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ARTICLE INFO ABSTRACT

Keywords: Intrauterine Growth Intrauterine growth restriction (IUGR) is an essential obstetric disorder that
Restriction, Doppler Ultrasound, Venous endangers maternal and fetal health. This condition is mostly due to placental
Doppler, Placental Insufficiency, Fetal insufficiency, which results in poor nutrient and oxygen transport to the fetus.

Hemodynamics, Pregnancy Complications,
Doppler Waveform, Fetal Surveillance,
Neonatal Echocardiography.

Doppler ultrasound mainly arterial and venous Doppler is being used more
commonly as a diagnostic modality to assess the hemodynamic changes in [UGR. This
review succinctly discusses the arterial and venous Doppler findings in IUGR,
C_orr_espondence to: Ayesha Siddiga focusing on their pathophysiological background, their clinical relevance and their
Slddlqu? . . . ability to predict adverse pregnancy outcomes. Through a review of the clinical trial
Dow University of Health Sciences, Karachi, . j ; -
Sindh, Pakistan. observational, and post-market surveillance literature, Doppler ultrasonography is
Email: ayesha.mav@hotmail.com described with regard to its utility in the management of IUGR and areas for future
study to enhance the translation of Doppler technology into clinical practice are
proposed. The review also discusses the combination of Doppler studies with other

biomarkers to establish a well-rounded approach to the diagnosis and treatment of
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INTRODUCTION Although ultrasound measurements of fetal growth
Background on Intrauterine Growth Restriction are the mainstay for the diagnosis of IUGR discussion,
(IUGR) Doppler ultrasound studies have become an integrated

component in the evaluation of fetal circulation and
placental perfusion. Doppler assessment of the arterial
and venous blood flow provides useful information
regarding hemodynamic alterations in the setting of
placental insufficiency and assists clinicians to anticipate
fetal jeopardy and to time delivery.

IUGR: A fetus that has failed to reach its genetic growth
potential as a result of compromised placental function is
said to have intrauterine growth restriction (IUGR). IUGR
is one of the most frequently observed causes of perinatal
morbidity and mortality, with substantial implications for
neonatal problems such as hypoxia, preterm labor, and

with placental insufficiency accounting for the majority In IUGR, uteroplacental blood flow is compromised, which
and frequently aggravated by maternal disease states such causes a reduced supply of oxygen and nutrients in the
as hypertension, diabetes, and preeclampsia. Timely fetus. This condition also induces adaptive changes in the
detection of IUGR and appropriate intervention are fetal circulation, such as redistribution of blood flow and
important to avoid fetal complications. alterations in the resistance of different vascular beds.

These hemodynamic alterations are essentially diagnosed
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by Doppler studies; that evaluates the speed and the
waveform of the blood circulation of diverse structures of
the fetus.

UTA, UA, MCA and DV are the main vessels for Doppler
assessment of IUGR. The uterine and umbilical arteries are
a reflection of placental perfusion and oxygenation, and
the MCA and DV are a reflection of fetal adaptation to
hypoxic stress. [3] Doppler abnormalities in these vessels
are correlated with bad fetal outcomes like fetal distress,
asphyxia, and stillbirth.

IUGR and Arterial Doppler Studies

Uterine Artery Doppler: A Window on Placental
Perfusion

The uterine artery Doppler waveform reflects the flow of
blood to the placenta. The uterine artery usually
demonstrates low-resistance and high flow with an early
diastolic notch and forward flow at all phases of the
cardiac cycle. In pregnancies complicated by IUGR
however, resistance increases, resulting in late diastolic
notch or absent/reversed end-diastolic flow. These
findings are suggestive of reduced placental blood flow
and are most worrisome when detected early in the
pregnancy.

The uterine artery becomes more resistant, there is a
poor development of the placenta, which is frequently
followed by the development of IUGR. Doppler
measurements in the form of resistance index (RI) and
pulsatility index (PI) are applied to measure these
changes; the higher the gain, the less efficient the placenta.
Nardozza LM. et al.

2.2.2 Doppler assessment of fetal circulation umbilical
artery Doppler Umbilical flow may be spontaneously or
manually categorized, though manual assessment is more
subjective and less frequently performed Breech Fetal
umbilical flow is classified as mild, moderate, or Notch
severe depending on the diastolic flow within the
umbilical artery

The umbilical artery (UA) Doppler is valuable to
assessing fetal perfusion and oxygenation. In IUGR, the
vascular resistance in the umbilical artery is increased,
and as a result, absent or reversed end-diastolic flow
(AREDF) occurs. AREDF is an indicator of the severe
placental insufficiency and is closely related to high risk of
fetal hypoxia and acidosis.

AREDF is an important sign for the prediction of
adverse events (fetal distress and stillbirth) and for
determination of proper time for delivery in severe IUGR.
Doppler indices of the UA, such as the systolic-to-diastolic
ratio (S/D ratio), are the most frequently used parameters
to quantitatively evaluate alterations in fetal blood flow.
Acolet D. etal.

Role of Venous Doppler Studies in IUGR

3.1 Doppler Assessment of the Ductus Venosus: A Signal of
Fetal Oxygenation XXX Nuchal Translucency and the
Assessment of Current Down Syndrome Risk Harry Gee
Fetal Medicine Foundation, London, UK A new method for
assessment of current Down syndrome risk has been
developed utilizing the population-related risk for Down
syndrome combined with the measurement of the nuchal
translucency.
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The ductus venosus (DV) is an important shunting
vessel connecting the umbilical vein to the inferior vena
cava and allowing for oxygenated blood to directly flow to
the heart without needing to enter the liver. The changes
in DV Doppler waveform in IUGR reflect fetal distress and
hypoxia. Typically, the DV flow exhibits a distinct A-wave
(atrial kick), which can become reversed or diminished in
IUGR.

The absence or reversal of the A-wave in the ductus
venosus is an indicator of severe fetal hypoxemia and is a
high-risk factor of perinatal morbidity and mortality. The
DV Doppler wave form takes on special importance when
UA Doppler assessment remains inconclusive and offers
an additional volume in the targets of fetal welfare. Sairam
S.etal.

3.24 Combined Doppler Studies: Improving the
Predictive Value

The simultaneous use of arterial and venous Doppler
examines the entire spectrum of fetal hemodynamics and
placental physiologic function. It has been demonstrated
that if uterine artery and ductus venosus are both
abnormal, the risk of adverse outcome is even higher. Such
an approach is especially useful when trying to uncover
fetuses atrisk of intrauterine demise and allows for a more
accurate determination of the timing of delivery. Fadul N.
etal.

Clinical Significance of Doppler Results in IUGR
Predictive value of Doppler findings Characteristics
Doppler P-value Sensitivity % Specificity % PPV % NPV %
Highly Numerous 0.005 77.6 92.3 79.8 91.4 Moderate
Moderate 0.05 82.9 89.7 75.9 91.5 Few at 1 mm + of MCA
0.06 33.394.1 83.3 82.6 Little at 1 mm + of MCA 0.18 16.6
100 100 83.2 Absence 0.12 16.6 100 100 83.2
Characteristics Sensitivity Specificity Prediction % (95%
CI) value (%) (95% CI) (95% CI) (95% CI) Highly
Numerous 98. Anomalous Doppler results in IUGR are a
strong predictor for adverse perinatal outcomes.

These risks are:

1. Fetal asphyxia and acidosis

2. Spontaneous preterm labor with fetal distress

3. Neonatal hypoglycemia and respiratory distress

4. high rates of stillbirth especially with
absent/reverse end diastolic flow in the umbilical
artery or absence of A-waves in the ductus venosus

Thus, Doppler studies are an important to the
surveillance of IUGR pregnancies and timing the best
delivery. Figueras F et al.

4.2 Example of management decisions from Doppler
trials

Doppler assessment in pregnancy could help in the
customisation of management for the best fetal outcome

Mild to Moderate IUGR: You may monitor the progress
of the condition with routine care and Doppler studies. For
those with negative Doppler results, expectant
management could be considered.

Severe IUGR with Abnormal Doppler: Abnormal
Doppler - umbilical artery absent or reversed end-
diastolic flow, abnormal ductus venosus flow may often
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require early delivery to avoid continued fetal distress.
Ghosh D. etal.

Future Research Directions

Advancing Doppler Technology

Although two-dimensional Doppler ultrasound has been of
great benefit in the clinical management of IUGR, three-
dimensional and especially four-dimensional Doppler
ultrasonography, which is likely to provide more of a
functional study of fetal hemodynamics, are new
associatively promising techniques at the time of the
study. More research in these methods may enhance the
predictive value of Doppler measurements and facilitate
the early recognition of a compromised fetus.

Integration with Biomarkers

The combination of Doppler ultrasound with molecular
and biochemical markers is emerging so that the IUGR
diagnosis may become more accurate and predictive. In
the future, it may be valuable to specify which biomarkers
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