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Objective. To explore whether the umbilical vein blood flow of growth-retarded fetuses with
normal Doppler parameters changes over time differently to that of normally grown fetuses.
Methods. Fifteen consecutive women whose fetus was diagnosed to be growth restricted
were compared with 30 women whose fetus was normally grown. Two ultrasonographic
evaluations were conducted at 2-weekly intervals (∫2days) in all cases. At each sonographic
evaluation, umbilical vein blood flow parameters were obtained by digital color Doppler
velocity profile integration. To allow comparisons among fetuses, the umbilical vein blood
flow per minute was normalized for abdominal circumference.
Results. The absolute vein blood flow was lower in growth-retarded than in normally grown
fetuses (209ml/min∫73 vs. 313ml/min∫72, p�0.01). The median (range) umbilical vein
blood flow normalized for abdominal circumference was significantly lower in growth-
retarded than in normally grown fetuses at the first [0.70 (0.32; 1.15) vs. 1.11 (0.65; 2.07), p
�0.05] and at the second [0.71(0.30; 1.09) vs. 1.14 (0.69; 2.05), p�0.05] sonographic
evaluation. The difference in umbilical vein blood flow normalized for abdominal
circumference between the second and the first examination was significantly lower in growth-
retarded than in appropriate for gestational age fetuses [ª0.005 (ª0.08; 0.06) vs. 0.02
(ª0.08; 0.1), p�0.05].
Conclusion. This study demonstrates that umbilical vein blood flow normalized for
biometric parameters is lower in growth-retarded fetuses than in healthy fetuses even in the
absence of umbilical artery Doppler abnormalities.
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Uteroplacental insufficiency is a major cause of
perinatal mortality and morbidity in growth-re-
stricted fetuses (1). The use of artery Doppler
velocimetry of different feto-placental vascular
areas has been used to assess fetal well being with
the aim of preventing neonatal sequelae (2). Se-
verely impaired feto-placental blood flow char-
acterized by absent or reversed diastolic flow in the
umbilical artery has been associated to an in-
creased fetal risk of perinatal morbidity and mor-
tality (3,4). However, it has been demonstrated
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that Doppler waveform analysis of the umbilical
artery blood flow is a nonsensitive method to de-
tect mild to moderate reduction in placental flow
(5–8). An alternative approach to evaluate placen-
tal function is to measure the umbilical vein blood
flow. Laurin et al (9) demonstrated that the diag-
nostic accuracy of umbilical venous flow assess-
ment was better than umbilical artery Doppler
evaluation to identify fetuses at increased risk of
adverse neonatal outcome. Recent studies have
shown that umbilical vein blood flow quantifi-
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cation is feasible and reproducible starting in the
second trimester of gestation (10–12). Moreover,
the introduction of new technologies such as the
digital color Doppler velocity profile integration
allows a fast and simple method for blood flow
quantification (13).

Absolute umbilical vein blood flow increases as
a function of gestational age and it is strongly cor-
related with umbilical vein diameter (10). Ferrazzi
et al (11) recently reported that umbilical vein
blood flow is significantly reduced in intrauterine
growth restricted (IUGR) fetuses, as they noted a
relationship between umbilical vein blood flow and
the degree of fetal compromise. Moreover, Gill
et al (14) reported that a reduction in the umbilical
vein blood flow might be present up to 3weeks be-
fore the fetal growth failure is detectable by con-
ventional biometric measurements.

Intrauterine growth restriction fetuses occurring
late in gestation with normal Doppler parameters
in the absence of fetal or maternal diseases repre-
sent a distinct group of fetuses with a low but not
negligible risk of perinatal complications (15).
Therefore, we sought to explore whether umbilical
vein blood flow in these fetuses changes over time
differently to that of normally grown fetuses.

Materials and methods

Fifteen consecutive women whose fetus was diag-
nosed to be IUGR and referred to our department
for fetal Doppler evaluation in the third trimester
of gestation were compared to 30 women whose
fetus was appropriate for gestational age (AGA).
Matching criteria were gestational age at examina-
tion (∫2days) and parity. Inclusion criteria were
(1) singleton gestation (2), intact membranes (3),
absence of congenital or chromosomal abnormali-
ties (4), absence of pregnancy complications (i.e.
hypertensive disorders, diabetes) (5), normal amni-
otic fluid, and (6) umbilical artery pulsatility index
within the normal range for gestational age. For
each case of IUGR fetus included in the study, the
subsequent two women undergoing routine sono-
graphic examination whose fetus was AGA and
who met both the matching and inclusion criteria
were enrolled in the study.

In all patients, gestational age was determined
by a reliable recollection of the last menstrual
period and by an ultrasonographic examination
before 20weeks of gestation. Two ultrasonographic
evaluations were conducted at 2-weekly intervals
(∫2days) in all cases. As the second sonographic
evaluation was performed after 34weeks of ges-
tation in all patients and no umbilical artery
Doppler abnormalities were detected, patients
were further managed by the referring obstetrician.
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The ultrasonographic evaluation included the
measurement of fetal anthropometric parameters
(biparietal diameter, abdominal circumference, fe-
mur length), the computation of umbilical cord
and umbilical vessels’ cross-sectional areas, Doppl-
er interrogation of the umbilical arteries and the
estimation of the blood flow through the umbilical
vein. The umbilical cord measurements were ob-
tained as previously described (16,17). Intra- and
interobserver variabilities were 4.3 and 5.1%, re-
spectively (18). Umbilical artery Doppler flow
velocity waveforms were recorded when at least
three consecutive waveforms showing a consistent
pattern were obtained. The umbilical vein blood
flow was measured by digital color Doppler velo-
city profile integration. This function specifies an
arbitrary line on a playback color Doppler image,
displays the waveform of the accuracy data con-
cerning each pixel on the specified line as a profile,
indicates changes in brightness as waveform data,
and integrates data corresponding to several
frames and displays it as a blood flow. Doppler
parameters were obtained at three different parts
of the umbilical cord. The mean of the parameters
obtained was used for the purpose of statistical
analysis. Mean flow velocity and flow volume per
minute were computed. To allow comparisons
among fetuses, the umbilical vein blood flow per
minute was normalized for abdominal circumfer-
ence and for head circumference. The pulsatility
index as well as the umbilical vein blood flow par-
ameters were measured during fetal apnea and in
the absence of uterine contractions. The ultra-
sound examinations were performed with an Alo-
ka Prosound 5500 unit (Aloka, Tokyo, Japan)
equipped with a 3.5-MHz transducer. No clinical
decisions were taken upon umbilical vein blood
flow parameters. Intra- and interobserver vari-
ability for the computation of the umbilical vein
blood flow were 7.1% and 8.7%, respectively.

A fetus was defined as IUGR when the abdomi-
nal circumference was below the 5th centile for ges-
tational age in the presence of normal previously
measured biometric parameters. An umbilical cord
was defined lean when its cross-sectional area was
below the 10th centile for gestational age (15). The
Human Research Review Committee approved this
study.

Statistical analysis

Statistical analysis was performed using SPSS 7.0
(SPSS Inc., Chicago, IL) and EpiStast 4.0 (EpiStat
Services, Richardson, TX). Mann–Whitney U-test,
Student t-test and analysis of variance for repeated
measurements were used for comparison of con-
tinuous variables, while proportions were analyzed
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using Fisher’s exact test. Statistical significance was
considered achieved when p was less than 0.05.

Results

The clinical characteristics of the study population
are shown in Table I. All IUGR fetuses had a
birthweight below the 10th centile for gestational
age. The indications for the performance of a
cesarean section in the IUGR group were breech
presentation (nΩ1), fetal heart rate disturbance in
labor (nΩ3), previous cesarean delivery (nΩ1)
and failed induction of labor (nΩ1), while in the
AGA group indications were breech presentation
(nΩ2), fetal heart rate disturbance in labor (nΩ
3), previous cesarean delivery (nΩ2) and arrest of
labor (nΩ1).

Table II displays the umbilical cord morpho-
metric characteristics at the two sonographic
evaluations. No difference was found in the um-
bilical cord morphometric characteristics between
the first and the second examination in both the
IUGR and AGA fetuses. The proportion of fetus-
es with a lean umbilical cord was higher among
the IUGR fetuses than among the AGA fetuses (6/
15 vs. 1/30, P�0.01). The absolute vein blood flow
was lower in the IUGR than in the AGA fetuses

Table I. Patient characteristics

Characteristics IUGR fetuses AGA fetuses Significance
(nΩ15) (nΩ30)

Maternal age (year) 30.3∫6.05 30.9∫5.91 NS
Nulliparous women 8 (53.3%) 16 (53.3%) NS
Gestational age at first examination (week) 33.7∫1.87 33.7∫1.84 NS
Gestational at delivery (week) 37.6∫1.53 39.1∫1.45 p�0.01
Cesarean delivery 6 (40%) 8 (26.7%) NS
5-min Apgar score �7 3 (20%) 0 pΩ0.03
Meconium-stained amniotic fluid 2 (13.3%) 1 (3.3%) NS
NICU admission 2 (13.3%) 0 NS
Birth weight (grams) 2433∫228 3306∫381 p�0.01

Data are presented as mean ∫SD or number (%).
IUGR, intrauterine growth restricted; AGA, appropriate for gestational age; NICU, neonatal intensive care unit.

Table II. Umbilical cord morphometry and umbilical artery Doppler characteristics

Characteristics First examination Second examination

IUGR fetuses AGA fetuses Significance IUGR fetuses AGA fetuses Significance
(nΩ15) (nΩ30) (nΩ15) (nΩ30)

Cord cross-sectional area (mm2) 124.1∫21.8 180.7∫44.5 p�0.01 128.6∫23.2 176.7∫41.3 p�0.01
Arteries cross-sectional area* (mm2) 10.3∫2.2 11.1∫3.8 NS 10.7∫1.9 11.3∫3.4 NS
Vein cross-sectional area (mm2) 35.5∫6.9 43.1∫10.2 p�0.01 34.2∫7.2 45.3∫10.1 p�0.01
Wharton’s jelly area (mm2) 72.4∫23.6 115.4∫45.7 p�0.01 70.4∫21.8 112.6∫48.7 p�0.01
Artery pulsatility index 0.94∫0.30 0.79∫0.19 p�0.05 0.96∫0.27 0.71∫0.17 p�0.05

Data are presented as mean ∫SD. *Both arteries (30 vs. 60).
IUGR, intrauterine growth restricted; AGA, appropriate for gestational age.
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either at the first (209∫73ml/min vs. 313∫72ml/
min, p�0.01) and at the second examination (213
∫75ml/min vs. 338∫65ml/min, p�0.01). No dif-
ference was found in the mean absolute umbilical
vein blood flow between the first and second ex-
amination in both the IUGR and the AGA fetuses.
The proportion of fetuses with an absolute vein
blood flow below the 5th centile for gestational age
at the first examination was higher among the
IUGR fetuses than among the AGA fetuses (6/15
vs. 1/30, p�0.01)(Figs1 and 2). This figure did not
change after the second examination (7/15 vs. 2/
30, p�0.01). The proportion of fetuses with a lean
umbilical cord was higher among the IUGR fetus-
es with an absolute vein blood flow below the 5th
centile at the second examination than among
those with normal umbilical vein blood flow (5/7
vs. 1/8, pΩ0.04).

Similarly, the proportion of fetuses with an ab-
solute vein blood flow below the 25th centile for
gestational age at the first examination was higher
among the IUGR fetuses than among the AGA
fetuses [8/15 (53.3%) vs. 5/30 (16.7%), p�0.01].
This figure also did not change after the second
examination [12/15 (80%) vs. 8/30 (26.7%), p�
0.01].

Figures3 and 4 show the umbilical vein blood



530 E. Di Naro et al.

Fig.1. Absolute umbilical vein blood flow in growth-retarded
fetuses at the first and second ultrasonographic examination
plotted on previously published reference ranges (8). (Dashed
lines represent the 5th, 50th and 95th percentile for gestational
age).

Fig.2. Absolute umbilical vein blood flow in appropriate for
gestational age fetuses at the first and second ultrasonographic
examination plotted on previously published reference ranges
(8). (Dashed lines represent the 5th, 50th and 95th percentile
for gestational age).
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Fig.3. Umbilical vein blood flow normalized for abdominal
circumference at the first examination in growth-retarded and
appropriate for gestational age fetuses.

Fig.4. Umbilical vein blood flow normalized for abdominal
circumference at the second examination in growth-retarded
and appropriate for gestational age fetuses.

flow normalized for abdominal circumference unit
in the IUGR and AGA fetuses. The median
(range) umbilical vein blood flow normalized for
abdominal circumference was significantly lower in
the IUGR fetuses than in the AGA fetuses at the
first [0.70 (0.32; 1.15) vs. 1.11 (0.65; 2.07), p�0.05]
and at the second [0.71 (0.30; 1.09) vs. 1.14 (0.69;
2.05), p�0.05] sonographic evaluation. Similarly,
the median (range) umbilical vein blood flow nor-
malized for head circumference was significantly
lower in the IUGR fetuses than in the AGA fetuses
at the first [2.35 (1.12; 3.62) vs. 3.45 (2.41; 6.25), p
�0.05] and at the second [2.41 (1.04; 3.72) vs. 3.63
(2.71; 6.31), p�0.05] sonographic evaluation.

The difference in umbilical vein blood flow nor-
malized for abdominal circumference between the
second and first examination was significantly
lower in the IUGR than in the AGA fetuses [ª
0.005 (ª0.08; 0.06) vs. 0.02 (ª0.08; 0.1), p �0.05]
(Fig 5). The vein blood flow mean velocity was sig-
nificantly lower in the IUGR than in the AGA
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Fig.5. Difference between the second and first examination (D)
of the umbilical vein blood flow normalized for abdominal cir-
cumference in growth-retarded and appropriate for gestational
age fetuses.

fetuses in both the first (7.5cm/s∫2.8 vs. 11.7cm/
s∫3.4, p�0.01) and second examination (7.1cm/
s∫3.1 vs. 11.2cm/s∫2.9, p�0.01).

The umbilical artery pulsatility index was not
different between the IUGR and AGA fetuses at
both the first and second examination.

Although not statistically significant, two of the
seven IUGR fetuses who had an umbilical vein
blood flow below the normal range were admitted
to the neonatal intensive care unit (NICU) because
of respiratory distress syndrome, while none of the
IUGR fetuses with normal umbilical vein blood
flow were admitted to the NICU.

At delivery, the hematocrit values were obtained
in 13 of the IUGR fetuses. Of these, six had an
umbilical vein blood flow below the 5th centile for
gestational age at the second examination and
seven had an umbilical vein blood flow within the
normal range. The proportion of fetuses with a
hematocrit value greater than 60% was higher in
the former than in the latter group (4/6 vs. 0/7, pΩ
0.02).

Discussion

This study shows that the absolute umbilical vein
blood flow is significantly lower in IUGR fetuses
with normal umbilical artery Doppler parameters
compared with AGA fetuses. This is in agreement
with the results of Ferrazzi et al (11) who meas-
ured umbilical vein blood flow in growth-retarded
fetuses between 24 and 40weeks of gestation. Con-
versely, our results are at variance with those of
these authors who did not find a significant reduc-
tion in the umbilical vein blood flow of IUGR
fetuses with normal pulsatility index of the umbili-
cal artery when the blood flow was expressed per
unit abdominal circumference. The reason for this
discrepancy might be explained by the higher num-
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ber of IUGR fetuses with normal Doppler par-
ameters in the present study. Indeed, Ferrazzi et al
(11) reported that three out of five fetuses with
these characteristics presented an umbilical vein
blood flow normalized for abdominal circumfer-
ence below the 5th centile for gestational age.

The important observation of our study is that
there is a progressive reduction of the umbilical
vein blood flow over time in IUGR fetuses even in
the presence of normal umbilical artery Doppler
parameters. This supports the observation of pre-
vious investigators who reported a poor corre-
lation between umbilical artery Doppler par-
ameters and fetal growth retardation (9,20). Fur-
thermore, animal experiments have shown that
when the blood flow is reduced by cord occlusion
and placental embolization, significant changes in
umbilical artery Doppler values became apparent
only when the placental blood flow is severely im-
paired (5–9,21).

According to Poiseuille’s law, the three factors
that might influence blood flow are the caliber of
the vessel, the blood flow velocity, and the viscosity
of the blood. Our group has previously reported
that the vein blood flow is lower in fetuses with an
umbilical cord cross-sectional area below the 10th
centile than in those with an umbilical cord of nor-
mal caliber (13). Moreover, Lees et al (10) demon-
strated that the most important parameter influ-
encing the increase of umbilical vein blood flow in
normal fetuses is the umbilical vein cross-sectional
area. In the present study the umbilical vein area
was significantly lower in IUGR fetuses than in
normally grown fetuses. As we and Weissmann
(22,23) have previously demonstrated that the um-
bilical vein size does not change significantly dur-
ing the third trimester of pregnancy, the reduction
of umbilical vein blood flow in IUGR fetuses
might be in part explained by variations of the
other two parameters: flow velocity and viscosity.
Although blood flow velocity measurements are
difficult to correctly obtain, it seems that in IUGR
fetuses the umbilical blood flow velocity increase
normally present in healthy fetuses with advancing
gestation does not occur (10). The result of the
present study agrees with those of Ferrazzi et al
(11) and of Jouppila et al (24), who found that
IUGR fetuses had a lower mean umbilical vein
blood flow velocity than AGA fetuses.

A possible explanation for the reduced umbilical
vein blood velocity in IUGR fetuses is the different
blood viscosity between these fetuses and AGA
fetuses. Jouppila et al (24) reported that an inverse
correlation exists between umbilical vein blood vis-
cosity and both umbilical blood flow volume and
velocity. Furthermore, these authors found that
umbilical cord blood viscosity is significantly in-



532 E. Di Naro et al.

creased in IUGR fetuses without maternal or fetal
diseases compared with AGA fetuses. Moreover,
Drew et al (25) described a significantly higher rate
of blood hyperviscosity in IUGR infants than in
AGA newborns. Finally, Weiner et al (26) noted
that, regardless of the etiology, the hematocrit, a
major determinant of blood viscosity (27), is in-
creased in IUGR fetuses in comparison with
healthy fetuses. Considering that IUGR fetuses
with abnormal umbilical artery Doppler par-
ameters have a lower mean umbilical vein blood
flow velocity than IUGR fetuses with normal
Doppler parameters (7,20), it is reasonable to hy-
pothesize that the viscosity of the umbilical vein
blood is correlated with the degree of placental in-
sufficiency.

Another interesting observation of the present
study is that umbilical artery Doppler pulsatility
indices were not significantly different between the
first and the second examination, while this was
not the case for the umbilical vein blood flow. This
is in keeping with the study by Sutton et al (28)
who reported that the calculation of the umbilical
vein blood flow might provide a better index of
placental perfusion than the umbilical artery velo-
city ratio.

A limitation of the present study is that the um-
bilical vein blood flow estimation was performed
in fetuses that were already growth retarded. Con-
sidering that, in IUGR fetuses, umbilical cord
morphometric changes are often present in the sec-
ond trimester (19), further longitudinal studies
should be conducted to investigate which is the
temporal relationship between umbilical vein
blood flow alterations and the overt manifestation
of fetal growth restriction.
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