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Abstract

Objectives: To describe the fectal growth pattern of a population from rural Guatemala and determine when during
gestation growth faltering becomes evident. Methods: Ultrasound cxaminations were conducted for 319 women.
Femur length (FL), biparictal diameter (BPD), abdominal (AC) and head circumference (HC) were compared with
reference values. Results: FL and AC were similar to reference values throughout gestation. BPD and HC were below
the 50th percentile by 30 wecks' gestation and below the 10th percentile later in gestation. We cxpected all four
dimensions to show marked growth restriction during gestation. Mcasurement differences may cxplain the results but
would call into question the value of cross-study comparisons. Infants born small for gestational age were small in
all measures as early as 15 wecks. Conclusions: Fetal growth faltering begins in carly gestation among infants who
were bomn small. The lack of deviation from refercnce data for FL. and AC requires further clarification,
© 2003 International Federation of Gynecology and Obstctrics. Published by Elscvier Ircland Ltd. All rights reserved.
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1. Introduction mainly middle or higher sociocconomic status

groups. Ultrasound is still relatively uncommon in

Ultrasound mecasurement for the purposc of
gestation dating and the detection of fctal abnor-
malitics is now a routinc part of obstctric carc in
most developed countrics. In rural arcas of dcvcl-
oping countries, where a large percentage of
infants are born small, fctal growth failurc often
remains undetccted until birth. Rccent studics
report data from diverse populations [1-4] but arc
typically urban and hospital-bascd, thus capturing
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rural arcas of devcloping countrics, and, to our
knowledge, no systecmatic asscssment of fetal
growth using ultrasound has bcen conducted in a
marginally malnourished, rural population,

The ctiology of fetal growth failure in poor
socictics, and its conscquences in the short and
long term has been reported extensively in the
litcraturc. We know that, on average, birth weight,
length and hcad circumference arc smaller in
infants dclivered to poor, rural women when com-
parcd to infants of women from urban, higher
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socioeconomic groups of the same ethic origin
living in the same country [5,6] or to international
reference data [7,8]. A higher prevalence of intra-
uterine growth restriction (ITUGR) has been report-
ed in most rural areas of dcveloping countries than
in industrialized countries [9,10] and the relation-
ship between poor maternal nutritional status and
restricted fetal growth is well documented [10].

In Guatemala, up to 50% of infants ar¢ born
with small crown—-hcel length for gestational age
and approximatcly 20% arc born with low weight
for gestational age. We do not know when during
gestation differences in fctal size between infants
born small and adequate for gestational age
become manifest. Knowing when growth failure
becomes detectable could have important impli-
cations for the timing of interventions during
pregnancy to prevent fetal growth failure and for
the use of ultrasound for prcgnancy dating. For
example, if the fetuses of marginally malnourished
women have notably smaller head size in carly
gestation, the comparison of biparietal diameter to
standard reference tables to cstimate gcstational
age may result in an undcr-cstimate of age due to
small fctal size.

This analysis uscs cross-sectional and longitu-
dinal data of fctal growth mecasured by ultrasound
in rural Guatemala. Our purposc is to describe
patterns of growth as wcll as to dctermine when
during gestation growth faltering can be detected.

2. Subjects and methods

2.1. Recruitment and birth measures

All women between 19 and 34 ycars of age
from four rural villages in eastern Guatemala were
visited in thcir homes cvery thrce months from
August 1996 until Junc 1999 and asked to recall
the date of their last menstrual period (LMP).
Pregnancy was identified as a missed menstruation
and confirmed by clinical assessment conducted
by a physician. All pregnant women were invited
to participate in a longitudinal study and thosc
intcrested signed an informed consent declaration.
They received frec prenatal care (at a mean of 11,
20, 30 and 37 wecks) from ficld staff nurses of

the Institute of Nutrition of Central America and
Panama, Two ultrasound exams wcre programmed
for cach woman, with additional ultrasound meas-
urcments taken during cxams that were scheduled
for obstctric follow-up rcasons.

Women and infants were weighed on an clec-
tronic scale (Modcl 1582, Tanita Corp., Arlington
Hcights, IL), and height and crown-hcel length
measured using a portablc stadiometer/infanto-
mcter (Schorr Productions, Glen Bumey, MD).
Necwborns were measurcd within 48 h of birth.
The current analysis includes the sub-sct of women
who had at least onc ultrasound cxam conducted
any time during pregnancy, singleton pregnancy
and infant born without congenital anomalics.

2.2. Gestational age estimation and ultrasound
measurements

An accurate cstimate of gestational age, inde-
pendent of ultrasound measurcments to avoid
crrors in age related to fetal size is essential for
mccting the study objectives. Therefore, for this
analysis we cstimated gestational age based on
recalled date of LMP and included only thosc that
resulting in a gestational age at birth within accept-
able limits (<43 wceks).

Fctal mecasurcments werc made using rcal-time
ultrasound on a portable machine (Medison Eurcka
600, Mcdison Inc., Scoul, South Korca) equipped
with a 3.5 MHz transducer at a vclocity of 1540
m/s. Scanning continucd until an adcquate image
was cncountcred, that image was frozen and meas-
urcs made using the machincs’ electronic caliper.
Repeat measures were taken from scparate scans;
thrcc measurcs within 2 mm for BPD and femur
Iength, two measures within 2 mm for tibia and
humecrus length and, two mecasurcs within 8 mm
for hcad and abdominal circumference. One of
two traincd obstctricians made all the ultrasound
measurements. Ultrasound results were also record-
cd on a report form, which was given to the
participant for her information and medical follow-
up.

Biparictal diameter was measurcd from the outer
cdge of the proximal parictal bone to the inner
cdge of the distal parictal bone [11]. Femur length
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Table 1
Maternal anthropometric measures before pregnancy and infant
anthropometry and gestational age at birth*

N Mean £ 8S.D.
Gestational age, weeks 319 39.5+1.8
Birth weight, kg 284 3.0610.46
Birth weight Z score® 283 —0.47£1.02
Birth length, cm 267 48.31+2.0
Birth length Z score® 265 —1.01£0.98
Maternal age, years 319 259+4.5
Maternal height, cm 313 149.6 £ 5.5

Matemnal pre-pregnant weight, kg 262 52.9410.0

® Includes all mother—infant pairs (n=319) who met the
inclusion criteria, regardless of whether pregnancy and birth
information was complete. Therefore, n for measurcs will
differ.

® Based on sex- and gestational-age specific reference of
Miller and Hassanein [14].

Table 2
Head and abdominal measurements by week of gestation

was mcasurcd according to the method of O’Bricn
and Queccnan [12] and tibia and humerus length
according to the method described by Hansmann
and co-workers [13]. Hcad and abdominal circum-
ferences were measured based on ellipse fitting
using standard tcchniques [11].

2.3. Statistical analysis

Ultrasound measures of fectal size arc presented
as tables of means and standard deviations for
wecek of gestation with sexes combined to facilitate
comparisons with published references. The com-
parisons between the current data and the reference
values arc presented graphically for the entire
sample. We also rclated fctal size to newbomn size.
Z scores (actual mcasurc—rcference mean/refer-

Weceks of Biparietal diameter® Head circumference Abdominal circumference
gestation (mm) (mm) (mm)

N Mean S.D. N Mean S.D. N Mean S.D.
14 8 29.1 34 5 113.2 8.6 5 98.4 10.4
15 43 309 2.7 39 1154 93 39 099.2 9.2
16 73 34.1 3.1 69 1249 10.5 67 108.8 10.1
17 47 385 54 44 137.8 10.9 45 1213 10.7
18 23 39.8 32 23 145.3 12.1 23 127.0 14.4
19 13 429 3.0 13 158.2 11.7 13 141.9 16.9
20 14 48.6 28 14 176.2 6.7 14 158.4 8.6
21 22 49.8 33 22 181.3 16.3 22 161.0 129
22 8 55.0 7.4 8 200.5 28.7 8 172.9 14.8
23 NR NR NR
24 11 57.7 11.1 11 212.4 39.1 11 195.2 41.2
25 5 64.0 4.3 5 236.2 21.5 5 2134 247
26 NR NR NR
27 NR NR NR
28 20 71.4 8 19 260.1 113 19 2424 11.8
29 69 74.7 17 68 2722 11.6 68 256.4 17.7
30 149 76.9 38 148 280.0 12.0 148 259.5 20.6
31 39 774 38 8 281.1 13.3 39 263.8 17.3
32 15 80.7 3.2 15 290.6 12.0 15 279.5 219
i3 9 80.7 6.1 8 295.0 18.7 9 280.8 204
34 13 83.5 58 12 304.8 16.6 12 305.3 344
35 12 879 4.0 11 312.8 14.2 11 3133 23.7
36 23 858 4.1 23 316.0 142 22 3104 283
37 17 86.4 53 15 317.6 22.7 16 322.6 30.0
38 6 87.5 2.1 6 3143 9.9 5 326.6 13.5

NR, data not reporied for gestational ages with n<35.

®* Mcasured from the outer edge of the distal parietal bane to the inner edge of the proximal parictal bone.
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Table 3

Long bone measurcments of the leg and arm by week of gestation

Weeks of Femur length (mm) Tibia length (mm) llumerus length (mm)

gestation N Mean S.D. N Mean S.D. N Mean S.D.
14 6 17.3 2.7 4 13.5 1.9 -

15 39 18.8 29 37 15.0 29 35 18.7 il
16 71 20.8 2.8 60 17.8 2.7 63 21.0 30
17 46 247 4.9 4] 20.0 3.0 42 24.6 32
18 23 26.2 38 21 21.6 3.7 21 259 37
19 13 290.1 2.5 13 258 3.2 13 288 2.8
20 14 336 30 14 293 2.2 14 329 3.1
21 22 34,6 1.9 20 30.8 2.6 19 342 29
22 8 38.9 59 8 35.1 57 8 36.5 54
23 NR NR NR

24 11 43.3 9.6 10 385 2.0 10 40.1 1.7
25 6 47.4 4.8 5 424 50 5 438 33
26 NR NR NR

27 NR NR NR

28 19 55.1 2.0 17 47.6 3.0 18 493 1.8
29 69 57.0 2.9 64 498 15 66 50.7 230
30 149 58.5 2.8 144 51.1 29 144 519 31
31 39 58.8 34 38 51.6 34 37 52.0 35
32 15 62.0 3.9 15 544 36 15 55.1 38
33 9 62.4 3.7 7 54.1 29 8 543 32
34 13 66.1 49 12 54.7 59 12 59.2 4.0
35 11 68.6 33 9 60.1 39 11 60.4 23
36 23 70.5 4.0 21 60.9 4.0 22 62.0 il
37 17 70.9 4.9 14 60.5 43 14 61.9 6.3
38 6 72.7 3.7 NR NR

NR, data not reported for gestational ages with n<5.

ence standard deviation) for birth weight and birth
length were calculated based on the reference of
Miller and Hassancin [14]. Infants whose length
for gestational age at birth fcll below the tenth
percentile were considered short for gestational
age and wecight for gestational age lcss than the
reference tenth percentile were classified as small
for gestational age (SGA).

Ultrasound measurcs of biparictal diamcter
(BPD), head circumference (HC), abdominal cir-
cumference (AC), and femur length (FL) were
converted to Z scores using the gestational age
specific mean and standard deviation from a pop-
ulation from London, England [15-17] and were
comparcd between SGA and non-SGA infants.
This refercnce was chosen because it provides
information on most of the measurcs presented in
this study and ultrasound mecasurcment techniques
were similar to ours. Mean Z scores for BPD, HC,

AC, and FL are presented for the second (15-22
weeks® gestation), early third (29-32 weeks), and
late third (35—38 wecks) trimesters. The measure-
ments were grouped in this fashion to increase
sample size at cach period and arc compared by
t-tests for SGA and non-SGA infants. P-valucs
<0.05 were considered statistically significant.

This study rcccived clearance from the Comell
University Committee for Rescarch on Human
Subjects, and thc Rescarch Subjects Committec at
INCAP. Statistical analyses werc conducted on a
personal computer using SAS for Windows Ver-
sion 6.12 (SAS Institute Inc., Cary, NC).

3. Results

Ultrasound exams were conductcd for 319 wom-
cn. Data arc availablc for two repeat cxams for
158 (49.5%), three cxams for 77 (24.1%), four



224 L.M. Neufeld et al. / International Journal of Gynecology and Obstetrics 84 (2004) 220-228

90
80

70

BPD ,
(mm)

50
40
a0

20

10 T e r
12 15 18 21

™

27 30 33 36

Length of gestation (weeks)

Fig. 1. Biparietal diameter (BPD; mm) for weck of gestation compared with reference 10th (dashed line) and 50th (solid line)
percentile [15). Data for Guatemalan sample (mean+ S.D.) are shown when n> 5.

exams for 15 (4.7%), and five exams for two
(0.6%) women. The remaining 67 (21.0%) women
had one ultrasound exam during thc prcgnancy.
Maternal and newborn anthropometry is shown in
Table 1.

No diffcrences between the sexes were found
before 30 wecks gestation but by 30-31 wecks,
male fctuses had larger BPD, HC, and longer
humerus (P<0.05) (data not shown). Mecans and
standard deviations by week of gestation for the
sexes combined are prescnted in Table 2 for BPD,
HC, and AC and in Table 3 for femur, tibia, and
humerus length.

BPD (Fig. 1) and HC (not presented) show a
growth pattern very similar to the rcference median
up to approximatcly 30 weeks after which both
mcasurcs arc smaller compared with the reference.
Mcan valucs for AC (not presented) and FL (Fig,.
2) in this population arc at or above the refercnce
50th percentile throughout gestation. Published
valucs for FL in populations from Papua New
Guinea [2], Australia [18], and India [4] are
compared with the Guatemalan sample and the
London reference data [16] in Fig. 2.

Seventy-five infants (22.7%) were classificd as
SGA and 127 (38.4%) were born with short length

for pcstational age. The prevalence of preterm
birth (<37 wecks) was 5.7% (n=19). SGA
infants werc shorter in length (P<0.01) but had
similar mcan gcstational age compared with non-
SGA infants. Infants were borm SGA had signifi-
cantly (P<0.05) smaller BPD and HC by 30
weceks gestation and significantly (P <0.05) small-
cr FL and AC throughout gestation compared to
their non-SGA counterparts (Fig. 3).

4. Discussion

In rural arcas of dcveloping countrics, the causes
of faltering growth in utero differ from those in
developed countrics and the prevalence of IUGR
and short length for gestational age at birth arc
considcrably higher. Ultrasound mcasures in such
populations should, thercfore, be smaller than ref-
crence valucs from healthy, developed country
populations at some point during gestation. Infor-
mation on fctal growth pattcrns in such populations
is uscful to understand the timing of intrauterine
growth faltering and may assist in the design of
cffective, timely interventions to reduce the prev-
alence of IUGR. Finally, as ultrasound bccomes
morc cconomical and accessible, it is esscntial to
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Fig. 2. Femur length (FL; mm) for week of gestation compared with FL. measurcments from England [16] (solid line), Australia
[18] (line and dash), Papua New Guinea [2] (dashed line), and India [4] (). Data for Guatemalan sample (@; mean 1+ S.D.) are

shown when n> 5.

document how ecarly fctal growth faltering may
influence gestational age estimation bascd on
ultrasound.

Considering that the Guatemalan infants in this
study were born small on average comparcd to the
reference, we expected that this would be reflected
in the ultrasound measurements from that point in
gestation when growth restriction begins. BPD and
HC confirm our expcctations in that thcy do
indicate growth restriction, cvident at 30 weceks’
gestation, Contrary to our expcctations, FL and
AC do not conform to the pattern of growth
restriction. Both dimensions closcly follow to the
reference mecan throughout gestation. At this time,
we have no adequatc explanation of these findings.
Mean length at birth in this population is 1 S.D.
below the reference of length for gestational age,
and the entire distribution of birth length is shifted,

suggesting that lincar growth of long bones must
have becen compromised during gestation.
Although the dcscription of mecasurcment tech-
niques for FL and AC is similar betwcen the
reference and our study, slight systematic differ
cnces in technique may cxplain these finding.
Standard dcviations for all ultrasound measures in
the current scries tend to be slightly higher than
thosc reported in the literature, particularly in mid-
gestation. This may be duc to small sample size
at some gestational ages or may rcflect increased
variability duc to fctal growth restriction. Consid-
cring that our ultrasonographers were highly
traincd and underwent a standardization cxcrcise
to cnsure appropriatc mcasurcment techniques, we
do not bcelicve that the higher S.D. is rclated to
grcater mcasurecment crror. Other studics from
developing countrics have reported data for ultra-
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Fig. 3. Mean ultrasound Z scores for biparietal diameter (BPD), head circumference (HC), abdominal circumference (AC) and
femur length during the 2nd trimester (15—18 weeks® gestation), early 3rd trimester (28-32 weeks), and late 3rd trimester (35-38
weeks) for infants with (O) and without (H) low weight for gestational age at birth. *P <0.05; **P<0.01.

sound measurcments which are inconsistent with
their small mean birth size (sce c.g. FL from
Papua New Guinea and India; Fig. 2). Until studics
that assure similar tcchnique in developed and
developing countries are conducted, it is difficult
to make conclusions regarding the differences in
fetal size between decveloping country mcasure-
ments and developed country references.

The comparison of ultrasound mecasurements of
Guatemalan infants born SGA and non-SGA
avoids potential errors due to diffcrences in meas-
urcment technique between our study and pub-
lished references. By 15 weeks’ gestation, FL and
AC are significantly smaller among SGA infants.
Although the differences did not rcach statistical
significance, a similar pattern is cvident in BPD
and HC. Contrary to the conclusions made when
our results are comparcd with reference valucs, the
comparison bctween SGA and non-SGA infants
suggests that growth faltcring begins carly in
gestation and affects all dimensions of fetal size.

Small BPD in thc sccond trimester may have
important implications for the estimation of ges-
tational age bascd on ultrasound in this population.
The BPD of infants cventually born SGA is
approximatcly 0.3 standard dcviations or 0.75 mm
at 15—-18 wecks’ gestation compared with non-
SGA infants. Considcring that the growth rate of
BPD from 16 to 19 wecks’ gestation is approxi-
matcly 3.08 mm/weck [19], this difference would
translate into 2-3 days of gcstational age. This
could bias the cstimation of gestational age using
BPD in populations such as Guatcmala. However,
in our sample, there was no difference between
SGA and non-SGA newboms in BPD-bascd ges-
tational age implying that the smaller BPD among
SGA infants during the carly second trimester was
not large cnough to influcnce gestational age
cstimation.

One strength of this study is that our gestational
age cstimation is independent of fetal size. In rural
arcas of decvcloping countrics, it is common for
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women to be unsure of LMP date and to prcsent
for prenatal care late in pregnancy resulting in
large errors in gestational age estimation. Becausc
this was a large longitudinal study with training to
ensure high quality information regarding LMP,
and early identification of pregnancies, LMP datcs
are probably more accurate than generally possible.

The women who participatcd in thc current
study are marginally malnourished as cvidenced
by short maternal height (mean =149 cm) and low
total weight gain during pregnancy (mean=38 kg).
When nutritional status during carly childhood was
improved in this population through nutritional
supplementation, lincar growth improved [20], as
did birth size in the subsequent generation [21].
This suggests that nutrition is a limiting factor for
growth both pre- and postnatally and that the high
prevalence of SGA may reflect a high prevalence
of IUGR related to matcrnal nutritional deficicncy.
In this study, we found that infants who were
eventually born SGA were smaller in all ultrasound
measurements beginning as carly as 15 wecks’
gestation. An association between small fetal size
in the first trimester and higher risk of low birth
weight has previously been reported in a popula-
tion from the UK [22]. This may have important
implications for the timing of intcrventions to
improve fetal growth in marginally malnourished
populations. A strong rclationship has been found
between maternal anthropometry during different
stages of pregnancy and infant birth weight and
recumbent length [23]. The relationship between
maternal past and current nutritional status, with
an emphasis on pre- and early prcgnancy and its
relation to fetal growth in both early and latc
gestation needs to be established.
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