as gestational age at delivery,
severity of FGR, and postnatal complications, also influence neurodevelopmental outcomes.14 The sensitivity and
specificity of Doppler parameters for predicting specific types of brain injury can vary, and asingle abnormal finding
may not be sufficient to warrant immediate intervention without considering the broader clinical picture. Additionally,
the optimal timing and frequency of Doppler surveillancein different FGR phenotypes remain areas of ongoing research.
Future research may focus on integrating Doppler parameters with other biomarkers and advanced imaging techniques,
such asfetal MRI, to refine the prediction of brain injury and improve targeted interventions.15

CLINICAL IMPLICATIONS

The consistent evidence linking abnormal Doppler measures to an increased risk of brain injury in FGR fetuses
underscores the necessity of integrating these assessments into routine antenatal care. For obstetricians, this
is not merely an academic exercise; it is a direct call to action to refine surveillance protocols. Relying solely
on growth parameters misses a critical window for intervention. The cerebroplacental ratio, in particular, offers
a sensitive, non-invasive marker that can stratify risk and inform the delicate balance of when to deliver a
compromised fetus, potentially reducing the burden of neurodevelopmental impairment.

The implications for patient care are substantial. Early identification of fetuses at high risk allows for

more targeted counselling of parents regarding potential neonatal outcomes and facilitates preparation for
specialised neonatal care. This proactive approach can lead to improved resource allocation in tertiary centres
and better preparedness for the challenges of managing preterm FGR infants. While the technology is widely
available, ensuring consistent training and adherence to standardised protocols for Doppler interpretation
across all levels of care remains a practical challenge that guideline bodies like NICE and ACOG should
address with updated recommendations.

From an industry perspective, the continued reliance on established, cost-effective technologies like Doppler
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ultrasound highlights the enduring value of foundational diagnostic tools. While there is a constant push
for novel biomarkers and advanced imaging, the data reinforce that optimising the application of existing,
accessible methods can yield significant clinical gains. Investment in training programmes and quality
assurance for ultrasound practitioners may be more impactful in the short term than chasing the next
'breakthrough' technology that may not be widely implementable.

EDITORIAL & Al STANDARDS
Al tools are used solely to structure and summarise evidence from peer-reviewed primary sources. No Al-generated conclusions appear in The
Life Science Feed without editor verification against the primary source.
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MEDICAL DISCLAIMER

This content is intended for healthcare professionals only and does not constitute medical advice. Clinical decisions must be made by qualified
practitioners based on individual patient circumstances.
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