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Objectives—Umbilical vein flow (UVF) is reduced in fetal growth restriction
(FGR). We compared absolute and size-adjusted UVF (estimated fetal weight
[EFW] and abdominal circumference [AC]) and rates of abnormal UVF param-
eters (<10th percentile) among FGR fetuses meeting Delphi criteria (FGR-D)
against small for gestational age (SGA) fetuses and appropriate for gestational
age (AGA) controls.

Methods—Absolute UVF, UVF/EFW, and UVF/AC were compared between
73 FGR pregnancies (35 FGR-D, 38 SGA) and 108 AGA controls. Rates of
abnormal UVF were compared to abnormal umbilical artery pulsatility index
(UAPI). Independent samples t-tests, Mann–Whitney U, odds ratio (OR),
chi-squared, and Fisher’s exact tests were used as appropriate.

Results—Mean absolute UVF was significantly decreased in FGR-D compared to
AGA (P = .0147), but not between SGA and AGA fetuses. The incidence of both
abnormal absolute UVF and UVF/AC values (<10th centile) was higher among
late-onset FGR fetuses versus AGA fetuses (UVF: OR 2.7, confidence interval
[CI] 1.37–5.4; UVF/AC: OR 2.73, CI 1.37–5.4). UVF was more frequently abnor-
mal than UAPI and in only two fetuses were both Doppler values abnormal.

Conclusion—Absolute UVF is altered in late-onset FGR, and most pronounced
among FGR-D. UVF may provide additional insight into fetal compromise in
those affected by growth restriction.
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late-onset fetal growth restriction; placental blood flow; umbilical venous flow

Interest in umbilical vein flow (UVF) arose more than three
decades ago when investigators began assessing flow in animal
models and in normally grown and undergrown human fetuses

with the idea of using this as a diagnostic tool in managing fetal
growth restriction (FGR).1–3 In a longitudinal study, there was
evidence that UVF reduction, adjusted for fetal size, preceded
biometric evidence of growth restriction by several weeks in the
early third trimester.4 Ferrazzi et al5 found a correlation between
reduction of UVF and abnormal umbilical artery pulsatility index
(UAPI) in FGR fetuses with nonreactive fetal heart rate tracings.
Para-Saavedra et al6 found that employing UVF along with middle
cerebral artery pulsatility index (MCAPI) in a stepwise diagnostic
approach was useful in identifying pregnancies requiring cesarean
delivery and was associated with a low umbilical cord blood
pH. Most recently, Rizzo et al7 found that abnormal UVF was a
better predictor of adverse neonatal outcome in fetuses diagnosed
with FGR than UAPI, uterine artery PI or MCAPI.
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Since fetuses with EFW < 10th percentile
(centile) encompasses fetuses that may have both low
rates and very high rates of mortality and morbidity,
it is important to identify those fetuses at greatest risk
for adverse outcome so that appropriate fetal surveil-
lance can be implemented to decrease the risk for
adverse outcome. In an attempt to separate FGR
from constitutionally small fetuses (small for gesta-
tional age [SGA]), a group of perinatal experts identi-
fied diagnostic criteria through a Delphi consensus
procedure. These criteria allow for the delineation of
fetuses with an EFW < 10th centile at greatest risk
for adverse outcome (FGR fetuses meeting Delphi
criteria [FGR-D]) from those SGA fetuses who are
“constitutionally small.”8 The resulting Delphi defini-
tions for FGR versus SGA were later incorporated
into management guidelines for FGR published by
the International Society of Ultrasound in Obstetrics
and Gynecology (ISUOG).8,9 Table 1 represents a
condensed version of these criteria. UVF assessment
has not been investigated in FGR pregnancies where
the fetuses were stratified in to severe (FGR-D) and
nonsevere (SGA) groups as suggested by the ISUOG
guidelines. Using ISUOG guidelines, we hypothesized
that those fetuses, defined by Delphi criteria as having
late-onset growth restriction (FGR-D), would have
decreased UVF compared to AGA controls and a sim-
ilar reduction in absolute and size-adjusted UVF
among FGR-D and SGA fetuses.

Therefore, the objectives of this study were as
follows: 1) determine whether absolute UVF, UVF/EFW,
and UVF/AC, using gestational age as the independent
variable, were significantly decreased between late-onset
FGR-D and SGA fetuses and AGA controls; 2) determine
if differences in umbilical vein flow variables correlated
with other outcome variables such as birth metrics, need
for cesarean delivery, or presence of at least one adverse
neonatal outcome; and 3) determine how often reduced
UVF correlated with elevated UAPI, the most frequently
used Doppler method for assessing fetal status in FGR.10

Materials and Methods

This was a prospective observational study of preg-
nancies affected by late-onset FGR recruited at a sin-
gle ultrasound site in Denver, Colorado. Institutional
Review Board (IRB) approval was obtained from the

Colorado Multiple Institutional Review Board and
informed consent was obtained from all study partici-
pants (IRB number 14-1360, date of approval
May 29, 2015). Control data in patients with AGA
fetuses in California were obtained as part of a study
approved by the Pearl IRB (protocol #21-FEDC-101,
Indianapolis, IN).11 These AGA control data were
taken from a large cohort of normal pregnancies in
order to create a nomogram for umbilical vein flow.

The study cohort consisted of 73 subjects who
were >18 years of age, had ultrasound gestational age
assessment before 20 weeks, and whose ultrasounds
showed no evidence of fetal anomalies. Inclusion
required fetuses to have an EFW < 10th centile at the
time of study enrollment. Ultrasound measurements
from the last complete examination prior to delivery were
used for analysis. Fetuses with a diagnosis of FGR at or
beyond 32 weeks gestational age were included to exam-
ine only those fetuses with late-onset growth restriction.
EFWs were based on measurements of the head circum-
ference, biparietal diameter, AC, and femur length,12 and
centiles were assigned according to a population-based
in-utero growth curve by Hadlock et al.13

Doppler waveforms were obtained from both
umbilical arteries inside a free-floating loop of umbili-
cal cord with the vessels running parallel to the ultra-
sound beam. The UAPIs from both arteries were
averaged. Doppler waveforms from the middle cere-
bral artery (MCA) were obtained from the near-side
vessel exiting the circle of Willis at an insonation
angle as close as possible to 0�.

To measure UVF, a free-floating loop of umbili-
cal cord was chosen for analysis. The vessel diameter
was measured from a longitudinal 2D image obtained

Table 1. Delphi Consensus-Based Definitions for Late Growth
Restriction8,9

Late FGR: GA ≥ 32 Weeks With No Congenital Abnormalities

AC or EFW less than 3rd centile
Or at least two of the three:
1. AC or EFW less than 10th centile
2. AC or EFW crossing centiles greater than 2nd quartiles on

growth centiles
3. CPR less than 5th centile or UAPI greater than 95th centilea

GA, gestational age; AC, fetal abdominal circumference; EFW, esti-
mated fetal weight; PI, pulsatility index; UA, umbilical artery; CPR,
cerebroplacental ratio.
aGrowth centiles are noncustomized centiles.
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at 90� to the angle of insonation (Figure 1) and/or from
a cross sectional image of the 3-vessel cord (Figure 2) as
previously described.1,5 Calipers were placed between the
inner walls of the vein to measure the diameter (Figures 1
and 2). The time-averaged maximum velocity (TAMAX)
was measured when the blood flow was parallel (0�) to
the ultrasound beam (Figure 3). All 2D and Doppler
images were obtained during fetal quiescence. UVF was
calculated using the formula14:

UVF mL=minð Þ¼TAMAX� 0:5�π D=2ð Þ2�60
� �

UVF was normalized by kilogram fetal weight
(UVF/EFW), and by the abdominal circumference in
centimeters (UVF/AC). Centiles for absolute UVF,
UVF/EFW, and UVF/AC were calculated based on
Z-score analysis from control data from DeVore
et al11 and centiles for UAPI and cerebroplacental
ratio (CPR) were based on previously published
data.15–18 The same UVF measurement technique
was utilized for the study cohort and the separately
obtained AGA controls.

The FGR cohort was divided into FGR-D
(EFW < 10th centile with abnormal Doppler studies,
UAPI >95th centile or CPR < 5th centile or an EFW
or AC < 3rd centile) versus SGA (EFW between the
3rd and 10th centiles with a normal Doppler study
of the UAPI and CPR) according to ISUOG
guidelines.8–10 Measures of adverse neonatal outcome
were based on the study by Rizzo et al7 and consisted
of the following: need for admission to the Newborn
Intensive Care Unit (NICU), need for emergency

cesarean delivery due to fetal distress, and Apgar
<7 at 5 minutes. Although other investigators have
included umbilical artery pH less than 7.1 in their
combined measure of adverse neonatal outcomes, we
excluded this variable due to insufficient data.7

Statistical Analyses
SPSS Statistics version 28 software (IBM) was used
for statistical analyses. Demographic and clinical char-
acteristics were compared using independent samples
t-tests. Mann–Whitney U tests and Chi-squared tests
were used for continuous, non-normally distributed,

Figure 1. Umbilical vein longitudinal view in which the diameter of
the vein is measured in centimeters.

Figure 2. Umbilical vein cross-sectional view. D is the diameter of the
vein in centimeters (cm); A is the area of the vein in cm2. C is the cir-
cumference of the vein in cm. D2 is the diameter of the vein computed
from the automated tracing of the area and circumference.

Figure 3. Umbilical vein time average maximal velocity (TAMX).
UmbV-TAMX is the measured maximal velocity of umbilical vein
flow in cm/s.
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and categorical variables. Fisher’s exact test was used
for any categorical variables consisting of cells with an
expected count less than 5. Data are presented as
mean � standard deviation, with a significance level
of 95% (or P value of <.05). Odds ratios were com-
puted using 5 and 95% reference intervals, and
P < .05 was considered significant.

Results

Our cohort included 35 fetuses meeting criteria for
FGR-D and 38 fetuses that were SGA. There were
108 fetuses that comprised the AGA control data
base.11 Baseline demographics are presented in
Table 2. Mean gestational age at the time of analysis
was similar between FGR-D and SGA fetuses
(FGR-D: 35.59 � 1.46, 35.69 � 1.64; P = .804). The
gestational age at delivery, EFW and AC at the time of
ultrasound, and neonatal birthweight were different
between FGR-D and SGA patients, reflecting the dif-
ferences in definition and standard delivery criteria
management of these groups (Tables 2 and 3).

Mean absolute UVF was significantly reduced in
the FGR-D compared to AGA fetuses (P = .0147)
(Table 3). There was no difference in absolute UVF
between FGR-D and SGA, or SGA and AGA fetuses.
When absolute UVF was adjusted by EFW, there
were no differences found between groups. Similarly,

when absolute UVF was adjusted by AC, there were
no differences found between groups (Table 3).

However, when using odds ratio (OR) analysis
based on abnormal UVF thresholds being <10th
centile, additional significant differences were noted.
All fetuses with late-onset FGR (combination of
FGR-D and SGA together) had a higher likelihood of
an abnormal UVF (OR 2.7, confidence interval
[CI] 1.37–5.4) and abnormal UVF/AC (OR 2.73, CI
1.37–5.4) compared to AGA controls (Table 4).
When FGR-D and SGA groups were examined sepa-
rately, only the FGR-D group had a significantly
increased number of fetuses with abnormal values
<10th centile for UVF (OR 4.12, CI 1.8–9.5) and
UVF/AC (OR 3.6, CI 1.6–8.3) compared to AGA
controls (Table 4). The number of fetuses with an
UVF/EFW < 10th centile was not different between
study groups (Table 4).

Absolute UVF values below the 10th centile
(Z-score < �1.28) were present in 31.4% FGR-D
and 15.8% SGA fetuses (Table 4). UVF values
adjusted by AC below the 10th centile were present
in 28.6% of FGR-D and 18.4% of SGA fetuses
(Table 4). When adjusted by EFW, the number of
fetuses below the 10th centile fell to 17.1% FGR-D
and 7.9% SGA fetuses (Table 4).

The clinical endpoints of NICU admissions and
length of stay (LOS) as well as the need for cesarean
delivery for fetal heart rate abnormality were similar

Table 2. Baseline Characteristics and Delivery Outcomes Among FGR-D and SGA

Variable FGR-Delphi (FGR-D), n = 35 SGA, n = 38 P value

Maternal race Asian, 1 (2.9%)
Black, 2 (5.7%)
White, 28 (80%)
Mixed race, 1 (2.9%)
Native American, 0 (0%)
NR, 3 (8.6%)

Asian, 1 (2.6%)
Black, 2 (5.3%)
White, 30 (78.9%)
Mixed race, 3 (7.9%)
Native American, 0 (0%)
NR, 2 (5.3%)

.887

Maternal age (years) 29.51 � 5.06 28.26 � 5.85 .334
Tobacco use in pregnancy - 5 (13.2%) .055
Chronic maternal hypertension 4 (11.4%) 2 (5.3%) .418
Pregnancy-induced hypertension 2 (5.7%) 1 (2.6%) .604
GDM, T1, T2 DM - - 1
UA Doppler PI > 95th percentile 7 (20%) - .004*
Gestational age at delivery (weeks) 37.26 � .91 38.07 � 1.23 .005*
Neonate birthweight (g) 2278.61 � 295.42 2610.36 � 291.13 <.001*
Gestational age at analysis (weeks) 35.59 � 1.46 35.69 � 1.64 .804

NR, no race indicated; GDM, gestational diabetes; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; UA, umbilical artery;
EFW, estimated fetal weight; AC, abdominal circumference; UVF, umbilical vein flow.
*Indicates statistical significance (P < .05).

Hamidi et al—Umbilical Venous Flow in Fetal Growth Restriction

176 J Ultrasound Med 2023; 42:173–183

 15509613, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jum

.15993 by U
niversita D

egli Studi D
i, W

iley O
nline L

ibrary on [21/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

4



among the FGR-D and the SGA groups (Table 5).
The presence of at least one adverse neonatal out-
come was also similar between FGR-D and SGA
groups (Table 5).

Among FGR-D and SGA fetuses, there were
17 cases of abnormal absolute UVF, and 7 cases of
abnormal UAPI. In only two cases were both absolute
UVF and UAPI abnormal (Table 6). Similarly, there
were 16 cases of abnormal MCAPI, of which only
three cases also had an abnormal absolute UVF
(Table 6).

Comment: Principal findings:

1. Absolute UVF was significantly reduced in FGR-D
fetuses compared to AGA controls (Table 3).

2. FGR-D and SGA fetuses had similar absolute UVF
and EFW or AC-adjusted UVF (Table 3).

3. Late-onset FGR fetuses (FGR-D and SGA) had
a significantly higher incidence of abnormal
absolute UVF and UVF/AC (values less than
the 10th centile) compared to AGA controls
(Table 4).

Table 3. Absolute and Adjusted Umbilical Vein Flows for FGR-D, SGA, and AGA Fetuses

Variable FGR-Delphi (FGR-D), n = 35 SGA, n = 38 AGA, n = 108 P value

EFW (g) 2011.34 � 328.48 2298.24 � 368.35 2352.90 � 375.30 FGR-D vs SGA = .001*
FGR-D vs AGA = .0001*
SGA vs AGA = .43

AC (cm) 27.95 � 1.72 30.03 � 1.92 29.70 � 3.00 FGR-D vs SGA = .0001*
FGR-D vs AGA = .0001*
SGA vs AGA = .63

UVF (mL/min) 207.60 � 83.32 244.90 � 81.96 245.10 � 76.28 FGR-D vs AGA = .0147*
FGR-D vs SGA = .058
SGA vs AGA = .99

UVF/EFW (mL/min/kg) 105.65 � 47.19 108.48 � 37.07 105.54 � 34.50 FGR-D vs AGA = .94
FGR-D vs SGA = .81
SGA vs AGA = .52

UVF/AC (mL/min/cm) 7.42 � 2.95 8.16 � 2.71 8.15 � 2.50 FGR-D vs AGA = .19
FGR-D vs SGA = .98
SGA vs AGA = .26

EFW, estimated fetal weight; AC, abdominal circumference; UVF, umbilical vein flow; NS, not significant.
*Indicates statistical significance (P < .05).

Table 4. Odds Ratios of Rate of Absolute and Adjusted UVF <10th Percentile for Late-Onset FGR Grouped and Separately (FGR-D and
SGA) Versus AGA Controls

UVF FGR-D and SGA, n = 73 FGR-D, n = 35 SGA, n = 38

Absolute (mL/min) 17 (23.3%)
OR = 2.7
95% CI 1.37–5.4
P = .004*

11 (31.4%)
OR = 4.12
95% CI 1.8–9.5
P = .001*

6 (15.8%)
OR = 1.68
95% CI 0.64–4.4
P = .28

Adjusted by EFW (mL/min/kg) 9 (12.3%)
OR = 1.26
95% CI 0.56–2.9
P = .57

6 (17.1%)
OR = 1.86
95% CI 0.7–4.9
P = .21

3 (7.9%)
OR = .77
95% CI 0.2–2.7
P = .68

Adjusted by AC (mL/min/cm) 17 (23.3%)
OR = 2.73
95% CI 1.37–5.4
P = .002*

10 (28.6%)
OR = 3.6
95% CI 1.6–8.3
P = .003*

7 (18.4%)
OR = 2.0
95% CI 0.8–5.1
P = .13

CI, confidence interval; EFW, estimated fetal weight; AC, abdominal circumference; UVF, umbilical vein flow.
*Indicates statistical significance (P < .05).
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4. Rates of adverse neonatal outcomes were similar
among the FGR-D and SGA groups (Table 5).

5. Absolute UVF was more frequently abnormal than
UAPI in the 73 study fetuses (FGR-D and SGA).
In only two cases were both UAPI and UVF
abnormal (Table 6).

Discussion

Comparison with Other Studies
It is difficult to compare this study’s findings with
those of other studies because of differences in study
design and the makeup of the published study
populations. The patients in the current study had
fetuses with late-onset growth restriction that had a
low rate of neonatal morbidity, which is typical for
this gestational age. None of the fetuses in this study
sample had absent/reversed flow in the UA and all
fetuses survived. Aside from the rate of NICU admis-
sions for both groups (which is subject to provider
bias and thereby can skew a variable representing
adverse neonatal outcomes), these fetuses in the short

term were less severely compromised than those in
the earlier published studies. For example, in the
2002 study from Boito et al,19 the average birthweight
and age at delivery were 1089 g and 32 weeks versus
1247 g and 32 weeks in those with abnormal and nor-
mal UVF/kg, respectively. Both groups had a 25%
mortality. In comparison, in our study the FGR-Ds
and SGAs, respectively, had average birth weights of
2279 and 2610 g and the average gestational age at
delivery was 37 and 38 weeks for each group. A litera-
ture search showed a limited number of other studies
on UVF in late-onset FGR.7,20

Although the patient population in the study by
Rizzo et al7 was similar regarding gestational age, the
acuity was different because only fetuses were entered
who were already defined as having FGR by Delphi def-
initions (eg, constitutionally small or SGA fetuses were
excluded). This would also explain the higher rates of
cesarean delivery for fetal distress and abnormal neona-
tal blood gases recorded in Rizzo et al.7 Our rate of
NICU admission likely reflected an institutional bias
rather than the degree of neonatal compromise. The
objective of the study by Rizzo et al7 was to concentrate
on the potential clinical value of UVF/AC versus other
Doppler methods of surveillance (uterine artery PIs,
CPRs, MCAPIs) in this high-risk group of FGR fetuses.
The UVF adjusted by EFW had the highest calculated
Z-score area under the curve for prediction of the com-
posite adverse neonatal outcome.

In another study of UVF in growth restriction, Zhu
et al20 examined 14 growth restricted fetuses versus
26 AGA fetuses and found lower UVF by MRI in
growth-restricted fetuses. This study had slightly differ-
ent definitions of growth restriction than our study and
only examined UVF by MRI measurements without any
biometric adjustments, thus limiting its comparability.

Table 5. Neonatal Outcomes Among FGR-D and SGA Groups

FGR-D SGA P value

Apgar <7 at 5 minutes 0 0 1
Emergency c-section for fetal distress 2 (7.69%) 1 (3.33%) .592
NICU admission 8 (33.33%) 7 (26.92%) .621
Presence of at least one adverse neonatal outcomea 9 (36.00%) 7 (26.92%) .485
NICU LOS (days) 6.25 � 5.52 3.00 � 3.27 .189
NICU LOS ≥3 days 6 (75.00%) 2 (28.57%) .132

c-section, cesarean section; UA, umbilical artery; NICU, neonatal intensive care unit; LOS, length of stay.
aPresence of one adverse neonatal outcome includes the following: Apgar score <7 after 5 minutes, need for emergency c-section for fetal
distress, and admission to the NICU.

Table 6. Rates of Normal and Abnormal Absolute UVF Versus UA
and MCA

UVF Normal UVFAbnormal

UA normal 51 15
UA abnormal 5 2
MCA normal 43 14
MCA abnormal 13 3

Abnormal values were defined respectively as absolute UVF < 10th
centile, MCA-PI < 10th centile UA-PI > 95th centile.
UVF, umbilical vein flow; UA, umbilical artery; MCA, middle cerebral
artery; PI, pulsatility index.

Hamidi et al—Umbilical Venous Flow in Fetal Growth Restriction

178 J Ultrasound Med 2023; 42:173–183

 15509613, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jum

.15993 by U
niversita D

egli Studi D
i, W

iley O
nline L

ibrary on [21/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

6



In a stepwise decision-tree approach, Para-
Saavedra et al6 explored the use of UVF adjusted by
EFW, together with a measure of brain sparing,
MCAPI, to predict outcome. In a two-step process
applied to growth restricted fetuses, the authors used
a set level of UVF/EFW (<68 mL/s/kg) and MCAPI
(<1.46) as initial screening thresholds. Fetuses below
these values were then re-appraised for MCAPIs
below a second, more stringent level of <1.23. This
more strictly categorized group of fetuses had a sub-
stantially higher risk for emergency cesarean delivery
and lower arterial umbilical cord pH at birth.

Our study was designed to determine whether
fetuses diagnosed with EFWs <10th centile after
32 weeks who were assigned to be at higher risk for
adverse outcomes by Delphi definitions (FGR-D) had
low absolute and adjusted UVFs more frequently than
those fetuses designated to be constitutionally small
(SGA). Our goal was to establish whether UVF differed
between these two groups as a way to better understand
its potential role in current algorithms for the characteri-
zation and care of growth restricted fetuses.

Absolute UVF Versus “Corrected” UVF
It is easy to assume that a fetus genetically
programmed to be small would have an UVF to be
commensurate with its size. Therefore, the UVF is
adjusted to the EFW or AC to determine if the flow
is reduced even more than expected for a given fetus’
size. To counter this, many small fetuses with intra-
uterine deprivation attempt to counter placental
insufficiency by decreasing their energy demands to
meet the reduction in oxygen and nutrient supply.21

The AC is the most affected biometric measurement
since it reflects the size of the liver, an organ whose
growth is curtailed in FGR as the fetus redistributes its
blood flow to other organs.14 Therefore, a reassuring nor-
mal UVF/AC ratio may not identify fetuses who, while
matching their size to the level of the already restricted
flow, could still be severely growth restricted. Since the
AC plays a major role in the calculation of the EFW, cor-
rection with this variable carries the same misleading pos-
sibilities. In these cases, the absolute UVF could be more
predictive of severity by its deviation from gestational age
expectations.

Another problem with correcting for UVF by
fetal size is that it is unknown what degree of hypox-
emia will cause later neurological or cardiovascular

disorders. Some small fetuses with a Delphi designa-
tion of SGA with normal UVF/EFW or AC could still
have an abnormal absolute UVF (for gestational age)
suggesting a modest, but possibly detrimental level of
hypoxemia.

The reason for using a comprehensive approach to
the diagnosis and surveillance of FGR is to make sure
fetuses do not escape the safety net of fetal surveillance,
and absolute UVF may be more inclusive, yet at least as
predictive as corrected flow (UVF/EFW, UVF/AC). Its
use in clinical application to reduce adverse neonatal
outcome will require continued study.

Relationship of UVF to UAPI
In normal pregnancies, small arterioles and venules
within the secondary and tertiary villi are closely related
in number and proximity. In FGR pregnancies, there are
fewer terminal villi and often micro-thrombi form in the
small villus arteries.22 This causes increased downstream
resistance and an increased afterload. For years, clini-
cians have depended upon the UAPI to reflect the status
of the placental arterial bed. However, less is known
about the diffusion activities of the venules and capil-
laries in the terminal and stem villi. At present, the only
available way to monitor these activities is by assessing
the flow though the vehicle distributing the blood to the
fetus, the umbilical vein; however, this has been an infre-
quent target of investigation.

The differences between absolute UVF and UAPI
results were striking. Using the 95th and 5th centile
thresholds for the 73 fetuses in the study, 7 (9.6%) had
abnormal UAPIs and 17 (23.3%) had abnormal UVFs.
Surprisingly, in only two patients were both UAPI and
UVF abnormal. Both patients were FGR-D fetuses.
Trudinger et al23 showed that at least 60 to 70% of the
placental fetal arterial circulation needs to be obliterated
to create an umbilical artery waveform with a PI above
the 95th centile. It is uncertain how flow from the
venous side of the placenta was maintained in the seven
cases where circulation in the arterial bed of the placenta
was so significantly compromised. This suggests that
abnormalities in both the umbilical artery and vein may
be independent risk factors for fetal morbidity in the set-
ting of growth restriction, and thus, may function as
independent screening tools.

The lack of correlation among UVF, UA, and
MCA is also notable (Table 6). Elevated UAPI occurs
when there is significant placenta-related hypoxemia
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often seen in more severe growth restriction. MCAPI
is decreased when hypoxemia has reached a point to
necessitate adaptive circulatory redistribution. The
higher rate of abnormal UVF in our overall less severe
late-onset FGR cohort compared with MCA and
UAPI could underscore its potential value as a more
sensitive pre-brain sparing marker of hypoxemia.

Clinical Implications
It has been postulated that in the face of placental com-
promise at the terminal villus level, there is a mechanism
to shunt essential activities away from infarcted or
poorly perfused areas to other areas within the pla-
centa.24 The oxygen and nutrient content of blood in
the umbilical vein is dependent upon diffusion at the
level of the terminal villi but it is unclear what factors
control the flow of blood out of the placenta and the
possible role the diameter of the umbilical vein lumen
plays as a flow-limiting factor.25 Whatever mechanisms
are involved, the UVF should not only provide informa-
tion about the adequacy of the venous delivery system
but also overall villus function.

In this study group of patients with late-onset growth
restriction, the overall rate of absolute UVF < 10th centile
is 17/73 (23%) (Table 4). Although the difference in UVF
between FGR-D and SGA was not significant, there were
more abnormal UVFs among the FGR-D (11) than SGA
fetuses (6), which also reflects the average differences in
flow between these groups (FGR-D: 207.60 mL/min,
SGA: 244.90 mL/min) (Tables 3 and 4).

The overall 9.5% of abnormal UAPIs and a 23%
rate of abnormal UVF flow may be representative of a
study group that has a heavy proportion of late-onset
growth restriction—not unlike that of many high-risk
referral centers in the United States. In particular for
the UAPI, several studies have shown that the Dopp-
ler waveform in late-onset FGR is normal in a large
percent of cases. Fortunately, these late-onset FGR
fetuses have lower rates of perinatal mortality, but
they are not immune to morbidities emerging in
childhood or adulthood.26–28 The fact that even SGAs
can have later morbidities26,28,29 suggests that the
lines between SGA and FGR-D are blurred.

After three decades of sporadic investigation, it is
hoped that UVF may be adjunctively useful as a pre-
dictor of later cardiac and neurobehavioral morbidities,
some of which can be prevented by multi-pronged pro-
active approaches in childhood.30–33

Research Implications
Today, different fetal testing tools have been used to
detect fetuses at risk for fetal death and/or immediate
neonatal morbidity. However, it is unknown how
much hypoxemia the fetal heart can withstand before
becoming remodeled or the brain can tolerate before
cognitive impairment ensues. Late-onset FGR encom-
passes a heterogeneous group of fetuses who, along
with being exposed to varying degrees of oxygen and
nutrient deprivation, may be epigenetically destined
to have different types of later morbidities. The avail-
ability of in utero diagnostic clues might enable more
specific predictions for these future morbidities. For
example, if further studies confirm adjusted UVF to
be associated with adverse neonatal outcomes, this
information might be combined with MCA Doppler
in the setting of normal UA Doppler to assess the risk
for later neurobehavioral abnormalities.34 Similarly,
UVF could be combined with ultrasound measures of
fetal cardiac size, shape, and ventricular contractility
to identify those at greater risk for childhood and
adult cardiovascular disease.26–28

As noted by the authors of the Delphi consensus
criteria,8 a limitation of studying late-onset FGR is that
the usual adverse neonatal outcome endpoints (eg,
respiratory distress syndrome, intraventricular hemor-
rhage, and necrotizing enterocolitis) seen frequently in
early-onset FGR are uncommon or rare in late-onset
FGR. This leaves the softer endpoints of NICU admis-
sions and LOS to be used for late-onset FGR as in prior
reports7,12 (Table 5). However, even these are imprecise
in excluding future morbidities, and the only way to link
in utero findings in these fetuses is to carry investiga-
tions out long past their discharge from the nursery.
These studies are underway at our institution.

Strengths and Limitations
Strengths of this study include a large AGA cohort to
validate the overall FGR group’s UVF measurements
and add to the growing body of literature examining
the role of UVF in growth restriction. A limitation of
our study is that our subgroups of FGR-D and SGA
were relatively small (n = 35 and n = 38, respec-
tively). Additionally, most of those meeting the
FGR-D definitions were based on EFW or AC < 3rd
centile alone and thus we were unable to stratify the
UVF findings by other Doppler abnormalities such as
UAPI or CPR.
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An additional limitation inherent to any study of
UVF is the difficulty with UVF measurement precision.
A particularly vulnerable part of this measurement is the
cross-sectional area as the radius calculation is squared
and thus any small variations are further amplified.
We minimized this by using reproducible, previously
established methodology for measuring UVF as
described above.35

The Search for AGA Control Data
Another possible limitation was our use of control
data from a nonindigenous source due to difficulties
recruiting an AGA cohort locally. We turned initially
to colleagues in Italy with whom we have collaborated
in the past. Using their data and equations, we began
analyzing our SGA and FGR study data. However,
because of the concern regarding the validity of apply-
ing European normative data to American fetuses, we
ultimately chose to use a control population from the
United States that provided data for UVF, UVF/AC,
and UVF/EFW for AGA fetuses.11 The DeVore study
provided a calculator that allowed for the computa-
tion of Z-scores and centiles for the above variables
of flow used in the current study.

Population differences in fetal biometrics have gar-
nered substantial attention in their application to the
diagnosis of FGR. Controversy about the transferability

of growth charts between populations stimulated the
WHO to create a fetal growth curve to address this
issue.36 With this in mind, we compared the curves by
DeVore et al11 and our Italian colleagues and found the
means and reference intervals to be highly concordant
for absolute UVF (Figure 4).

Lastly, while our study cohort included a popula-
tion living at 5000 feet above sea level and the control
curves for umbilical vein flow were constructed at
1000 feet, previous research has shown that there is not
a significant effect of this altitude on Doppler parame-
ters.37 However, higher altitudes of >10,000 feet can
have a modest effect on both birth weight and umbilical
vein volume flow largely related to the diameter of the
vessel.38

Conclusions

In FGR fetuses categorized by Delphi criteria to be at
higher risk of adverse outcome, absolute UVF is signifi-
cantly reduced when compared to controls. No differ-
ences were found when UVF was corrected for EFW.
Additionally, the number of fetuses with an absolute
UVF (for gestational age) and UVF/AC below the
10th centile is increased when compared with control
fetuses, in contrast to those labeled as SGA. Prospec-
tive studies of both corrected and uncorrected absolute
flow may determine their potential utility as adjunctive
screening measures for predicting adverse outcomes in
growth restriction.

References

1. Galan HL, Jozwik M, Rigano S, et al. Umbilical vein blood flow
determination in the ovine fetus: comparison of Doppler ultraso-
nographic and steady-state diffusion techniques. Am J Obstet
Gynecol 1999; 181:1149–1153. https://doi.org/10.1016/S0002-
9378(99)70098-0.

2. Gill RW, Kossoff G, Warren PS, Garrett WJ. Umbilical venous flow in
normal and complicated pregnancy. Ultrasound Med Biol 1984; 10:
349–363. https://doi.org/10.1016/0301-5629(84)90169-8.

3. Laurin J, Lingman G, Mars�al K, Persson PH. Fetal blood flow in
pregnancies complicated by intrauterine growth retardation. Obstet
Gynecol 1987; 69:895–902.

4. Rigano S, Bozzo M, Ferrazzi E, Bellotti M, Battaglia FC,
Galan HL. Early and persistent reduction in umbilical vein blood

Figure 4. Comparison of DeVore versus Italian control curves for
absolute umbilical vein flow in mL/min. The graph displays the 5th,
50th, and 95th reference interval centiles.

Hamidi et al—Umbilical Venous Flow in Fetal Growth Restriction

J Ultrasound Med 2023; 42:173–183 181

 15509613, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jum

.15993 by U
niversita D

egli Studi D
i, W

iley O
nline L

ibrary on [21/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

9

https://doi.org/10.1016/S0002-9378(99)70098-0
https://doi.org/10.1016/S0002-9378(99)70098-0
https://doi.org/10.1016/0301-5629(84)90169-8


flow in the growth-restricted fetus: a longitudinal study.
Am J Obstet Gynecol 2001; 185:834–838. https://doi.org/10.
1067/mob.2001.117356.

5. Ferrazzi E, Rigano S, Bozzo M, et al. Umbilical vein blood flow in
growth-restricted fetuses. Ultrasound Obstet Gynecol 2000; 16:432–
438. https://doi.org/10.1046/j.1469-0705.2000.00208.x.

6. Parra-Saavedra M, Crovetto F, Triunfo S, et al. Added value of
umbilical vein flow as a predictor of perinatal outcome in term
small-for-gestational-age fetuses. Ultrasound Obstet Gynecol 2013;
42:189–195. https://doi.org/10.1002/uog.12380.

7. Rizzo G, Mappa I, Bitsadze V, et al. Role of Doppler ultrasound at
time of diagnosis of late-onset fetal growth restriction in predicting
adverse perinatal outcome: prospective cohort study. Ultrasound
Obstet Gynecol 2020; 55:793–798. https://doi.org/10.1002/uog.
20406.

8. Gordijn SJ, Beune IM, Thilaganathan B, et al. Consensus definition
of fetal growth restriction: a Delphi procedure. Ultrasound Obstet
Gynecol 2016; 48:333–339. https://doi.org/10.1002/uog.15884.

9. Lees CC, Stampalija T, Baschat A, et al. ISUOG practice guide-
lines: diagnosis and management of small-for-gestational-age fetus
and fetal growth restriction. Ultrasound Obstet Gynecol 2020; 56:
298–312. https://doi.org/10.1002/uog.22134.

10. Society for Maternal-Fetal Medicine (SMFM), Martins JG,
Biggio JR, Abuhamad A. Society for maternal-fetal medicine con-
sult series #52: diagnosis and management of fetal growth restric-
tion: (Replaces Clinical Guideline Number 3, April 2012).
Am J Obstet Gynecol 2020; 223:B2–B17.

11. DeVore GR, Epstein A. Computing Z-score equations for clinical
use to measure fetal umbilical vein size and flow using six indepen-
dent variables of age and size. J Ultrasound Med 2021. https://doi.
org/10.1002/jum.15872.

12. Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park SK. Estima-
tion of fetal weight with the use of head, body, and femur
measurements—a prospective study. Am J Obstet Gynecol 1985;
151:333–337. https://doi.org/10.1016/0002-9378(85)90298-4.

13. Hadlock FP, Harrist RB, Martinez-Poyer J. In utero analysis of fetal
growth: a sonographic weight standard. Radiology 1991; 181:129–
133. https://doi.org/10.1148/radiology.181.1.1887021.

14. Kessler J, Rasmussen S, Godfrey K, Hanson M, Kiserud T. Longi-
tudinal study of umbilical and portal venous blood flow to the fetal
liver: low pregnancy weight gain is associated with preferential sup-
ply to the fetal left liver lobe. Pediatr Res 2008; 63:315–320.
https://doi.org/10.1203/PDR.0b013e318163a1de.

15. Ebbing C, Rasmussen S, Kiserud T. Middle cerebral artery blood
flow velocities and pulsatility index and the cerebroplacental
pulsatility ratio: longitudinal reference ranges and terms for serial
measurements. Ultrasound Obstet Gynecol 2007; 30:287–296.
https://doi.org/10.1002/uog.4088.

16. Acharya G, Wilsgaard T, Berntsen GKR, Maltau JM, Kiserud T.
Reference ranges for serial measurements of umbilical artery

Doppler indices in the second half of pregnancy. Am J Obstet
Gynecol 2005; 192:937–944. https://doi.org/10.1016/j.ajog.2004.
09.019.

17. DeVore GR. The importance of the cerebroplacental ratio in the
evaluation of fetal well-being in SGA and AGA fetuses. Am J Obstet
Gynecol 2015; 213:5–15. https://doi.org/10.1016/j.ajog.2015.
05.024.

18. DeVore GR. Computing the Z score and centiles for cross-
sectional analysis: a practical approach. J Ultrasound Med 2017; 36:
459–473. https://doi.org/10.7863/ultra.16.03025.

19. Boito S, Struijk PC, Ursem NTC, Stijnen T, Wladimiroff JW.
Umbilical venous volume flow in the normally developing and
growth-restricted human fetus. Ultrasound Obstet Gynecol 2002; 19:
344–349. https://doi.org/10.1046/j.1469-0705.2002.00671.x.

20. Zhu MY, Milligan N, Keating S, et al. The hemodynamics of late-onset
intrauterine growth restriction by MRI. Am J Obstet Gynecol 2016; 214:
367.e1–367.e17. https://doi.org/10.1016/j.ajog.2015.10.004.

21. Barker DJP, Eriksson JG, Forsén T, Osmond C. Fetal origins of
adult disease: strength of effects and biological basis. Int J Epidemiol
2002; 31:1235–1239. https://doi.org/10.1093/ije/31.6.1235.

22. Mifsud W, Sebire NJ. Placental pathology in early-onset and late-
onset fetal growth restriction. Fetal Diagn Ther 2014; 36:117–128.
https://doi.org/10.1159/000359969.

23. Trudinger BJ, Stevens D, Connelly A, et al. Umbilical artery flow
velocity waveforms and placental resistance: the effects of emboli-
zation of the umbilical circulation. Am J Obstet Gynecol 1987; 157:
1443–1448. https://doi.org/10.1016/S0002-9378(87)80241-7.

24. Sebire NJ, Talbert DG. The dynamic placenta: a closer look at the
pathophysiology of placental hemodynamics in uteroplacental
compromise. Ultrasound Obstet Gynecol 2001; 18:557–561.
https://doi.org/10.1046/j.0960-7692.2001.602.doc.x.

25. Talbert D, Sebire NJ. The dynamic placenta: I. Hypothetical
model of a placental mechanism matching local fetal blood flow to
local intervillus oxygen delivery. Med Hypotheses 2004; 62:511–
519. https://doi.org/10.1016/j.mehy.2003.10.025.

26. Crispi F, Bijnens B, Figueras F, et al. Fetal growth restriction results
in remodeled and less efficient hearts in children. Circulation 2010;
121:2427–2436. https://doi.org/10.1161/CIRCULATIONAHA.
110.937995.

27. Hobbins JC, Gumina DL, Zaretsky MV, Driver C, Wilcox A,
DeVore GR. Size and shape of the four-chamber view of the fetal
heart in fetuses with an estimated fetal weight less than the tenth
centile. Am J Obstet Gynecol 2019; 221:495.e1–495.e9. https://doi.
org/10.1016/j.ajog.2019.06.008.

28. DeVore GR, Gumina DL, Hobbins JC. Assessment of ventricular
contractility in fetuses with an estimated fetal weight less than the
tenth centile. Am J Obstet Gynecol 2019; 221:498.e1–498.e22.
https://doi.org/10.1016/j.ajog.2019.05.042.

29. Eixarch E, Meler E, Iraola A, et al. Neurodevelopmental outcome
in 2-year-old infants who were small-for-gestational age term

Hamidi et al—Umbilical Venous Flow in Fetal Growth Restriction

182 J Ultrasound Med 2023; 42:173–183

 15509613, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jum

.15993 by U
niversita D

egli Studi D
i, W

iley O
nline L

ibrary on [21/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

10

https://doi.org/10.1067/mob.2001.117356
https://doi.org/10.1067/mob.2001.117356
https://doi.org/10.1046/j.1469-0705.2000.00208.x
https://doi.org/10.1002/uog.12380
https://doi.org/10.1002/uog.20406
https://doi.org/10.1002/uog.20406
https://doi.org/10.1002/uog.15884
https://doi.org/10.1002/uog.22134
https://doi.org/10.1002/jum.15872
https://doi.org/10.1002/jum.15872
https://doi.org/10.1016/0002-9378(85)90298-4
https://doi.org/10.1148/radiology.181.1.1887021
https://doi.org/10.1203/PDR.0b013e318163a1de
https://doi.org/10.1002/uog.4088
https://doi.org/10.1016/j.ajog.2004.09.019
https://doi.org/10.1016/j.ajog.2004.09.019
https://doi.org/10.1016/j.ajog.2015.05.024
https://doi.org/10.1016/j.ajog.2015.05.024
https://doi.org/10.7863/ultra.16.03025
https://doi.org/10.1046/j.1469-0705.2002.00671.x
https://doi.org/10.1016/j.ajog.2015.10.004
https://doi.org/10.1093/ije/31.6.1235
https://doi.org/10.1159/000359969
https://doi.org/10.1016/S0002-9378(87)80241-7
https://doi.org/10.1046/j.0960-7692.2001.602.doc.x
https://doi.org/10.1016/j.mehy.2003.10.025
https://doi.org/10.1161/CIRCULATIONAHA.110.937995
https://doi.org/10.1161/CIRCULATIONAHA.110.937995
https://doi.org/10.1016/j.ajog.2019.06.008
https://doi.org/10.1016/j.ajog.2019.06.008
https://doi.org/10.1016/j.ajog.2019.05.042


fetuses with cerebral blood flow redistribution. Ultrasound Obstet
Gynecol 2008; 32:894–899. https://doi.org/10.1002/uog.6249.

30. Skilton MR, Ayer JG, Harmer JA, et al. Impaired fetal growth and arte-
rial wall thickening: a randomized trial ofω-3 supplementation. Pediatrics
2012; 129:e698–e703. https://doi.org/10.1542/peds.2011-2472.

31. Janz KF, Dawson JD, Mahoney LT. Increases in physical fitness
during childhood improve cardiovascular health during adoles-
cence: the Muscatine study. Int J Sports Med 2002; 23:S15–S21.

32. Buehler DM, Als H, Duffy FH, McAnulty GB, Liederman J. Effec-
tiveness of individualized developmental care for low-risk preterm
infants: behavioral and electrophysiologic evidence. Pediatrics 1995;
96:923–932.

33. Barnett WS. Long-term effects of early childhood programs on
cognitive and school outcomes. Future Child. 1995; 5:25–50.
https://doi.org/10.2307/1602366.

34. Figueras F, Cruz-Martinez R, Sanz-Cortes M, et al. Neuro-
behavioral outcomes in preterm, growth-restricted infants with and

without prenatal advanced signs of brain-sparing. Ultrasound Obstet
Gynecol 2011; 38:288–294. https://doi.org/10.1002/uog.9041.

35. Najafzadeh A, Dickinson JE. Umbilical venous blood flow and its
measurement in the human fetus. J Clin Ultrasound 2012; 40:502–
511. https://doi.org/10.1002/jcu.21970.

36. Kiserud T, Piaggio G, Carroli G, et al. The World Health Organi-
zation fetal growth charts: a multinational longitudinal study of
ultrasound biometric measurements and estimated fetal weight.
PLoS Med 2017; 14:e1002220.

37. Galan HL, Rigano S, Chyu J, et al. Comparison of low- and high-
altitude Doppler velocimetry in the peripheral and central circula-
tions of normal fetuses. Am J Obstet Gynecol 2000; 183:1158–1161.
https://doi.org/10.1067/mob.2000.109043.

38. Postigo L, Heredia G, Illsley NP, et al. Where the O2 goes to: pres-
ervation of human fetal oxygen delivery and consumption at high
altitude. J Physiol 2009; 587:693–708. https://doi.org/10.1113/
jphysiol.2008.163634.

Hamidi et al—Umbilical Venous Flow in Fetal Growth Restriction

J Ultrasound Med 2023; 42:173–183 183

 15509613, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jum

.15993 by U
niversita D

egli Studi D
i, W

iley O
nline L

ibrary on [21/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

11

https://doi.org/10.1002/uog.6249
https://doi.org/10.1542/peds.2011-2472
https://doi.org/10.2307/1602366
https://doi.org/10.1002/uog.9041
https://doi.org/10.1002/jcu.21970
https://doi.org/10.1067/mob.2000.109043
https://doi.org/10.1113/jphysiol.2008.163634
https://doi.org/10.1113/jphysiol.2008.163634

	 Umbilical Venous Volume Flow in Late-Onset Fetal Growth Restriction
	Materials and Methods
	Statistical Analyses

	Results
	Discussion
	Comparison with Other Studies
	Absolute UVF Versus ``Corrected´´ UVF
	Relationship of UVF to UAPI
	Clinical Implications
	Research Implications
	Strengths and Limitations
	The Search for AGA Control Data

	Conclusions
	References




