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OBSTETRICS
Maternal rest improves growth in small-for-gestational-
age fetuses (<10th percentile)

Greggory R. DeVore, MD; Bardo Polanco, PhD, RDMS; Wesley Lee, MD; Jeffrey Brian Fowlkes, PhD; Emma E. Peek, BS;
Manesha Putra, MD; John C. Hobbins, MD

BACKGROUND: Optimal management of fetuses diagnosed as small compared using the Bonferroni Multiple Comparison Test. A P value
for gestational age based on an estimated fetal weight of<10th percentile

represents a major clinical problem. The standard approach is to increase

fetal surveillance with serial biometry and antepartum testing to assess

fetal well-being and timing of delivery. Observational studies have indi-

cated that maternal rest in the left lateral position improves maternal

cardiac output and uterine blood flow. However, maternal bed rest has not

been recommended based on the results of a randomized clinical trial that

showed that maternal rest does not improve fetal growth in small-for-

gestational-age fetuses. This study was conducted to revisit this question.

OBJECTIVE: This study aimed to determine whether maternal bed rest
was associated with an increase in the fetal biometric parameters that

reflect growth after the diagnosis of a small-for-gestational-age fetus.

STUDYDESIGN: A retrospective study was conducted on fetuses who
were diagnosed as small for gestational age because of an estimated fetal

weight of<10th percentile for gestational age. The mothers were asked to

rest in the left lateral recumbent position. Fetal biometry was performed 2

weeks after the diagnosis. All fetuses before entry into the study had a

previous ultrasound that demonstrated an estimated fetal weight of>10th

percentile. To assess the response to bed rest, the change in fetal bio-

metric parameters (estimated fetal weight, head circumference, abdom-

inal circumference, and femur length) after the recommendation of bed

rest was computed for 2 periods: (1) before the diagnosis of a weight of

<10th percentile vs at the time of diagnosis of a weight of <10th

percentile and (2) at the time of diagnosis of a weight of<10th percentile

vs 2 weeks after maternal bed rest. For repeated measures, proportions

were compared using the McNemar test, and percentile values were
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of<.05 was considered significant. To describe changes in the estimated

fetal weight without bed rest, 2 control groups in which the mothers were

not placed on bed rest after the diagnosis of a small-for-gestational-age

fetus were included.

RESULTS: A total of 265 fetuses were observed before and after maternal
bed rest. The following were observed in this study: (1) after 2 weeks of

maternal rest, 199 of 265 fetuses (75%) had a fetal weight of >10th

percentile; (2) the median fetal weight percentile increased from 6.8

(interquartile range, 4.4e8.4) to 18.0 (interquartile range, 9.5e29.5) after 2
weeks of bed rest; (3) similar trends were noted for the head circumference,

abdominal circumference, and femur length. In the groups of patients who

were not asked to be on bed rest, a reassignment to a weight of >10th

percentile at a follow-up examination only occurred in 7 of 37 patients (19%)

in the Texas-Michigan group and 13 of 111 patients (12%) in the Colorado

group compared with the bed rest group (199/265 [75%]) (P<.001).

CONCLUSION: Patients who were prescribed 2 weeks of bed rest after
the diagnosis of a fetal weight of <10th percentile had an increase in

weight of >10th percentile in 199 of 265 fetuses (75%). This increase in

fetal weight was significantly higher than that in the 2 control groups in

which bed rest was not prescribed. This observation suggests that bed rest

improves fetal growth in a subset of patients.

Key words: abdominal circumference, bed rest, Doppler velocimetry,
estimated fetal weight, femur length, fetal growth restriction, head

circumference, left lateral recumbent position, longitudinal study, middle

cerebral artery, small for gestational age, umbilical artery
Introduction
Optimal management of fetuses diag-
nosed as small for gestational age (SGA)
based on an estimated fetal weight
(EFW) of <10th percentile represents a
major clinical problem.1e10 The stan-
dard approach is to increase fetal sur-
veillance with serial biometry4,11e15 and
antepartum testing to assess fetal well-
being (fetal heart rate monitoring, bio-
physical profile, amniotic fluid volume,
Doppler velocimetry, and cardiac
function)1,16e21 and timing of
delivery.1,22e26 Observational studies
have indicated that maternal rest in the
left lateral position improves maternal
cardiac output and uterine blood
flow.27e31 However, maternal bed rest
has not been recommended on the basis
of the results of a randomized clinical
trial that showed that maternal rest does
not improve fetal growth in SGA fe-
tuses.32 As a result of this study, profes-
sional societies (the American College of
Obstetricians and Gynecologists
[ACOG],22 the Society for Maternal-
Fetal Medicine [SMFM],23 the Interna-
tional Federation of Gynecology and
Obstetrics [FIGO],24 and the Interna-
tional Society of Ultrasound in Obstet-
rics and Gynecology [ISUOG])25 do not
recommend maternal rest for the man-
agement of the fetus with an EFW of
<10th percentile. This study aimed to
determine the effect of complete
maternal rest in patients with an SGA
fetus.

Materials and Methods
Study design
This was a retrospective longitudinal
study of patients with SGA fetuses with
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Why was this study conducted?
This study aimed to determine whether bed rest can improve growth in small-for-
gestational-age fetuses (fetal weight of <10th percentile).

Key findings
After bed rest, 199 of 265 fetuses (75%) with an estimated fetal weight (EFW) of
<10th percentile increased their weight to >10th percentile. The median EFW
percentiles were 6.8 (interquartile range, 4.4e8.4) before maternal bed rest and 18
(interquartile range, 9.5e29.5) after maternal bed rest.

What does this add to what is known?
To date, the role of maternal bed rest in improving fetal growth remains un-
known. Bed rest in the left lateral position has been shown to improve maternal
cardiac output and uterine blood flow. Our study reports that patients who are
prescribed bed rest in the left lateral position show an improved growth of the
following fetal biometric parameters: head circumference, abdominal circum-
ference, femur length, and EFW.

TABLE 1
Demographics of the study and control groups

Variable
Bed rest group
(n¼265)

Texas-Michigan study
group (n¼37)

Colorado study group
(n¼111)

Maternal age (y) 31.0�6.6 29.7�9.8 28.7�5.4

Maternal race

White 156 (59%) 24 (65%) 96 (86%)

African
American

16 (6%) 11 (30%) 7 (6%)

Asian 19 (6%) 3 (8%) 4 (4%)

Hispanic 74 (28%) 5 (14%) —

Other — 3 (8%) 7 (6%)

Parity

0 187 (71%) 19 (51%) 55 (50%)

1 47 (18%) 12 (32%) 31 (28%)

2 25 (9%) 4 (11%) 20 (18%)

>3 7 (3%) 3 (8%) 8 (7%)

Hypertensive
disorders

4 (2%) 7 (19%) 7 (6%)

Diabetes mellitus 6 (2%) 2 (5%) 1 (1%)

Thyroid disease 3 (1%) 1 (3%) 9 (8%)

Data are presented as mean�standard deviation or number (percentage).
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an EFW of <10th percentile who had a
second ultrasound examination 2 weeks
after the SGA diagnosis. The overall
design of the study consisted of exam-
ining the changes in dimensions of fetal
biometric parameters, including EFW,
head circumference (HC), abdominal
circumference (AC), and femur length
(FL), before the diagnosis of an SGA
fetus, at the time of diagnosis of SGA,
and 2 weeks after bed rest was pre-
scribed. This retrospective study
included 2 control groups of patients
from centers that did not prescribe bed
rest after the diagnosis of an SGA fetus.

Bed rest group
Fetuses with a diagnosis of an EFW of
<10th percentile were identified using
an ultrasound database (Sonultra, Los
Angeles, CA). Pregnant patients were
referred for fetal ultrasound examina-
tion by their healthcare provider be-
tween 2005 and 2021 to 1 of 3 outpatient
maternal-fetal medicine imaging centers
located in Pasadena, Tarzana, and Lan-
caster, California. The referring obste-
tricians were from a large geographic
area that included obstetrical delivery
facilities at 8 hospitals in Los Angeles
County.

The HC, AC, and FL were measured
using standard techniques. Gestational
age was determined from ultrasound
measurements of the crown-rump
length in the first trimester of preg-
nancy and/or from the biparietal
diameter, HC, AC, and FL in the second
JANUARY 2025 Ameri
trimester of pregnancy.33 Using the
Hadlock equation,34,35 the EFW and
corresponding weight percentile36 were
computed from the HC, AC, and FL.
Evaluation of EFW, HC, AC, and FL
percentiles; placental location; and
screening for structural malformations
were performed during the second and
third trimesters of pregnancy.33,34,36

Fetuses with structural malformations
were excluded from the study. All third-
trimester fetuses underwent pulsed
Doppler evaluation of the umbilical
artery, after which the resistance index
(RI) was measured and classified as
abnormal if the values were >95th
percentile.37 The middle cerebral artery
pulse wave Doppler (RI) was measured
and classified as abnormal if <5th
percentile.38 Once a fetus with an EFW
of <10th percentile was identified, the
following recommendations were made
to the mother: (1) begin lying in the left
lateral recumbent position and avoiding
the supine position during the waking
can Journal of Obstetrics & Gynecology 118.e2
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TABLE 2
Ultrasound findings of the 3 study groups

Abnormal findings
Bed rest
group (n¼265)

Texas-Michigan
study group (n¼37)

Colorado study
group (n¼111)

Umbilical artery Doppler resistance

Abnormal umbilical artery RI of >95th percentile37 20 (8%) 6 (16%) 15 (14%)

Absent or reverse diastolic velocity of the umbilical artery 3 (1%) 1 (3%) 0 (0%)

Normalization of umbilical artery RI after bed rest 6 (2%) N/A N/A

Middle cerebral artery Doppler resistance

Middle cerebral artery RI38 27 (10%) 6 (16%) 6 (5%)

Normalization of the middle cerebral artery RI after bed rest 10 (4%) N/A N/A

Uterine artery notching

Bilateral notching 21 (8%) 10 (27%) 8 (7%)

Unilateral notching 23 (9%) 4 (11%) 1 (1%)

Fetal cardiac dysfunction

Right of left ventricular disproportion 19 (8%) 4 (11%) 13 (12%)

Tricuspid regurgitation 7 (3%) N/A 7 (6%)

Right-sided pericardial effusion 39 (15%) 10 (27%) 12 (11%)

Amniotic fluid index

<5 cm 29 (11%) 1 (3%) 1 (1%)

N/A, not available; RI, resistance index.
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hours; (2) at the end of every hour of
resting, arise, walk, stretch, and attend
to personal needs for 5 to 10 minutes;
and (3) return 2 weeks after the
TABLE 3
Gestational age in weeks for the bed r

Variable

Weeks of gestation

Bed rest group

Before the diagnosis of SGA

At the time of diagnosis of SGA

2 wk after maternal bed rest

Texas-Michigan control group

At the time of diagnosis of SGA

2 wk after maternal bed rest

Colorado control group

At the time of diagnosis of SGA

2 wk after maternal bed rest

SGA, small for gestational age.
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initiation of maternal rest for ultra-
sound assessment of fetal growth.
Monitoring of patient compliance
following the recommendation for
est and control groups

Quartile measurements

25th 50th 75th

19.2 22.6 27.6

27.7 31.6 33.0

30.2 33.6 35.5

27.0 30.0 33.0

30.0 33.0 35.0

26.0 29.0 31.0

30.0 32.0 34.0

ynecol 2025.
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maternal rest occurred through verbal
communication between the physician
and patient during the follow-up ul-
trasound examination. The analysis of
the data was approved by the Pearl
Institutional Review Board (Pearl IRB
number: 23-FEDC-103).

Control group
The control group consisted of 2 co-
horts, one at sea level and one at 5000
feet above sea level, in which an EFW of
<10th percentile was identified but the
patients were not asked to begin
maternal rest. These 2 cohorts were part
of ongoing studies of fetal growth in
which the first author (G.R.D.) had
participated as a consultant and was
familiar with the study design for both
groups in which maternal rest was not
offered after the diagnosis of an EFW of
<10th percentile (the Texas-Michigan
cohort [n¼37; Baylor IRB criteria: H-
45622; approved on May 11, 2021] and
the Colorado cohort [n¼111; COMIRB
number: 14-1360; approved on May 29,
2015]).

http://www.AJOG.org


FIGURE 1
EFW percentile values plotted against gestational age

A, Distribution of the EFW percentiles in AGA fetuses before the diagnosis of an EFW of <10th
percentile. B, Distribution of the EFW percentiles at the time of the diagnosis of an EFW of <10th
percentile in SGA fetuses SGA. C, Distribution of EFW percentile measurements after 2 weeks of
maternal rest. D, Percentile plots for each fetus. The blue dots are values>10th percentile, and the
red dots are values <10th percentile.
AGA, appropriate for gestational age; EFW, estimated fetal weight; SGA, small for gestational age.
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Statistical analysis for the
intervention group
The EFW, HC, AC, and FL percentile
measurements for each fetus were
graphically plotted vs gestational age for
the following periods: (1) examination
before the diagnosis of an EFWof<10th
percentile in which the fetuses were
appropriate for gestational age (AGA);
(2) at the time of diagnosis of an EFWof
<10th percentile or SGA; and (3) 2
weeks after the initiation of maternal
rest. Using the McNemar analysis, fe-
tuses for each of the following groups
were analyzed: (1) before diagnosis
(AGA) vs diagnosis of an EFWof <10th
percentile (SGA) and (2) diagnosis of an
EFW of <10th percentile (SGA) vs 2
weeks after the initiation of maternal
rest. A P value of <.05 was considered
significant.
The median, 25th percentile, and 75th

percentile were computed for each of the
percentiles for the EFW, HC, AC, and FL
before the diagnosis of an EFWof<10th
percentile (AGA), at the time of diag-
nosis of an EFW of <10th percentile
(SGA), and after bed rest. Using the
nonparametric Bonferroni Multiple
Comparison Test (NCSS 22, Kaysville,
UT), the percentile measurements for
the EFW, HC, AC, and FL were
JANUARY 2025 Ameri
compared for the abovementioned pe-
riods. A P value of <.05 was considered
significant. To examine the effect of
gestational age on the EFW percentiles
for each of the abovementioned periods,
restricted cubic splines were used to
determine the contribution of the effect
of gestational age (R; version 4.2.3; R
Foundation for Statistical Computing,
Vienna, Austria, 2023).

The frequency inwhich SGA fetuses in
the 2 control centers, which did not
recommend bed rest, were reassigned by
an EFW of <10th or >10th percentile
after 3 weeks after the diagnosis of an
SGA fetus. The proportion of reassign-
ments was compared with the bed rest
group using chi-square analysis. A P
value of<.05 was considered significant.

Results
Bed rest group
There were 265 patients assigned to the
bed rest group. The clinical characteris-
tics of patients in this group are pre-
sented in Table 1, and the ultrasound
findings are presented in Table 2.37,38

Neonatal information was not available
for analysis.

The gestational ages at which patients
underwent ultrasound examination
before the diagnosis of SGA, at the time
of diagnosis of SGA, and 2 weeks after
bed rest are displayed in Table 3. There
was no significant contribution of
gestational age to the EFW percentile
measurements.

Changes in biometric parameter
percentiles before and after bed
rest
Estimated fetal weight. The individual
values for the EFW percentiles for each
fetus are plotted in Figure 1, A to C. The
change in percentiles for each fetus is
illustrated in Figure 1, D. By design, all
fetuses were AGAwith an EFWof>10th
percentile before the diagnosis of SGA.
After 2 weeks of maternal rest, 199 of 265
fetuses (75%) had an EFW of >10th
percentile. (McNemar test, P<.001). The
median percentile increased from 6.8
(interquartile range [IQR], 4.4e8.4) to
18.0 (IQR, 9.5e29.5) (Bonferroni
Multiple Comparison Test, P<.05)
(Table 4 and Figure 2).
can Journal of Obstetrics & Gynecology 118.e4
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TABLE 4
Distribution of the percentile for biometric parameters before the diagnosis
of SGA, at the time of diagnosis, and 2 weeks after bed rest for all fetuses
who were exposed to maternal bed rest (n[265)

Variable Quartile measurements

Estimated fetal weight percentile 25th 50th 75th

Before the diagnosis of SGA 19.0 32.0 48.0

At the time of diagnosis of SGA 4.4 6.8 8.4

2 wk after maternal bed rest 9.5 18.0 29.5

Abdominal circumference percentile

Before the diagnosis of SGA 22.5 34.0 49.0

At the time of diagnosis of SGA 2.0 5.0 8.8

2 wk after maternal bed rest 6.0 17.0 31.5

Head circumference percentile

Before the diagnosis of SGA 24.0 38.0 48.0

At the time of diagnosis of SGA 11.0 29.9 43.7

2 wk after maternal bed rest 18.0 33.0 47.0

Femur length percentile

Before the diagnosis of SGA 22.0 36.0 52.0

At the time of diagnosis of SGA 4.0 9.7 18.0

2 wk after maternal bed rest 7.0 18.0 34.5

The percentiles were derived from the corresponding z score of each biometric parameter.

SGA, small for gestational age.
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Abdominal circumference. The indi-
vidual values for the AC percentiles for
each fetus are plotted in Figure 3, A to C.
The change in percentiles for each fetus
is illustrated in Figure 3, D. Of note, 245
of 265 AGA fetuses (92%) had an AC of
>10th percentile before the diagnosis of
SGA, which decreased to 45 of 265 fe-
tuses (17%) at the time of diagnosis of
SGA. After 2 weeks of maternal rest, 177
of 265 fetuses (67%) had an AC of>10th
percentile (McNemar test, P<.001). Af-
ter maternal bed rest, the median AC
percentile increased from 5.0 (IQR,
2.0e8.8) to 17.0 (IQR, 6.0e31.5)
(Bonferroni Multiple Comparison Test,
P<.05) (Table 4 and Figure 2).

Head circumference. The individual
values for the HC percentiles for each
fetus are plotted in Figure 4, A to C. The
change in percentiles for each fetus is
illustrated in Figure 4, D. Of note, 255 of
265 AGA fetuses (96%) had an HC of
118.e5 American Journal of Obstetrics & Gynecol
>10th percentile before the diagnosis of
SGA, which decreased to 208 of 265 fe-
tuses (78%) at the time of diagnosis of
SGA. After 2 weeks of maternal rest, 227
of 265 fetuses (86%) had an HC of
>10th percentile (McNemar test,
P<.006). After maternal bed rest, the
median HC percentile increased from
29.9 (IQR, 11.0e43.7) to 33.0 (IQR,
18.0e47.0) (Kruskal Wallis for repeated
measures, P<.05) (Table 4 and Figure 2).

Femur length. The FL percentiles for
each fetus are plotted in Figure 5, A to C.
The change in percentiles for each fetus
is illustrated in Figure 5, D. Of note, 253
of 265 AGA fetuses (95%) had an FL of
>10th percentile before the diagnosis of
SGA, which decreased to 131 of 265 fe-
tuses (49%) at the time of diagnosis of
SGA. After 2 weeks of maternal rest, 187
of 265 fetuses (71%) had an FL of>10th
percentile (McNemar test, P<.006). Af-
ter maternal bed rest, the median FL
ogy JANUARY 2025
percentile increased from 9.7 (IQR,
4.0e18.0) to 18.0 (IQR, 7.0e34.5)
(Bonferroni Multiple Comparison Test,
P<.05) (Table 4 and Figure 2).

Comparison between the
intervention and the control groups
diagnosed with an estimated fetal
weight of <10th percentile in which
maternal rest was not part of the
clinical recommendations
The clinical characteristics of patients in
the control groups are summarized in
Table 1, and the ultrasound findings are
summarized in Table 2.37,38 The Texas-
Michigan cohort identified 37 fetuses
using the same diagnostic criteria as
those in the bed rest group with an EFW
of<10th percentile. The gestational ages
at which patients underwent ultrasound
examination at the time of diagnosis and
3 weeks after the diagnosis in patients
who were not prescribed bed rest are
presented in Table 3. Of the 37 fetuses
with an EFWof <10th percentile, only 7
(19%) became AGA after the diagnosis
of SGA, which is significantly lower than
the 199 of 265 fetuses (75%) in the bed
rest group (P<.001).

In the Colorado study group, 111 fe-
tuses were identified using the same
diagnostic criteria as those in the bed rest
group. The gestational ages at which
patients underwent ultrasound exami-
nation at the time of diagnosis and 3
weeks after the diagnosis in patients who
were not prescribed bed rest are pre-
sented in Table 3. Of the 111 fetuses
diagnosed with SGA, 13 (12%) became
AGA at the follow-up examination. This
was significantly less than in the bed rest
group (13/111 [12%] in the Colorado
study group vs 199/265 [75%] in the bed
rest group; P<.001).

Growth trends following the
initiation of maternal rest
Figure 6 illustrates 3 examples of EFW
growth profiles and the corresponding
percentage and number of fetuses in
each group. Figure 6, A, demonstrates a
sustained acceleration of growth of the
EFW of >10th percentile after the
implementation of maternal rest (168
[63%]). Figure 6, B, demonstrates fe-
tuses who increased their growth of the

http://www.AJOG.org


FIGURE 2
Box and whiskers plots

The mean, 25th percentile, and 75th percentile are displayed from the quartile distribution of the
percentile measurements for the estimated fetal weight (A), abdominal circumference (B), head
circumference (C), and femur length (D).
AGA, appropriate for gestational age; SGA, small for gestational age.
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EFW along the growth curve but
remained below the 10th percentile after
the implementation of maternal rest (49
[19%]). Figure 6, C, demonstrates fe-
tuses who increased their EFW after
maternal rest but had a deceleration of
the EFW at the time of the last exami-
nation (48 [18%]).

Discussion
Principal findings
First, fetuses with an EFW of <10th
percentile had a response to maternal
rest in which 199 of 265 fetuses (75%)
had increased EFW of >10th percentile.
Second, in 265 fetuses, there was a sig-
nificant increase in the number with
measurements >10th percentile after
maternal rest for the HC, AC, and FL.
Third, in fetuses with an EFW of <10th
percentile from the control groups in
which the patients were not placed at
maternal rest after the diagnosis of an
EFW of <10th percentile, there was a
significantly lower percentage who
demonstrated an increase in the EFWof
>10th percentile for the Texas-Michigan
cohort (7/37 [19%]) and the Colorado
cohort (13/111 [12%]) at the follow-up
examination than the study cohort of
199 of 265 fetuses (75%) (P<.0001).
Comparing these 2 cohorts with the bed
rest group suggests that the increase in
fetal growth at the 2-week follow-up
examination may be the result of
maternal rest.
JANUARY 2025 Ameri
Results in the context of what is
known
The Cochrane Library reviewed the ef-
fect of bed rest on fetal growth in 1996,
2010, and 2020 and found only 1 study
published in 1987 by Laurin and Pers-
son,32 who evaluated 107 patients whose
EFW was <2 standard deviations below
the mean. Of the 107 patients, 49 were
placed on complete bed rest in the hos-
pital, and 58 were evaluated as out-
patients who were instructed to rest only
on weekends.32 The fetuses were evalu-
ated at 2-week intervals. There was no
significant difference in the mean EFW
before delivery between hospitalized and
ambulatory patients.32 The authors
concluded that in-hospital bed rest was
not beneficial for improved fetal growth
or pregnancy outcome.32,39 This study
referenced in the Cochrane review has
been cited in publications by the SMFM,
FIGO, and the German Society of Gy-
necology and Obstetrics,23,24,32,40 as
support for suggesting that maternal rest
does not improve fetal growth after the
diagnosis of a fetus with an EFW of
<10th percentile.

Although bed rest has been prescribed
for several obstetrical complications, in
general, the evidence of the benefit of
bed rest has not been shown to be
beneficial and has been the subject of
controversy in the medical and
nonmedical literature.41e45 Currently,
there is no option that has demonstrated
improvement in growth in fetuses with
an EFW of <10th percentile.45 In a
recent study, Roberts et al46 reported
improved neonatal outcomes in fetuses
who were diagnosed with growth re-
striction after 26 weeks of gestation and
had resolution of growth restriction
before delivery. The current study sug-
gests that there may be a role for
maternal bed rest that could increase
growth to >10th percentile in fetuses
with an original diagnosis of an EFW of
<10th percentile.

Response of the head and
abdominal circumferences and
femur length to maternal rest
Head circumference. During growth
restriction, there is an increase in blood
can Journal of Obstetrics & Gynecology 118.e6
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FIGURE 3
AC percentile values plotted against gestational age

A, Distribution of the AC percentiles in AGA fetuses before the diagnosis of an EFW of <10th
percentile. B, Distribution of the AC percentiles at the time of the diagnosis of an EFW of <10th
percentile in SGA fetuses. C, Distribution of AC percentile measurements after 2 weeks of maternal
rest. D, Percentile plots for each fetus. The blue dots are values>10th percentile, and the red dots
are values <10th percentile.
AC, abdominal circumference; AGA, appropriate for gestational age; EFW, estimated fetal weight; SGA, small for gestational age.
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flow to the brain, which is first detectable
in the anterior cerebral artery, followed
by the middle cerebral artery, and finally
the posterior cerebral artery.47,48 When
the pathologic process is sustained, brain
growth deceleration may occur, which
manifests as a decrease in the HC. Unlike
the AC, the HC demonstrated less of a
decrease in growth from before the
diagnosis to the diagnosis of an EFW of
<10th percentile, suggesting that brain
sparing occurs in some of the fetuses.

Abdominal circumference. After
maternal rest, the AC significantly
increased to >10th percentile. Because
118.e7 American Journal of Obstetrics & Gynecol
of parallel circulation,49 the fetus dis-
tributes blood from the right ventricle to
the ductus arteriosus into the descending
aorta, whereas the left ventricle provides
blood to the upper body and brain. As a
result of placental dysfunction, blood
may be shunted away from the liver to
the right atrium, resulting in decreased
growth of the liver, which is the main
organ comprising the image obtained for
AC measurement. In 2022, Marchand
et al50 examined 1316 fetuses with an
EFW of <10th percentile to determine
which biometric measurements (HC,
BPD, AC, and FL) and ratios (FL-to-AC
and HC-to-AC) predicted an abnormal
ogy JANUARY 2025
fetal weight. Between 34 and 39 weeks of
gestation, the AC was the best predictor
of a fetus with an EFW of <10th
percentile (sensitivity of 90%, specificity
of 91%, positive predictive value of 74%,
and negative predictive value of 97%).50

These findings were consistent with
previous observations that the AC is the
most frequent biometric measurement
that changes with growth restriction.51

Femur length. At the time of diagnosis
of an EFW of <10th percentile, the per-
centage of fetuses with an FL of <10th
percentile was the second most common
abnormal measurement other than
decreased AC. In 2012, Goetzinger et al52

reported a small FL that was associated
with decreased growth and premature
delivery. In the current study, an FL of
<10th percentile at the time of diagnosis
of an EFW of <10th percentile signifi-
cantly improved after maternal rest.

The rationale for resting in the left
lateral position
As changes in blood flow to the maternal
heart result in compression of the infe-
rior vena cava (IVC) when the pregnant
patient is supine, investigators using
magnetic resonance imaging (MRI) have
examined the effect of placing the patient
in the left lateral position.27 In a study by
Higuchi et al27 in 2015, it was reported
that there was no increase in IVC blood
flow when the patient went from the
supine position to a 15� left lateral tilt
(3.2 vs 3.0 mL). However, there was a
significant increase in IVC blood flow
using a 30� left lateral tilt (3.2 vs 11.5
mL) and a 45� left lateral tilt (3.2 vs 10.9
mL).27 Although there are several tech-
niques to measure stroke volume and
cardiac output,28 investigators using
Doppler ultrasound and MRI have re-
ported that cardiac output is decreased
in the supine position compared with the
left lateral position.29e31 In an MRI
study by Rossi et al,31 the authors
examined pregnant women at 20 weeks
of gestation and reported a significant
increase in ejection fraction (8%) and
stroke volume (27%) of the left ventricle
when the patient was in the left lateral
position compared with the supine po-
sition. At 32 weeks of gestation, there
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FIGURE 4
HC percentile values plotted against gestational age

A, Distribution of the HC percentiles in AGA fetuses before the diagnosis of an EFW of <10th
percentile. B, Distribution of the HC percentiles at the time of the diagnosis of an EFW of <10th
percentile in SGA fetuses. C, Distribution of HC percentile measurements after 2 weeks of maternal
rest. D, Percentile plots for each fetus. The blue dots are values>10th percentile, and the red dots
are values <10th percentile.
AGA, appropriate for gestational age; EFW, estimated fetal weight; HC, head circumference; SGA, small for gestational age.
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was a significant increase in ejection
fraction (11%), end-diastolic volume
(21%), stroke volume (35%), and car-
diac output (24%) when the patient was
in the left lateral position compared with
the supine position.31 In a recent study
by Couper et al53 using MRI to evaluate
blood flow in the maternal, placental,
and fetal circulations, the left lateral
maternal position resulted in increased
blood flow and delivery of oxygen to the
fetus compared with the supine position.
Investigators have reported an increase
in the fetal middle cerebral artery pul-
satility index when patients were in the
left lateral position in both high-risk and
low-risk pregnancies.54 In addition, the
fetal urine production and amniotic
fluid index have been demonstrated to
increase when the patient went from the
supine position to the left lateral
position.55,56

In a recent study by Ling et al57 in
2021, the authors measured maternal
cardiac output, systemic vascular resis-
tance, EFW, and cerebroplacental ratio
throughout pregnancy and classified the
results by fetal weight groups (<10th
percentile, 10th to 19.99th percentile,
20th to 29.99th percentile, 30th to
JANUARY 2025 Ameri
69.99th percentile, and 70th to 99th
percentile). Although the sequential
change in cardiac output was similar for
all fetal weights as a function of gesta-
tional age, fetuses with an EFWof<10th
percentile had the lowest maternal car-
diac output measured during the third
trimester of pregnancy compared with
those withweights of>10th percentile.57

As maternal cardiac output is the lowest
when the EFW is<10th percentile, there
is a potential to increasematernal cardiac
output in this group of fetuses by
maternal resting in the left lateral
recumbent position.

Problems with the maternal
supine position when resting
When patients were requested to begin
maternal rest after the diagnosis of an
EFW of <10th percentile, 1 option was
resting in either the supine position or
the left lateral position. Supine maternal
rest has been reported not to be advan-
tageous for pregnant women. In 1964,
Kerr et al58 reported that the IVC was
obstructed when the third-trimester
pregnant patient was in the supine po-
sition, resulting in venous flow returning
to the heart by way of ascending lumbar
veins and the complex of veins sur-
rounding the spinal canal that coalesced
with the ascending azygous vein. In
2021, Hughes et al59 reported findings
from anMRI study of the IVC and found
that the spinal venous plexus increased
its blood flow when the patient was su-
pine and the IVC flow was decreased,
thus maintaining adequate blood flow to
the heart. These findings are in contrast
to what Ueland et al60 reported in 1969,
namely, that there was little change in
cardiac output between the supine po-
sition and the left lateral position until 24
weeks of pregnancy, after which the
cardiac output decreased in the late third
trimester of pregnancy for the supine
position. The change in cardiac output
was the result of decreased stroke vol-
ume, as the heart rate remained con-
stant.60 These findings have recently
been reaffirmed in a study of 400 preg-
nant women in which using the supra-
sternal notch to measure cardiac blood
flow demonstrated an increase in heart
rate during pregnancy and a decreased
can Journal of Obstetrics & Gynecology 118.e8
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FIGURE 5
FL percentile values plotted against gestational age

A, Distribution of the FL percentiles in AGA fetuses before the diagnosis of an EFW of <10th
percentile. B, Distribution of the FL percentiles at the time of the diagnosis of an EFW of <10th
percentile in SGA fetuses. C, Distribution of FL percentile measurements after 2 weeks of maternal
rest. D, Percentile plots for each fetus. The blue dots are values>10th percentile, and the red dots
are values <10th percentile.
AGA, appropriate for gestational age; EFW, estimated fetal weight; FL, femur length; SGA, small for gestational age.
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stroke volume in the third trimester of
pregnancy with a corresponding
decrease in cardiac output.61 In addition,
investigators have reported that sleeping
in the supine position was associated
with a decrease in fetal weight and an
increase in the stillbirth rate.62e69

Clinical implications
Although the ACOG, SMFM, ISUOG,
and FIGO referenced a study conducted
in 1987 that found no difference in fetal
growth for 107 patients who had been
placed on hospital rest or who were
118.e9 American Journal of Obstetrics & Gynecol
ambulatory with resting only on week-
ends, there is a paucity of research
examining whether maternal rest in the
left lateral recumbent position improves
growth when the EFW is <10th
percentile.23e25,40 The current study is
relevant because it examines the effect of
maternal rest when fetuses are identified
with an EFWof<10th percentile. All 265
fetuses in the bed rest group had a pre-
vious EFW of >10th percentile, thus
demonstrating a deceleration of growth
and separating them from fetuses who
were constitutionally small. In the
ogy JANUARY 2025
current study, 199 of 265 fetuses (75%)
in the bed rest group accelerated their
EFW to >10th percentile.

Research implications
The current study suggests that bed rest
in the left lateral position is an effective
intervention to improve growth with an
EFWof<10th percentile. It is important
to identify the amount of rest required to
observe an acceleration of fetal growth of
>10th percentile. If a significant increase
in the EFW percentile could occur with
fewer hours of rest, that would be pref-
erable for the patient. Therefore, ran-
domized studies could examine the
effect of various durations of rest to
determine the fetal response. In addi-
tion, studies could examine whether
maternal rest improves neonatal out-
comes in this group of fetuses.70e72

Finally, as fetal programming of the
cardiovascular system occurs when fe-
tuses have an EFWof<10th percentile, it
would be important to evaluate those
newborns who responded to maternal
rest while in utero to determine whether
improved fetal growth resulted in a
decrease of the postnatal cardiovascular
and other changes associated with poor
fetal growth.73e79

Strengths and limitations
The strength of the current study is the
number of fetuses with an EFWof<10th
percentile who were identified to be
normal before the development of an
EFW of <10th percentile. In addition,
the clinical recommendations for
maternal rest were consistent for each
patient. There were several limitations:

1. There was no allocation of fetuses
from the California bed rest group to
a control group of nonebed rest pa-
tients because of the first author’s
preference for recommending
maternal rest from his clinical expe-
rience and the results of a survey in
which bed rest was recommended by
maternal-fetal medicine specialists in
1994.80

2. There was no neonatal follow-up.
Therefore, the effect of bed rest on
neonatal outcomes remains
unknown.
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FIGURE 6
The 3 common growth trends after the initiation of maternal bed rest

The percentage and number of fetuses for each category are listed for all fetuses with an EFW of <10th percentile. A, The EFW accelerated >10th
percentile after maternal bed rest and maintained the growth >10th percentile (168 [63%]). B, The EFW did not accelerate >10th percentile after
maternal bed rest but maintained a normal rate of growth (49 [19%]). C, The EFW growth rate decelerated at the last examination (48 [18%]).
EFW, estimated fetal weight.
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3. Compliance was not assessed other
than by verbal inquiry at the follow-
up examination 2 weeks after the
diagnosis of an EFW of <10th
percentile.

4. No result of antepartum testing was
available.

Although the study might be consid-
ered as “hypothesis generating,” a ran-
domized controlled study would be
appropriate to test the hypothesis that
bed rest improves fetal growth when the
EFW is <10th percentile.

Conclusions
Our results suggest that maternal bed
rest increases growth in a subset of fe-
tuses with an EFW of <10th
percentile. n
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