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ABSTRACT
Doppler velocimetry has recently become an informative procedure for the real-time and noninvasive evaluation in fetal hemodynamics.
The analysis of flow velocity waveforms in various kinds of vessels has been made for not only clarifying fetal physiology and pathophysiology
of various disorders but also for determining the most appropriate intervention from the viewpoint of the integrated management protocol.
The unique change in both the arterial and venous flow in normal and compromised fetuses has been demonstrated. Clinical applications
of the Doppler technique in monitoring the fetus are reviewed.
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INTRODUCTION

Qualitative Analysis of Doppler Velocity Waveforms

With the advent of ultrasonographic technique, Doppler
velocimetry has recently become an important and informative
procedure for the real-time and noninvasive evaluation in fetal
hemodynamics. The analysis of flow velocity waveforms has
clarified fetal physiology and pathophysiology of various
disorders. In these reports, functional evaluation using Doppler
velocimetry is essential in fetal growth restriction (FGR) cases
associated with uteroplacental insufficiency. I review clinical
applications of the Doppler technique in monitoring the human
fetus.

Recent main trends have changed to qualitative analyses using
the shape of flow velocity waveforms (FVWs). The detection
of abnormal flow patterns and the determination of sampling
points have recently become accessible with the help of color
Doppler, a technique by which we can easily detect abnormal
flow (e.g. regurgitant flow) or the existence of small vessels.

DOPPLER VELOCIMETRY IN THE
HUMAN FETUS
Doppler velocimetry is a noninvasive technique for measuring
the blood flow velocity by detecting ultrasound signals reflected
by Doppler effect. In the human fetus, the application of this
technique is two-fold; quantitative and qualitative analyses.

Quantitative Evaluation of Fetal Blood Flow Volume
by Doppler Velocimetry in the Human Fetus
Historically, investigators utilized it for the calculation of
circulating volume measurement in target organs by measuring
vessel diameters or for the detection of absolute velocity in
various fetal vessels. Velocity and volume measurement were
performed in large vessels, such as descending or ascending
aorta, pulmonary artery, umbilical vein or for the intracardiac
flow.1-4 However, fairly large errors have been pointed out in
the quantitative estimation of volume flow due to the possibility
of inaccurate measurement of vessel diameters, the angle
between ultrasound insonation and the vessel or the location of
the sampling point. As the measurement of vessel diameters by
the real-time ultrasonography particularly includes principal
errors, the main utility of Doppler velocimetry has, to date,
shifted to the analysis of blood flow shape.

Umbilical and Cerebral Arteries
The most established target arteries in clinical applications in
the human fetus are both the umbilical and the middle cerebral
artery, because fetoplacental and cerebral circulation are
essential and decisive for clinical management and fetal
outcome. Although, a variety of parameters have been proposed
for qualitative analyses in FVWs, the most common parameters
are the resistance index (RI), pulsatility index (PI) and systolic/
diastolic ratio (S/D ratio), all of which are calculated by the
peak-systolic flow, end-diastolic flow and mean flow velocities
(Fig. 1). These parameters were originally used for detecting
adult obstructive arterial diseases, in which they have elevated
values as peripheral vascular resistance increases.
As both the fetoplacental and cerebral circulation develop,
FVWs in the umbilical artery (UA) and middle cerebral arteries
(MCA) change in unique manner. Many investigators have
reported age-related changes of RI and PI in UA and MCA
(RIUA, RIMCA, PIUA, PIMCA), and RI and PI ratio between UA
and MCA (RIUA/MCA, PIUA/MCA). RIUA and PIUA demonstrated
a gradual decrease as gestational age advanced. RIMCA and
PIMCA showed a rather parabolic fashion in value with a peak
around 30 to 31 weeks, indicating a gradual increase until 30 to
31 weeks of gestation and then a gradual decrease to term.
RIUA/MCA and PIUA/MCA ratios decreased until 30 to 31 weeks
of gestation and then increased to term.5 A uniform decrease in
RI and PI in the umbilical artery through the whole gestational
period suggest the gradual decrease in placental vascular
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Fig. 1: Qualitative parameters for evaluating peripheral vascular
resistance in the human fetus. RI = (S – D)/S, PI = (S – D)/M,
S/D ratio = S/D. S = peak-systolic velocity, D = end-diastolic velocity,
M = mean velocity

Fig. 2: Chronological change of FVW in the middle cerebral artery.
Above: Normal fetus (33 weeks of gestation). Bottom: FGR fetus
(33 weeks of gestation)

resistance in normal development of fetoplacental circulation.6
On the other hand, the parabolic change of cerebral vascular
resistance is speculated to be due to the rapid increasing volume
in the cerebral vascular bed in both early and late gestational
weeks,7 and the redistribution favoring blood supply to the brain,
influenced by physiological pO2 reduction near term.8
Fetal growth restriction (FGR): Many investigations have
pointed to the clinical usefulness of Doppler velocimetry in
FGR. Its clinical application in this population is two-fold;
whether it improves the detection rate of FGR, and whether it
offers the possibility of monitoring the deterioration of the FGR
fetus.
As for detection of impaired fetal growth, serial biometry
by real-time ultrasonography is theoretically appropriate. FVW
analysis in the umbilical artery or descending aorta, however,
has fairly acceptable detectability for FGR by expressing
hemodynamic aberration named ‘brain sparing effect’, which
was first reported by Wladimiroff et al.9 They demonstrated
low PI in the internal carotid artery, indicating the redistribution

of blood supply to the brain as a high-priority organ in FGR
cases (Fig. 2). We investigated the most effective parameter
and cut-off values to detect FGR, using ROC curve. Our study
included 170 FGR cases out of 684 high-risk singleton
pregnancies, PI values in the umbilical artery measured within
2 weeks before delivery with the cut-off point of 1.5 SD, had
the highest efficacy in detecting FGR with the sensitivity,
specificity, positive predictive value, negative predictive value
and accuracy of 60.6, 93.3, 75.2, 87.6 and 85.0% respectively5
(Table 1). Several investigators have claimed increased efficacy
by using the combined index of multiple arteries. Although the
timing of the measurements, the kind of index, prevalence of
FGR and risk levels differ in various studies; variation in the
sensitivities, specificities and positive predictive values using
FVW in the umbilical artery have been reported to be 41 to
100%, 65 to 95% and 21 to 81% respectively, in high-risk
pregnancies.5,10-12
Hypoxia and/or acidosis: Fetal distress as manifested on fetal
heart rate tracing, encompasses a wide range of etiology and
pathophysiology, ranging from placental insufficiency, maternal
disorders, fetal malformations to chromosomal aberrations.
With the use of Doppler velocimetry, a relationship between
cardiotocographic findings, which reflect fetal hypoxia or
acidosis, and FVW changes has been established. We previously
reported that FGR per se is associated with a chronic increase
in the RI value in the umbilical artery, and that cerebral vascular
resistance appears to decrease in conditions with abnormal fetal
heart rate tracings.7 Scherjon et al13 studied the relationship
between the umbilical artery PI/middle cerebral artery PI ratio
and fetal outcome, and they concluded that the brain-sparing
effect, indicated by elevated ratio, is a compensatory mechanism
to prevent fetal brain hypoxia. Based on published reports,
fetuses with hypoxia and/or acidosis are likely to show elevated
placental vascular resistance and/or low cerebral vascular
resistance,14 a phenomenon that is most apparent in FGR cases.
Hecher et al have reported that the decrease in PI value in the
middle cerebral artery directly correlates with the decrease in
both venous blood pO2 and pH.15 The main advantage of
comparing the placental and the cerebral vascular resistance
might be that the ratio includes both the possible existence of
placental disease responsible for the change in maternal to fetal
oxygen transfer and the cerebral hemodynamic consequences
of blood gas change.

Table 1: The cut-off values and efficacy in six parameters for detecting FGR5
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RIUA

PIUA

RIMCA

PIMCA

RIUA/MCA

PIUA/MCA

Cut-off (SD)

+1.25

+1.5

–1.0

–1.0

+1.0

+1.0

Sensitivity (%)
Specificity (%)

62.4
91.5

60.6
93.3

41.8
89.1

40.6
87.3

64.7
85.7

60.0
88.3

PPV (%)
NPV (%)
Accuracy (%)

71.1
87.8
84.2

75.2
87.6
85.0

56.4
82.0
77.2

51.9
81.4
75.6

60.4
87.8
80.4

63.4
86.8
81.2
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Fig. 3: Absent and reversed end-diastolic flow in the umbilical artery

Absent or reversed end-diastolic flow velocity in the umbilical
artery: The absent or reverse diastolic flow (AREDF) in the
umbilical FVW are likely to have strong relationship with poor
fetal outcome (Fig. 3). It has been reported that AREDF is
associated with high cesarean delivery rate,16-18 high incidence
of pre-eclampsia, lower birth weight, lower gestational age at
delivery, lower Apgar score and higher incidence of NICU
admission.19,20 Because of its simplicity and acceptability of
the correlation with outcome, this semiqualitative flow
characteristic has been widely used as one of the clinical
applications.

Umbilical Vein
The flow profile in the umbilical vein in normal fetuses is almost
invariably continuous, although physiologically pulsatile flow
pattern has been recognized in the first trimester. On the other
hand, pathological pulsations have been reported as a probable
result from the fetal heart failure in cases with hydrops fetalis,
intrauterine growth restriction or hemolytic anemia.21,22 The
main cause of the pulsatile flow is the reversed flow which
originates from the pooling of blood, and the increase of
obstructed venous inflow at the level of the vessels responsible
for the venous return.23

Inferior Vena Cava
In inferior vena cava, the physiological and pathological flow
pattern have been reported from the viewpoint of the reflection
of right cardiac failure and the increase of the preload. The
flow component in the inferior vena cava consists of two phases
of forward flow during systolic and early diastolic period,
followed by a reversed flow in late-diastolic phases (Fig. 4). It
is known that the reversed flow component increases in some
compromised conditions, such as persistent tachyarrhythmia,
cardiogenic hydrops fetalis, the recipient in twin-twin
transfusion and severely growth-restricted fetuses.24,25

Fig. 4: FVW change in the inferior vena cava in FGR fetus. FVW has
changed on admission at 32 weeks of gestation (left) to predominant
reversed component at 34 weeks of gestation (right)

Ductus Venosus
The flow velocity waveform in the ductus venosus consists of
two forward components. In contrast with inferior vena cava,
no reverse flow can be detected in normal fetuses. It has been
suggested that the decrease of the late-diastolic flow component
precedes the fetal heart rate changes in placental insufficiency.26
In cases with rhesus isoimmunization, cardiogenic hydrops
fetalis or severely compromised growth-restricted fetuses,
reversed flow can be detected in late-diastole probably due to
the elevation of the central venous pressure.27 Hence, the
evaluation of the flow profile in the ductus venosus might be
available for assessing whether the fetus is in ‘decompensatory
phase’ or not.

Integrated Testing by Doppler Velocimetry in FGR
Many procedures have been utilized for the assessment of fetal
well-being or compromise and, to date, the most popular and
real-time technique in determining clinical management is fetal
heart rate monitoring. Based on the fact that abnormal FVWs
in the umbilical and/or intracranial artery correlate with poor
fetal or neonatal outcome, the possibility of utilizing Doppler
velocimetry as a parameter for indicating necessity or timing
of delivery arises. Arduini et al reported high variation between
1 and 26 days for the time interval between the appearance of
AREDF and abnormal fetal heart rate patterns.28 We also
retrospectively reviewed the interval between the observation
of the aberration of the flow waveform indices and subsequent
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fetal distress. Around 35 out of 52 cases with subsequent
cardiotocographic findings of fetal distress had abnormal indices
of PIUA/MCA ratio, which lasted until delivery and revealed a
wide range from 1 hour to 33 days between the first detection
of abnormal flow pattern and fetal deterioration.5 Therefore,
the results obtained by investigators indicate that the appearance
of abnormal FVW is a warning sign necessitating intensive
monitoring of fetal well-being. However it is difficult to
accurately predict the most appropriate time of delivery. It must
also be emphasized that termination of pregnancy should not
be recommended based on abnormal FVWs alone, especially
when fetuses are premature.
There are several prospective trials comparing Doppler
FVW assessment with conventional testing, such as NST,
biophysical profile or fetometry, to no use of Doppler
information.29,30 Although their variables vary due to different
patient population, they reach the same conclusion that Doppler
examination does not greatly improve outcome as measured by
gestational age at delivery, birth weight, cesarean delivery rate
and NICU admissions. However, it might be reasonable to use
Doppler FVW analysis as a screening for detecting high-risk
fetuses in large pregnant populations, in combination with other
ultrasonographic procedures, because there is adequate evidence
of a significant relationship between abnormal FVWs and fetal
deterioration.
To date, the evaluation of the fetal venous flow, in addition
to the arterial flow profile, has been focused under the

assumption that the hemodynamic aberration in venous
circulation might demonstrate the decompensatory cardiac
status. As for the venous circulation, the increase in reverse
flow during atrial contraction in inferior vena cava, fluctuating
flow in the umbilical vein and notching formation in FVWs in
ductus venosus have been identified,31-33 which probably
indicate increased atrial contractility and elevated venous
pressure. All these phenomena are explained by possible
increase of truncal and placental vascular resistance, resulting
in the increase in afterload and blood flow redistribution to the
brain. Mari and Picconi34 reported a longitudinal study in 10
FGR fetuses followed from the time the diagnosis of FGR was
made up to delivery. Based on the chronological tendency of
the pathophysiological blood flow deviation from ‘arterial’ to
‘venous’ branch, they have postulated that the last changes
occurring in the cardiovascular system in severe FGR are right
cardiac failure followed by left cardiac failure. Turan et al35
have integrated the chronological change of FVWs, the
conventional biometry in FGR fetuses and proposed the
management algorithm (Table 2). The algorithm is based on
the ability to perform arterial and venous Doppler as well as a
full five-component biophysical profile score. Their concept
that the change of the amniotic fluid volume, the deterioration
of the biophysical profile score or FVW in the umbilical artery
is likely to precede FVW changes in the ductus venosus and/or
the umbilical vein is very excellent.

Table 2: The management algorithm for pregnancies complicated by FGR35
Antenatal testing

Interpretation

Action

Positive UA EDV
Normal MCA and veins
Max AF pocket > 2 cm
BPS > 8/10

Asphyxia extremely rare
Increased risk for intrapartum distress

Deliver only for obsetric factors
BPS – weekly
Doppler – every other week

Hypoxemia possible, asphyxia rare
Increased risk for intrapartum distress

> 38 weeks, consider delivery
BPS – twice weekly
Doppler – twice weekly

Hypoxemia common
Acidemia or asphyxia possible
Onset of fetal compromise

> 34 weeks: deliver
< 32 weeks: antenatal steroids
BPS and Dopper – 2-3 times weekly

Hypoxemia common
Acidemia or asphyxia likely

> 32 weeks: deliver
< 32 weeks: admit, steroids
individualize testing daily

Cardiovascular instability
Metabolic compromise
Stillbirth imminent
High perinatal mortality

Deliver at tertiary care center

Blood flow redistribution
Positive UA EDV
Brain sparing, normal veins
Max AF pocket > 2 cm
BPS > 8/10, AFV normal
Significant blood flow redistribution
UA A/REDV, normal veins
BPS > 8/10
Max AF pocket < 2 cm
Fetal compromise
Significant redistribution
Increased DV pulsatility
BPS > 6/10
Max AF pocket < 2 cm
Fetal decompensation
Compromise by above criteria
Absent or reversed DV a-wave
Pulsatile UV, BPS < 6/10
Max AF pocket < 2 cm

Max: maximum, A/REDV: absent/reversed end-diastolic velocity, BPS: biophysical profile score, DV: ductus venosus, MCA: middle cerebral
artery, UA: umbilical artery, AF: amniotic fluid, EDV: end-diastolic velocity
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CONCLUSION
Doppler velocimetry is an informative procedure to tell us of
the physiological and pathophysiological hemodynamic change
in the real-time manner. From the viewpoint of the clinical
application, the technique is regarded as an important procedure
for determining the most appropriate intervention using the
integrated management protocol, particulary in FGR. Although
many investigators have clarified the utility and limitation, the
technique has been spread and fixed as the useful procedure
for clarifying fetal compromise as well as well-being.
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