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OBJECTIVE: We examined intraplacental color Doppler flow patterns and spectral Doppler flow velocity
waveforms of villous arteries in pregnancies with intrauterine growth retardation.

STUDY DESIGN: A total of 192 uncomplicated pregnancies and 29 pregnancies with intrauterine growth
retardation between 26 and 41 weeks’ gestation were examined in this cross-sectional study.
Intraplacental color Doppler flow findings and pulsatility indexes of umbilical and villous arteries were
correlated with the presence of intrauterine growth retardation and muitiple outcome variables. Villous
arteries were identified by their intraplacental color Doppler flow image, and flow velocity waveforms were
obtained by superimposition of pulse-wave Doppler.

RESULTS: (1) Intraplacental color Doppler flow signals from two or more vilious arteries were detected in
all 192 normal pregnancies but were undetectable in 8 of 29 fetuses with intrauterine growth retardation
(27.6%, p < 0.0001). Absence of intraplacental color Doppler flow signals was associated with fetal
distress in 6 of 8 cases (87.5%) and perinatal death in two cases (25.0%), compared with 3 of 21 (14.2%,
p < 0.005) and 0 of 21 (not significant) cases of intrauterine growth retardation with detectable
intraplacental color Doppler flow. Median Apgar scores at 1 minute were 5 and 8 (p < 0.05), respectively,
and at 5 minutes were 8 and 8 {not significant), respectively. (2) Umbilical artery flow velocity waveforms

were abnormal (> 95th percentile) in 8 of 21 cases of intrauterine growth retardation (38.0%) with
detectable intraplacental color Doppler flow, including two cases with reversed end-diastolic flow. In
contrast, the corresponding villous artery flow velocity waveforms were abnormal in only 1 of 21

cases (p < 0.04).

CONCLUSION: (1) Failure to detect intraplacental color Doppler flow signals is associated with
intrauterine growth retardation and fetal distress. (2) Flow velocity waveforms of detectable vilious arteries
are usually normal in intrauterine growth retardation, even in the presence of extremely abnormal
umbilical artery flow velocity waveforms. (Am J OpsTer GynecoL 1994;171:1257-64.)
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Abnormal Doppler waveform indexes of the umbilical
artery have been demonstrated to be a measure of
increased resistance in the umbilical-placental circula-
tion.' The pathologic basis for this phenomenon ap-
pears to be a decrease in the number of tertiary villous
arteries and arterioles.® Decreased modal counts of
muscular villous arteries in correlation with elevated
umbilical artery Doppler waveform indexes have indeed
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been observed in the setting of preeclampsia,” intra-
uterine growth retardation (IUGR),** and fetal chromo-
some anomalies.” It is presently unclear, however,
whether the reduction in tertiary villous arteries is the
result of primary failure of angiogenesis or of secondary
vessel obliteration.®

The umbilical artery is the most extensively investi-
gated fetal vessel in the assessment of fetal well-being by
Doppler velocimetry. However, since the primary site of
vascular abnormality is further downstream in the ter-
tiary villi of the placenta, alterations in umbilical artery
Doppler waveforms merely reflect the distal vascular
abnormality and occur relatively late in the process.
Thompson and Trudinger” have calculated that 60% of
the intraplacental fetal vasculature has to be occluded
before significant changes in umbilical artery Doppler
waveforms occur.” This has been confirmed by placental
embolization experiments in the sheep.® It would be
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Fig. 1. Intraplacental color Doppler flow signals with superimposed pulse-wave Doppler gate and
spectral display of flow velocity waveforms from a villous artery.

desirable therefore to examine the intraplacental vil-
lous vasculature by Doppler velocimetry directly, as
opposed to examining the upstream umbilical artery.

Until recently, intraplacental villous arteries have not
been accessible to direct Doppler examination, because
the small vessel diameters (50 to 200 wm) are below the
resolution of gray-scale ultrasonography. With the ad-
vent of color Doppler equipment, the detection of
intraplacental blood flow and Doppler velocimetry has
now become feasible.

The purpose of this study was to examine intrapla-
cental color Doppler flow patterns and flow velocity
waveforms of villous arteries in pregnancies compli-
cated by IUGR.

Material and methods

Two hundred eleven women between 26 and 41
weeks’ gestation were examined in this cross-sectional
study. Gestational ages were determined by clinical data
and at least one prenatal sonogram before the scan of
the Doppler examination. The normal control group
consisted of 192 women with uncomplicated term preg-
nancies and actual birth weights between the 10th and
90th percentiles. Patients with gestational diabetes, pre-
term labor, antepartum hemorrhage, or maternal sys-
temic disease or on a regimen of tocolytic and antihy-
pertensive medications were excluded. Twenty-nine fe-
tuses were diagnosed with IUGR by actual birth weights
below the 10th percentile according to Brenner et al.®
Seventeen patients in this group also had preeclampsia,
chronic hypertension, or chronic hypertension with su-
perimposed preeclampsia. Patients partcipating in the

study were recruited from the Ultrasound Laboratory,
the High Risk Obstetrics Clinics, and the High Risk
Obstetrics Inpatient Unit at Yale-New Haven Hospital.
Only the last color Doppler examination before delivery
was included in the data analysis. The study protocol
has been approved by the Human Investigation Com-
mittee of Yale University, and verbal informed consent
was requested before enroliment.

All color and spectral Doppler examinations were
performed with an Acuson 128XP (Acuson Corp.,
Mountain View, Calif)) ultrasound machine and a
3.5MHz curvilinear transducer. All patients were exam-
ined while resting in the left lateral decubitus position.

Careful attention was paid to optimizing Doppler
settings for each individnal patient. Instead of fixed
function control settings, Doppler gain and flow velocity
settings were adjusted until maximal color Doppler
signals were obtained, without producing diffuse color
artifacts. Each placenta was scanned from multiple
incident angles to obtain the largest Doppler shift. We
used the lowest color Doppler filter of the equipment
(Accuson color Doppler filter 1 for low-velocity, low-
volume flow) to allow for the highest motion discrimi-
nation. Color resolution was maximized by narrowing
the sampling area to a 2 X 2 cm window, which was
moved over the gray-scale image of the placenta and
used to “screen” the placental tissue in a systematic
fashion. Furthermore, preprocessing variables were ad-
justed to utilize the smallest pixel size, and the color
Doppler scale and gain were set at the lowest and
highest feasible limit, respectively, without producing
artifactual noise. The maximal unaliased velocity range



Volume 171, Number 5
Am | Obstet Gynecol

Rotmensch et al. 1259

OB/AO/CO

Fig. 2. A, Color Doppler flow signals from two villous trees. B, Multiple generations of villous arterial
branches. C, Color coding of blood flow velocities demonstrating gradual slowing of flow toward the

basal plate.

utilized during the examination was 0.05 to 0.17 m/sec,
corresponding to a pulse repetition frequency of 454.5
to 1545.5 Hz.

After localization of blood flow with color Doppler, a
spectral Doppler display was obtained by superimpos-
ing the Doppler gate over the area of color flow on the
screen (Fig. 1). Fetal versus maternal arterial flow was
identified by the heart rate and the typical flow velocity
waveform. At least two intraplacental vessels in each
placenta were sampled except for the eight cases in
which no intraplacental flow could be detected. The
mean value of the pulsatility indexes was used for
analysis. Areas within 2 ¢m of the placental margin or
cord insertion were not sampled, in accordance with
histologic findings by Giles et al.” The intraobserver and
interobserver error (coefficient of variation) in spectral
Doppler measurements of villous arteries was 7.9% and
9.1%, respectively.

Assignment of Apgar scores to vaginally delivered
neonates without distress was performed by the obstet-
ric nursing staff. Operatively delivered fetuses or vagi-

nally delivered fetuses requiring resuscitative support
were assigned Apgar scores by the neonatology team.

Fetal distress was defined as an abnormal fetal heart
rate tracing or biophysical profile, which required im-
mediate delivery in the judgment of the delivery atten-
dant. Intraplacental color Doppler flow findings were
not available to the delivery attendants. Umbilical ar-
tery Doppler findings were usually known. In five cases
the diagnosis of fetal distress was made before labor,
since the ominous fetal heart rate tracing precluded
induction of labor. In four cases the diagnosis was made
in labor and substantiated by a fetal scalp blood pH of
<7.20. Newborn umbilical vein blood gas values were
available in 14 of the 29 IUGR cases. Linear regression,
Fisher’s exact test, and the Wilcoxon rank sum test were
used for statistical analysis.

Placentas were submitted for histopathologic exami-
nation in only 17 of the 29 IUGR cases, because in some
cases the presence of IUGR was only retrospectively
recognized, when the newborn was weighed in the
nursery. The available specimens included all 8 TUGR
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Fig. 3. Intraplacental color Doppler flow image in a pregnancy with severe IUGR. Only small motion

artifacts are noticeable at optimal system settings.

cases without intraplacental color Doppler flow and 9
IUGR cases with detectable intraplacental color Dopp-
ler flow. The pathologist was unaware of the placental
color Doppler findings obtained before delivery. Histo-
pathologic findings consistent with uteroplacental in-
sufficiency were categorized as mild, moderate, or se-
vere, on the basis of a semi-quantitative scoring system
that is routinely used at Yale—~New Haven Hospital.

Results

A minimum of two intraplacental fetal arteries could
be detected by color Doppler flow in all 192 normal
pregnancies (Fig. 2, A), and in most cases three to five
villous arteries were easily detectable. Typically, two to
four generations of arterial branching could be ob-
served under optimal conditions (Fig. 2, B). The veloci-
ties were usually the highest in the main stem artery, as
demonstrated by color coding, and gradually decreased
toward the basal platc (Fig. 2, C). However, spectral
Doppler signals could be obtained in all layers of the
placenta, from the chorionic plate to the basal plate. No
systematic differences were found in pulsatility index
values of villous arteries in correlation with distance
from the chorionic plate in a subset of 60 patients, in
whom this aspect was investigated. In 8 of 29 IUGR
pregnancies (27.6%), no intraplacental fetal blood flow
could be detected (Fig. 3), as compared with 0 of 192
normal pregnancies (p < 0.0001). Four of these eight
pregnancies were delivered by emergency cesarean sec-
tions for severe fetal distress before labor as evident on
antenatal fetal heart rate testing or biophysical profile
scores of 0 and 2 out of 10. Median Apgar scores at 1
minute in cases with and without intraplacental color

Doppler flow were 8 and 5 (p < 0.05), respectively, and
at 5 minutes were 8 and 8 (not significant). Umbilical
vein blood gas values confirmed fetal hypoxemia in all
four cases (Po, range from 9 to 27 mm Hg) and all
fetuses had low pH values (7.22 to 7.28) below the 5th
percentile for gestational age by criteria for nonlabor-
ing patients.'® Cord blood gas values were only available

" for seven of the remaining IUGR cases, which did not

allow for a statistical comparison of acid-base param-
eters between fetuses with and without detectable intra-
placental color Doppler flow.

Fig. 4 shows regression curves for pulsatility indexes
of the umbilical and intraplacental arteries. Both de-
creased with advancing gestational age. However, the
villous artery pulsatility index remained consistently
lower in absolute values throughout gestation (p <
0.001), even though the difference narrowed with ad-
vancing gestational age.

Fig. 5 shows the regression curve and the 5% and
95% confidence limits for pulsatility index values of
intraplacental fetal arteries in normal pregnancies, as
related to gestational age, and individual data for [UGR
cases. Only 1 of 21 IUGR cases with detectable intra-
placental color Doppler flow (4.8%) was associated with
an abnormally high intraplacental artery pulsatility in-
dex (>95% confidence limit), whereas 8 of 21 cases
(38.0%) had abnormal umbilical artery pulsatility in-
dexes (Fig. 6). Interestingly, the abnormal villous artery
pulsatility index was concurrent with a normal umbilical
artery flow velocity waveform, whereas all cases of ab-
normal umbilical artery flow velocity waveforms were
associated with normal villous flow velocity waveforms.
In two cases reversed diastolic flow in the umbilical
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Fig. 4. Regression curves for umbilical artery and villous artery pulsatility indexes (PI).
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Fig. 5. Villous artery pulsatility indexes (PI) of normal and JUGR pregnancies.

artery was observed concurrent with normal diastolic
forward flow in multiple intraplacental vessels (Fig. 7, A
and B).

Five of eight placentas (62.5%) in which no intrapla-
cental color Doppler flow was antenatally detectable
were classified by the pathologist as demonstrating
“severe uteroplacental insufficiency,” and three placen-
tas were categorized as “moderate” and “mild.” Two
placentas contained massive infarcts, involving >30%
of the placental tissue. Of the nine placental specimens
of TUGR with antenatally detectable intraplacental
color Doppler flow, 2 (22.2%) were classified as showing
“severe uteroplacental insufficiency,” 4 (44.4%) were
“moderate,” and 3 (33.3%) were “mild.” Sample sizes

were insufficient for a meaningful statistical comparison
between the two groups.

Comment

We examined intraplacental fetal blood flow charac-
teristics in normal and IUGR pregnancies with the use
of color Doppler flow mapping and spectral flow veloc-
ity waveform analysis of villous arteries. The main
findings of this study are that color Doppler equipment
can invariably visualize the fetal intraplacental vascula-
ture in normal pregnancies but fails to do so in 27% of
pregnancies with IUGR. However, contrary to our ex-
pectations, when placental color Doppler flow signals
are detectable in the setting of IUGR, villous artery
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Fig. 6. Umbilical artery pulsatility indexes (PI) of fetuses with IUGR and detectable intraplacental

flow.

pulsaiility index values are usually within the normal
range, even when umbilical artery pulsatility index
values are extremely abnormal.

Color Doppler equipment uses a pulse-echo tech-
nique to receive Doppler shifts created by a moving
sound reflector and display the magnitude of the shift
in brightness of color. The type of color displayed is
arbitrary but, once selected, corresponds to the direc-
tion of flow as detected by a positive or negative
Doppler shift. Most high-performance equipment can
detect flow velocities as low as 1 cm/scc. This feature has
been used for the visualization of low-velocity and
low-volume circulations such as tumor neovasculariza-
tion in the ovary.'' Hsieh et al.'* successfully visualized
intraplacental fetal arteries in 39 normal pregnancies
and demonstrated the feasibility of performing super-
imposed spectral Doppler examinations in this circula-
tion. The successful Doppler examination of villous
arteries in 192 normal pregnancies in our series con-
firms the applicability of this approach for the investi-
gation of fetal placental blood fow.

The reasons for the lack of intraplacental color
Doppler flow signals in 8 of our 29 IUGR cases can only
be speculated on at this point. It is unlikely that this
finding resulted from complete lack of placental perfu-
sion because all of these fetuses were born alive, albeit
depressed. Failure to demonstrate color Doppler flow
in an organ in which blood is presumably present can
be due to any one of four factors or a combination
thereof: (1) lack of system optimization for flow detec-
tion, (2) physical obstacles to sound transmission, (3)
volume flow below the detectable threshold, and (4)
flow velocity below the detectable threshold.

We paid careful attention to system optimization for
cach individual patient in this study, as outlined in the

Methods section. Furthermore, visualization of intrapla-
cental color Doppler flow was successful in all 192
normal cases. It is unlikely therefore that inappropriate
system settings could explain the absence of color
Doppler flow in the 8 IUGR cases.

With regard to potential physical obstacles, morbid
maternal obesity can occasionally interfere with sound
wave transmission. However, none of the 8 IUGR cases
in our series occurred in obese mothers. Therefore we
do not believe that impaired sound wave transmission
was responsible for our findings.

We speculate that decreased volume flow, flow velocity,
or a combination of both, is the likely cause of undetect-
able intraplacental color Doppler flow. The primary de-
terminant of umbilical-placental blood flow is the size
and anatomy of the vascular bed. Even though histo-
pathologic examination of available placentas from our
series indicated a trend toward more severe uteroplacen-
tal insufficiency, sample sizes were insufficient to conclu-
sively demonstrate that occlusive vascular abnormality is
responsible for the observed color Doppler findings.
Since neural control of villous blood flow is apparently
nonexistent and biochemical control appears to be rela-
tively limited under physiologic conditions,'* vasospasm
is an unlikely explanation.

Multiple studies have demonstrated that the intrapla-
cental vascular anatomy of fetuses with IUGR is altered
and the vascular bed size appears to be reduced. Alt-
shuler et al.™* provided histopathologic evidence for a
high incidence of obliterative lesions in stem and ter-
minal villi in placentas of fetuses with IUGR. Lee and
Yeh" found that latex-injection corrosion casts of pla-
centas in cases of IUGR display less branching of
arteries and veins and more irregularities in luminal
size as compared with placentas of normal fetuses. Las
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Fig. 7. A, Reversed diastolic flow in the umbilical artery of a fetus with severe IUGR at 28 weeks’
gestation. B, Normal intraplacental flow velocity waveforms in the same fetus. The spectral display of
the villous artery flow velocity waveforms is bidirectional because of an incident angle approximating
90 degrees. Even with this large incident angle, abundant diastolic forward flow is observed.

Heras et al.'* concluded from a carefully conducted

morphometric study that a significant reduction in the
luminal diameter of villous stem arteries occurs in
association with maternal hypertension and low birth
weight.

The relevance of these anatomic findings to Doppler
flow studies of the umbilical-placental circulation has
been demonstrated by Giles et al. In their study umbili-
cal artery flow velocity waveform patterns of increased
resistance correlated well with a decreased arterial ves-
sel count in tertiary stem villi.* Most pregnancies in this
series were complicated by IUGR, preeclampsia, or
both. It is conceivable therefore that anatomic changes
in the intraplacental vascular anatomy of the IUGR
cases reduced volume flow and/or flow velocity below
the detectability threshold of our equipment. This is
further supported by the finding of abnormal umbilical
artery Doppler indexes in 5 of the 8 IUGR cases with
undetectable intraplacental color Doppler flow, indicat-
ing increased downstream resistance in the placenta. A
vascular morphometric study is currently in progress to
examine this hypothesis.

It is equally conceivable that hemodynamic factors
related to fetal cardiac output and redistribution of
blood flow could explain the lowered placental perfu-
sion. Reed et al.'"” found the ratio of right-sided to
left-sided volume flow in the heart to be increased in
fetuses with IUGR, suggesting that alterations in left
ventricular function are associated with absence of end-
diastolic flow in the umbilical artery. Furthermore, fetal
acidosis has a cardiac depressant effect, which could
further reduce placental perfusion.

Anecdotally, we have obscrved disappearance of in-
traplacental color Doppler flow signals in two cases of
severe IUGR within a 3-day period, which would sug-
gest an upstream cardiovascular factor or, alternatively,
widespread acute thrombosis in the villous vascular bed.
However, our study was not designed to obtain longi-
tudinal data, and therefore no firm conclusions can be
drawn from these findings.

Contrary to our expectations, Doppler velocimetry of
the villous arteries does not appear to be a sensitive tool
for the identification of the compromised fetus. Dopp-
ler flow indexes were within the normal range in all but
one of the 21 IUGR cases with detectable intraplacental
flow. In comparison, 8 of 21 (38.0%) umbilical artery
Doppler indexes in this group were abnormal. In fact,
the discordance between abnormal umbilical artery
Doppler indexes and normal villous artery Doppler
indexes in the same fetus are conceptually difficult to
reconcile. In the most extreme cases of discordance,
reversed diastolic flow in the umbilical artery was ob-
served concurrently with normal diastolic forward flow
in the intraplacental circulation. One possible explana-
tion could be based on the assumption of an uneven
distribution of vascular occlusion among villous arteries
in the placenta. Umbilical artery Doppler indexes re-
flect the total resistance of the placental vascular bed. In
contrast, Doppler examination of villous arteries is
performed on individual vessels that are “self-selected”
by their prominent color Doppler appearance but re-
flect only local flow and resistance within a particular
villus. If we assume that critical stenosis or occlusion of
a large number of villous arteries rendered them unde-
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tectable by color Doppler equipment, whereas others
remained patent and possibly accommodated larger
volume flow by an increased flow velocity, such an
assumption could reconcile the contradictory observa-
tions of increased overall resistance of the placental
circulation and normal resistance and flow detection in
an isolated villus.

Whether the absence of intraplacental color Doppler
flow patterns will prove to be useful as a predictor of
fetal compromise in fctuses with ITUGR remains to be
seen. In our population this finding appeared to occur
late in the course of fetal distress, as evidenced by
abnormal fetal heart rate tracings or biophysical pro-
files in all IUGR cases without flow detection. However,
selection bias related to patient referral patterns in our
institution could have had an impact on the results. All
of the patients without detectable placental flow were
referred for intensive management because of severe
TUGR, severe preclampsia, suspected abruptio placen-
tae, or a combination of these. A prospective study is
needed to determine at which point in the development
of fetal distress intraplacental color Doppler flow be-
comes undetectable.

We conclude that failure to detect intraplacental
color Doppler flow signals is associated with IUGR and
fetal distress. Flow velocity waveforms of detectable
villous arteries are usually normal in IUGR, even in the
presence of an extremely abnormal umbilical artery
flow velocity waveform. The role of this finding in
assessing well-being of fetuses with IUGR remains to be
determined in a prospective study.
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