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2. Depending on other clinical factors, reduced, absent, or reversed
umbilical artery end-diastolic flow is an indication for enhanced
fetal surveillance or delivery. If delivery is delayed to enhance
fetal lung maturity with maternal administration of glucocorticoid, intensive fetal surveillance until delivery is suggested for
those fetuses with reversed end-diastolic flow. (II-1B)
3. Umbilical artery Doppler should not be used as a screening
tool in healthy pregnancies, as it has not been shown to be of
value in this group. (I-A)
4. Umbilical venous double pulsations, in the presence of abnormal umbilical artery Doppler waveforms, necessitate a detailed
assessment of fetal health status. (II-3B)
5. Measurement of the fetal middle cerebral artery Doppler peak
systolic flow velocity is a predictor of moderate or severe fetal
anemia and can be used to avoid unnecessary invasive procedures in pregnancies complicated with red blood cell isoimmunization. (II-1A)
6. Since inaccurate information concerning fetal Doppler studies
could lead to inappropriate clinical decisions, it is imperative
that measurements be undertaken and interpreted by expert
operators who are knowledgeable about the significance of
Doppler changes and who practise appropriate techniques.
Duplex mode with pulsed Doppler and colour Doppler flow
mapping is the minimum required ultrasound equipment. (II-1A)

Abstract
Objective: To develop national guidelines on the use of fetal
Doppler in obstetrics.
Options: Whether umbilical cord artery, umbilical cord venous,
ductus venosus, and middle cerebral artery Doppler are useful in assessing fetal health.
Outcome: Prediction of adverse perinatal outcome or prediction of fetal anemia.
Evidence: MEDLINE search and review of bibliographies in identified articles.
Values: The evidence was reviewed by the Diagnostic Imaging
Committee and the principal authors. A quality of evidence
assessment was undertaken as outlined in the report of the
Canadian Task Force on the Periodic Health Examination.
Benefits, harms, and costs: Intrauterine growth restriction complicates 5% to 10% of all pregnancies and up to 30% of multiple pregnancies. In 60% of these pregnancies, the primary cause
is placental insufficiency. Improvement in the identification of the
fetus at risk of intrauterine demise may lead to more successful management strategies. Management of fetal red blood cell
isoimmunization requires a prediction of fetal anemia. If invasive
procedures to predict fetal anemia can be replaced with noninvasive tests, fetal morbidity and mortality can be reduced.
Recommendations:
1. Umbilical artery Doppler should be available for assessment
of the fetal-placental circulation in pregnant women with suspected severe placental insufficiency. (I-A)
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tance index or Pourcelot ratio, and the pulsatility index. These
indices closely correlate and they can be used interchangeably
with similar predictive values for perinatal outcome.15,16
Placental insufficiency can be quantified based on the reduction of end-diastolic Doppler flow velocity into (1) reduced enddiastolic flow velocity, (2) absent end-diastolic flow velocity, and
(3) reversed end-diastolic flow velocity. The risk of perinatal
mortality increases up to 60%, with increasing severity from
reduced to reversed end-diastolic flow velocity.17-32 Therefore,
in the presence of umbilical artery reversed end-diastolic flow
velocity, delivery by Caesarean section may be considered if fetal
viability is achieved.32 This decision will be influenced by the
estimated fetal weight, gestational age, other Doppler parameters, and other assessments of fetal health, such as fetal anatomical and chromosomal anomalies.33 In cases of prematurity,
delivery may be delayed for 48 hours, allowing the maximum
fetal benefits of maternal administration of glucocorticoids;
under such circumstances, continuous fetal heart rate monitoring until delivery should be considered.34

PART I: STANDARD ANTENATAL FETAL SURVEILLANCE
INTRODUCTION

Placental insufficiency is the primary cause of intrauterine growth
restriction in normally formed fetuses and can be identified using
umbilical artery Doppler velocimetry.1-4 Umbilical artery
Doppler waveforms provide an estimate of downstream placental vascular resistance and placental blood flow.2 There is a strong
association between reduced end-diastolic umbilical artery blood
flow velocity and increased vascular resistance in the umbilicalplacental microcirculation.5,6 As well, abnormal umbilical artery
Doppler waveforms have been associated with an increased risk
of fetal acidosis, as measured during cordocentesis,7 and may
improve the performance of the biophysical profile score in predicting fetal acidemia and hypercarbia.8 The use of Doppler during antenatal fetal surveillance has involved assessment of (1) the
umbilical arterial and venous flow velocity waveforms, (2) the
fetal cerebral circulation, and (3) the fetal venous circulation, in
particular the ductus venosus.
ASSESSMENT OF PLACENTAL FUNCTION USING
UMBILICAL ARTERY DOPPLER VELOCIMETRY

RECOMMENDATION

1. Umbilical artery Doppler should be available for assessment of the fetal-placental circulation in pregnant women
with suspected severe placental insufficiency. (I-A)

From 7 to 16 days postconception, the yolk sac develops and
early development of the primary chorionic villi takes place.
Thereafter, the chorioallantoic placenta develops in stages consisting of invasion of the spiral arteries by endovascular cytotrophoblast, followed by a second wave of invasion that extends
into the myometrium. The basic organization of the human
placenta is present by approximately day 20 of pregnancy. Further refinement of this basic structure continues until term, at
which time there are approximately 50 to 60 primary fetal stem
villi branching into several terminal or tertiary villi. The branching of the stem villi and ensuing development of the nonbranching placental microcirculation are responsible for a low
vascular resistance, the increase in placental blood flow, and the
increase in transplacental gas exchange that characterizes human
placentation. This low umbilical-placental vascular resistance is
also responsible for the elevated end-diastolic blood flow velocity in the umbilical artery seen during the third trimester in
a normal pregnancy.5,9 A reduction of the branching of the stem
villi and a reduction in the development of the nonbranching
placental microcirculation result in fewer small arterioles in the
tertiary stem villi, along with a thickened fetal-maternal
placental interface. This results in abnormally high umbilicalplacental vascular resistance,2,10,11 a reduction in umbilical blood
flow,10 and chronic fetal hypoxemia.11
With an increase in downstream placental vascular resistance, velocity of the end-diastolic flow in the umbilical cord
artery is reduced, while the peak-systolic component is not significantly affected.12-14 As a result, several Doppler indices have
been used to quantify abnormalities in umbilical artery
Doppler flow waveforms, including the A/B ratio, the resisJOGC

At an early gestational age, reduced or absent umbilical
artery end-diastolic flow velocity is an indication for increased
fetal surveillance, but not necessarily for immediate delivery.23,35 However, closer to term, severe placental insufficiency, reflected by absent umbilical artery end-diastolic flow
velocity, is an indication for delivery. Fetuses with absent umbilical artery end-diastolic flow velocity are more severely growth
restricted,2,7 are at higher risk of perinatal morbidity and mortality,19 and require delivery at an earlier gestational age than
those with end-diastolic flow.21 However, when fetuses are
matched for gestational age and birth weight, no differences in
perinatal outcome are found in the groups with and without
end-diastolic flow velocity.24,36 Although absence of enddiastolic flow velocity may not affect long-term neurological
outcome, reversal of end-diastolic flow velocity in the umbilical artery is associated with a wide range of problems at school
age,37 suggesting that it represents intrauterine decompensation, which may have adverse effects on the developing brain.24
RECOMMENDATION

2. Depending on other clinical factors, reduced, absent, or
reversed umbilical artery end-diastolic flow is an indication for enhanced fetal surveillance or delivery. If delivery
is delayed to enhance fetal lung maturity with maternal
administration of glucocorticoid, intensive fetal surveillance until delivery is suggested for those fetuses with
reversed end-diastolic flow. (II-1B)
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tion into the fetal abdomen.42 This is particularly important for
studies obtained in multiple pregnancy, where cord insertion at
the umbilicus is relatively easy to obtain to differentiate individual fetuses.43 The angle of the fetal Doppler insonation
should be kept to less than 45˚ for an optimal umbilical artery
Doppler recording. Because of the potential for variability and
inaccuracy with fetal Doppler, it is imperative that measurements be undertaken by expert operators who are knowledgeable about the significance of Doppler changes and who practise
appropriate techniques. Inaccurate information concerning fetal
Doppler studies could lead to inappropriate clinical decisions.

Randomized clinical trials have demonstrated that the use
of umbilical artery velocimetry in high-risk pregnancy (especially those complicated by hypertension or presumed impaired
fetal growth) is associated with a trend to a reduction in perinatal deaths (OR 0.71, 95% CI 0.50–1.01).38 The use of
Doppler ultrasound was also associated with fewer inductions
of labour (OR 0.83, 95% CI 0.74–0.93) and fewer admissions
to hospital (OR 0.56, 95% CI 0.43–0.72), without reports of
adverse effects.38 In high-risk pregnancies complicated with
maternal hypertension, intrauterine growth restriction, or multiple gestation, evidence supports the use of umbilical artery
Doppler studies as part of antenatal assessment.38 As there is
no evidence that the use of umbilical artery Doppler has value
in low-risk pregnancies,39 it should not be used as a screening
tool in healthy pregnancies.

PART II: SPECIAL CONSIDERATIONS
INTRODUCTION

Although the greatest impact on perinatal clinical practice from
Doppler research has been the use of umbilical artery Doppler
assessment of placental function, there have been an increasing
number of observational studies that require special considerations. These fetal Doppler studies include assessment of the fetal
venous circulation as a marker of severe fetal hypoxia,44-51 prediction of fetal hypoxemia using fetal middle cerebral artery,52-60
and the prediction of severe fetal anemia using fetal middle
cerebral artery Doppler.61-64

RECOMMENDATION

3. Umbilical artery Doppler should not be used as a screening tool in healthy pregnancies, as it has not been shown
to be of value in this group. (I-A)
FACTORS AFFECTING UMBILICAL
ARTERY DOPPLER VELOCIMETRY

Several factors will affect the umbilical artery Doppler waveform, independent of changes in placental vascular resistance
(Table 1). Gestational age-dependent normograms are necessary for accurate interpretation of umbilical cord artery
velocimetry.14 No correction is necessary for fetal heart rate
within the normal range.40,41 In order to reduce methodological variability, it is recommended that umbilical artery Doppler
waveforms be measured within 5 cm of the umbilical cord inser-

THE USE OF FETAL VENOUS
DOPPLER VELOCIMETRY

Blood flow velocity in the fetal systemic venous circulation
has a pulsating pattern that reflects changes in central venous
pressure, in particular the filling of the atria during ventricular
systole and the opening of the atrio-ventricular valves. At the

TABLE 1
FACTORS AFFECTING UMBILICAL ARTERY DOPPLER FLOW VELOCITY WAVEFORMS*
Gestational age

EDFV ratio increases with advancing gestational age15

Fetal heart rate

EDFV decreases with decreasing fetal heart rate13,41

Fetal breathing movements

Increases variability in the measurements66

Site of measurement

EDFV is higher near the umbilical cord insertion into the fetal
abdomen than near the placental insertion67

Equipment used: continuous Doppler
versus pulsed Doppler

Continuous Doppler is more a “blind technique” compared with
pulsed Duplex Doppler, allowing 2D real time ultrasound68

User experience

Reliability increases with increasing experience69

Radius of the umbilical artery

Decreasing radius (vasoconstriction) increases EDFV70

Impedance to pulsatile flow propagation

Increasing vascular impedance increases EDFV70

Downstream vascular resistance within the microcirculation

Increasing vascular resistance decreases EDFV70–72

Angle of the fetal Doppler insonation

Best if less than 45˚73; <15˚ for MCA absolute peak systolic flow
velocity62,64

*EDFV = end diastolic flow velocity; MCA = middle cerebral artery.
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end of diastole, a reduction in blood velocity occurs due to
atrial contraction. Blood velocities in the umbilical vein and
portal circulation are normally continuous and without fluctuation.44 Umbilical venous pulsations, particularly double
pulsations, have been associated with perinatal mortality rates
of up to 16% with absent umbilical artery end-diastolic flow
velocity, and 60% with reversed umbilical artery end-diastolic
flow velocity.44,45 However, it is not known if Doppler assessment of the fetal umbilical venous circulation improves
perinatal outcome when compared to assessment of umbilical
artery Doppler velocimetry alone.46-49

USE OF DOPPLER TO DETECT FETAL ANEMIA

Several noninvasive methods have been suggested to detect fetal
anemia. Umbilical vein maximum velocity and middle cerebral
artery peak-systolic flow velocity (MCA-PSV) are the most
promising methods.61,62 A recent systematic review indicated
that studies evaluating noninvasive techniques to detect fetal
anemia were methodologically poor and lacked a standard
approach to evaluate the techniques for fetal hemoglobin prediction.63 However, since then, it has been shown that the
MCA-PSV is an accurate predictor of severe fetal anemia in
pregnancies complicated by red cell alloimmunization.64
Although the correlation between the fetal hemoglobin value
and MCA-PSV becomes more accurate as the severity of anemia increases, almost 70% of the cordocentesis needed, using
current standard criteria for assessment of fetal hemoglobin, can
be avoided.62 This approach is likely to decrease the need for
cordocentesis and its potential risks.

RECOMMENDATION

4. Umbilical venous double pulsations, in the presence of
abnormal umbilical artery Doppler waveforms, necessitate a detailed assessment of fetal health status. (II-3B)
The ductus venosus may play a role in the regulation of
venous blood flow between the inferior vena cava and the
umbilical vein. Under normoxemic conditions, approximately 40% of the umbilical venous blood flow passes through the
ductus venosus.50 During fetal hypoxemia, the proportion of
umbilical venous flow passing through the ductus venosus
increases.52 It is not clear if this increase is the result of an
increase in central venous pressure or due to vasodilatation.44
It is reported that a reduction in vascular resistance through
the ductus venosus is responsible for retrograde umbilical
venous flow velocity leading to umbilical venous pulsations
during atrial contraction in the presence of fetal hypoxemia.51
If umbilical venous pulsations are detected in the absence of
fetal breathing movements, careful assessment of fetal health
should be considered. Although available in many tertiary centres, further research is needed on the benefit of umbilical
venous and ductus venosus Doppler velocimetry before it can
be recommended as a standard of care to evaluate high-risk
pregnancies.

RECOMMENDATION

5. Measurement of the fetal middle cerebral artery Doppler
peak systolic flow velocity is a predictor of severe fetal
anemia and can be used to avoid unnecessary invasive
procedures in pregnancies complicated with red blood
cell isoimmunization. (II-1A)
In order to accurately measure the MCA Doppler waveforms, pulsed Doppler with colour Doppler flow mapping is
recommended to visualize the direction of MCA blood flow.
Since the MCA-PSV is a measurement of absolute instead of
relative velocity, the angle of the fetal Doppler insonation
should be kept as close as possible to 0˚ for accurate estimate
of the absolute peak systolic flow velocity. Software-based angle
correction cannot be used instead of proper positioning of the
transducer since it could lead to erroneous value and interpretation.
RECOMMENDATION

6. Since inaccurate information concerning fetal Doppler
studies could lead to inappropriate clinical decisions, it
is imperative that measurements be undertaken and interpreted by expert operators who are knowledgeable about
the significance of Doppler changes and who practise
appropriate techniques. Duplex mode with pulsed
Doppler and colour Doppler flow mapping is the minimum required ultrasound equipment. (II-1A)

USE OF MIDDLE CEREBRAL ARTERY
VELOCIMETRY TO DETECT FETAL HYPOXIA

The same factors that affect umbilical artery Doppler waveforms
can also affect fetal cerebral artery Doppler waveforms.52 Fetal
behavioural states can also alter cerebral artery waveforms.53-56
Of interest, an increase in pCO2 or a reduction in pO2 will
cause an increase in fetal cerebral arterial Doppler end-diastolic
flow velocity, likely related to cerebral vasodilatation.57-59 This
phenomenon has been described as the “brain sparing” effect.60
Although an increase in fetal cerebral end-diastolic Doppler flow
velocity may reflect chronic fetal hypoxemia, there is no evidence that this measurement will provide any additional benefit to perinatal outcome beyond the assessment of the umbilical
circulation alone.23
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The quality of evidence and classification of recommendations
reported in these guidelines has been described using the Evaluation of Evidence criteria outlined in the Report of the Canadian Task Force on the Periodic Health Exam (Table 2).74
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TABLE 2
QUALITY OF EVIDENCE ASSESSMENT74

CLASSIFICATION OF RECOMMENDATIONS74

The quality of evidence reported in these guidelines has been
described using the Evaluation of Evidence criteria outlined in
the Report of the Canadian Task Force on the Periodic Health
Exam.
I:
Evidence obtained from at least one properly randomized
controlled trial.
II-1: Evidence from well-designed controlled trials without
randomization.
II-2: Evidence from well-designed cohort (prospective or
retrospective) or case-control studies, preferably from
more than one centre or research group.
II-3: Evidence obtained from comparisons between times or
places with or without the intervention. Dramatic results
in uncontrolled experiments (such as the results of treatment with penicillin in the 1940s) could also be included
in this category.
III: Opinions of respected authorities, based on clinical
experience, descriptive studies, or reports of expert
committees.

Recommendations included in these guidelines have been
adapted from the ranking method described in the
Classification of Recommendations found in the Canadian
Task Force on the Periodic Health Exam.
A. There is good evidence to support the recommendation
that the condition be specifically considered in a periodic
health examination.
B. There is fair evidence to support the recommendation that
the condition be specifically considered in a periodic health
examination.
C. There is poor evidence regarding the inclusion or
exclusion of the condition in a periodic health examination,
but recommendations may be made on other grounds.
D. There is fair evidence to support the recommendation
that the condition not be considered in a periodic health
examination.
E. There is good evidence to support the recommendation
that the condition be excluded from consideration in a
periodic health examination.
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