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Abstract : Objectives : To establish fetal growth velocity curves in twin pregnancy and to inves-
tigate the relationship between growth patterns and the placental weight/birth weight ratio
(PW-BWR). Methods : Fifty-one concordant and forty discordant twins had ultrasound exami-
nations at weekly or biweekly intervals, from 20 weeks until delivery. The fetal growth velocity
(FGV) was calculated for each fetus. Disparities in the FGV and the PW-BWR between larger
(L) and smaller (S) fetuses of concordant and discordant twins were determined. Results : Concor-
dant L and S and discordant L fetuses showed similar growth velocity patterns, reaching a maxi-
mum at 31 weeks. Discordant S fetuses were growth-retarded at 21-23 weeks, followed by
“catch-up” growth until 31 weeks, and then were growth-restricted thereafter. In the concor-
dant twins, no difference in the PW-BWR between L and S fetuses were shown at <31 weeks and
=31 weeks. In the discordant L and S fetuses, the PW-BWR of S fetuses were higher than that
of the L fetuses at <31 weeks (P<0.05), but not different between the L and S fetuses at =31

weeks. Conclusion : These findings may suggest an adaptive mechanism in discordant twin fe-

tuses, which maximizes the fetal growth potential of both fetuses, by compensatory changes in

the placental weight.
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Introduction

The principal determinants of fetal growth are
fetal genetic potential and intrauterine environ-
mental factors. The latter mainly include placen-
tal factors which modulate fetal growth by
providing nutrition and oxygen, and by producing
various hormones and growth factors. In single-
ton fetuses, the placental weight closely parallels
the fetal body weight.?® Small-for-gestational
age (SGA) fetuses have heavier placental weight
for their body weight,?” which may protect against

adverse intrauterine environments such as malnu-

trition or hypoxia.»®

In twin pregnancy, SGA infants frequently exist
when evaluated by singleton standards. However
many do not face a worse perinatal outcome than
concordant twins.” Therefore, this phenomenon
may imply the supposition of an “adaptive mecha-
nism”, which enables the growth of twin fetuses to
adapt to their intrauterine environment.®

Previous ultrasonic studies focusing on fetal
growth were mostly based on growth size cur-
ves.” Recent research has demonstrated that the
fetal growth velocity is superior to the fetal size in
evaluating the dynamic changes of fetal intrauter-

ine growth in singleton pregnancy,!” yet no such
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standard of growth velocity for twin fetuses has
yet been established.

The focus of this study was to establish the fetal
growth velocity curves in twin pregnancy, and fur-
thermore, to investigate the relationship between
fetal growth patterns and the placental weight/bir-
th weight ratio to verify the adaptive mechanism

in twin pregnancy.
Material and Methods

1. Fetal population

Ninety—six pregnant women who delivered twins
at =22 weeks and <36 weeks of gestation at Fu-
kuoka University Hospital from January 1996 to
November 2002 met the following criteria : (1) The
gestational age at delivery was calculated from the
first day of the last menstrual period and con-
firmed by the crown—rump length at 9-11 weeks of
gestation. (2) At least three ultrasound examina-
tions were received from 20 weeks to delivery. (3)
The absence of structural or chromosomal abnor-
malities in the individual fetuses. After excluding
2 cases with intrauterine death and 3 cases with in-
complete data, 91 remaining cases were studied for
subsequent analyses. Discordant and concordant
twins were defined according to the criteria of
whether the difference between the birth weights
of the larger (L) and smaller (S) fetuses, divided
by that of the L fetus, was >0.15 or not.!V There
were 51 concordant and 40 discordant twin pairs in

our study.

2. Data acquisition

The following maternal variables were recorded :
1) maternal age, 2) smoking habit, 3) gravidity,
4) parity, and 5) types of twins (dichorionic diam-
nionic, monochorionic diamnionic or monochori-
onic monoamnionic). The neonatal outcome was
evaluated as follows : 1) gestational age at delive-
ry, 2) birth weight of each fetus, 3) sex, 4) 1-min-
ute and 5-minute Apgar scores, and 5) neonatal
death at 7 days after birth.

The biparietal diameter, anterioposterior trunk
diameter, transverse trunk diameter, and femur
length were measured for each fetus every week or
two, from 20 weeks to delivery. All examinations
were performed by experienced obstetricians using

transabdominal ultrasonography (Aloka SSD-
1700, SSD-5000, Tokyo, Japan) with curvilinear
transducers of 3.5 and 5MHz. Estimated fetal
weight (EFW) was calculated according to the
Japanese standard formula.!’? A total of 311 and
239 ultrasound examinations were made for concor-
dant and discordant twins, respectively (Table
1). To test how accurate the EFWs were for pre-
dicting the actual fetal body weight, 22 twins who
were delivered within 1 day of the final EFW meas-
urement were sampled and the differences between
the final EFW and actual birth weight were
calculated. The difference ratios, defined as (Final
EFW -Birth weight) /Birth weight<100%, were 2.6
+0.3 (mean = SEM) %.

3. Parameter definition

The FGV was defined as shown in the following
formula : FGV = (EFW,~EFW,) /number of days be-
tween measurements, where EFW, represented the
value obtained at any given measurement and
EFW., represented that obtained at the very next
measurement of EFW,. The value of FGV at each
gestational week was compared for concordant L
and S fetuses as well as for discordant L and S
fetuses. The disparity in FGV (DFGV), between
L and S fetuses, was determined by subtracting the
FGV of the S fetus from that of the L fetus, in the

Table 1. Number of measurements each gestational age

Gestational age Concordant twins Discordant twins

(weeks) (n=51) (n=40)
20 6 6
21 7 6
22 9 8
23 12 11
24 17 14
25 22 16
26 28 19
27 30 21
28 31 23
29 32 24
30 25 17
31 23 15
32 21 14
33 14 13
34 13 12
35 11 11
36 10 9

Total 311 239
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pair.

Furthermore, to elucidate the ideal intrauterine
growth model, the FGV of 116 singleton appropri-
ate—for—gestational age fetuses (S~AGA) delivered
at 22 - 36 weeks, meeting the same criteria as twin
fetuses, were studied. The FGV constantly in-
creased from 16.3%20.4 grams/day at 20 weeks to
reach the maximum of 32.1£0.6 grams/day at 33
weeks of gestation, and then decreased thereafter
(Fig. D).

The placental weight was measured for each fe-
tus after removing blood clots. In the monochori-
onic or fused dichorionic placenta, the proportion
of placenta belonging to each twin was determined
by measuring the width, length and T zone of the
placental disk. Seven dichorionic and fifteen
monochorionic twins were excluded because of our
inability to reasonably distinguish the placental re-
gions between the pairs. The placental weight/bi-
rth weight ratio (PW-BWR) was defined as the
value of the placental weight divided by the birth

weight, for each twin.

4. Statistical analyses

The Student t-test, Mann—-Whitney U-test, one—
way ANOVA and x’ test analyses were used,
where appropriate, using the statistical analysis
software program SPSS 10.0 (Version 10.0 ; SPSS
Inc, Chicago, IlI). Data were presented as the
meantSEM. All tests were two sided, and the
exact P values were considered to be significant
at P<0.05.

Results

1. Clinical background parameters

The clinical characteristics of maternal and
neonatal parameters are summarized (Tables 2
and 3). There were no significant differences
observed in the maternal age, smoking habit,
gravidity, parity, twin types, or gestational age
at delivery between the concordant and discor-
dant twins. The birth weight was significantly
different between discordant L and S fetuses, but
not between concordant L and S fetuses. No
significant difference of fetal sex, I-minute and 5-

minute Apgar scores, or neonatal mortality were
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Fig. 1. Fetal growth velocity curve of singleton, appropriate—for—ges-
tational age fetuses. Data presented as the mean=SEM.
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Table 2. Maternal characteristics of concordant and discordant twin pregnancy

Concordant twins Discordant twins

Characteristic (n=51) (n=40) P
Maternal age (y)* 29.5+0.5 28.70.5 >0.05
Smoking habit T

Not currently 40 (78.4) 31 (77.5) >0.05

Currently 11 (21.6) 9 (22.5) >0.05
Gravidity* 1.8%0.7 1.7£0.2 >0.05
Parity* 1.5+0.2 1.6+0.1 >0.05
Gestational age (wk)* 29.5+0.5 28.7£0.4 >0.05
Twin type T

DD 27 (52.9) 21 (52.5) >0.05

MD 24 (47.1) 19 (47.5) >0.05

MM - -

* Data are presented as the mean*=SEM.
T Data are presented as the number (%).

DD :dichorionic diamnionic, MD:mono-

chorionic diamnionic, MM : monochorionic monoamnionic.

Table 3. Neonatal characteristics of concordant as well as discordant twin pregnancy

Type of fetuses Case Birth weight Sex I Apgar scores T Neonatal
No. (@ ¥ Male Female l-minute S5-minute death I

Concordant L o1 2,03196 27 (52.9) 24 (47.D 7.1£0.5 7.910.2 3 (5.9

Concordant S 51 1,901+82 25 (49.0) 26 (51.0) 6.970.2 7.5+0.1 1 Q.0

Discordant L 40 1,91675* 22 (55.0) 18 (45.0) 7.0£0.6 7.7£0.3 1 (2.5

Discordant S 40 1,595+E78* 19 (47.5) 21 (52.5) 6.81+0.3 7.6£0.4 1 (2.5

* Comparison between L and S fetuses in concordant or discordant pregnancy, P<0.05.

T Data are presented as the mean=SEM.
I Data are presented as the number (%).

found between concordant L and S fetuses, or

between discordant L and S fetuses.

2. Fetal growth velocity

In concordant twins, both L and S fetuses
showed similar growth velocity patterns, thus
indicating a gradual increase from 15.9+£0.7 (mean
+ SEM) and 14.3%£0.1 grams/day at 20 weeks, up
to 80.5%0.2 and 29.47%0.1 grams/day at 31 weeks,
with a gradual decrease thereafter, respectively
(Fig. 2). The mean growth velocity of concor-
dant S fetuses was consistently lower than that
of the concordant L fetuses, at each gestational
age. In the discordant twins, L fetuses had a
growth velocity pattern similar to concordant
twins, thus indicating a gradual increase from
13.3£0.5 grams/day at 20 weeks to 27.2%+0.3
grams/day at 31 weeks, and a gradual decrease
thereafter. On the other hand, the growth
velocity of S fetuses demonstrated a gradual
decrease from 9.3%£0.3 grams/day at 20 weeks to

7.5%0.4 grams/day at 23 weeks, and a “catch-up”
tendency to 23.3%0.2 grams/day at 31 weeks,
with a rapid decrease thereafter.

3. Disparity in fetal growth velocity

There was no significant change in the dispa-
rity in the growth velocity between L and S
fetuses, in concordant twins, from 20 to 35
weeks. However, in discordant twins, a signi-
ficant change in the disparity in growth velocity
was detected with two critical points at 23 and 31
weeks. The value of disparity increased from
3.1£0.5 grams/day at 20 weeks to 11.3£0.4
grams/day at 23 weeks, then decreased to
3.2+0.1 grams/day at 31 weeks and finally

increased again thereafter (Fig. 3).

4. Placental weight/birth weight ratio

In concordant L and S fetuses, the PW-BWR
between L and S fetuses (23 pairs) at <31 were
not significantly different to that between L and
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Fig. 2. Fetal growth velocity curves of discordant L. and S fetuses, as
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Fig. 4. Placental weight/birth weight ratio in concordant and discor-
dant twins. Data presented as the mean®=SEM. *:p<

0.05. NS : not significant.

S fetuses (28 pairs) at >3lweeks (Fig. 4). In
discordant twins, the PW-BWR between L and S
fetuses (18 pairs) was significantly different at
<31 weeks (1.:0.31£0.05 vs. S:0.45+0.04) (P<0.05),
however, the PW-BWR between L and S fe-
tuses (22 pairs) was not significantly different at
=31 weeks. No significant difference was shown
in this ratio for L fetuses between <31 weeks and
>31 weeks. The ratio in S fetuses significantly
decreased from 0.45+0.04 at <31 weeks to 0.30
£0.02 at =31 weeks of gestation.

Discussion

This study is an extension of previous re-
ports!®19 which demonstrated the fetal growth
velocity of twin fetuses to be restricted as early as
30 weeks by revealing in both concordant and
discordant twin fetuses the maximum fetal gro-
wth velocity to appear at 31 weeks of gesta-
tion. Together with the finding that in sing-

leton fetuses the growth velocity has the peak
value at 33 weeks, the overall fetal growth
process 1is accelerated in concordant as well as
discordant twins, in comparison to singleton
fetuses.

To compare the disparity of growth velocity
between L and S fetuses in concordant and
discordant twins more distinctly, we created the
disparity curves of fetal growth velocity. In
concordant twins, there was no significant cha-
nge in the disparity of fetal growth velocity from
20 to 35 week of gestation. This finding indi-
cated that both L and S fetuses had similar
growth patterns throughout the observed pre-
gnancy. On the other hand, in discordant twins,
there were three different stages in the change of
fetal growth disparity. The discordant L fetuses
had a growth pattern similar to that of the
concordant L and S fetuses. In comparison to
discordant L fetuses, discordant S fetuses showed
retarded growth at 20-23 weeks, followed by catch—
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up growth at 23-31 weeks and, finally, at 31-35
weeks, their growth potential was restricted
again. Catch—up growth has been reported in rat
fetuses'® and in growth retarded human infants.!”
However, to the best of our knowledge, this is
the first report to document the existence of
intrauterine “catch—up” growth in human twin
fetuses.

In singleton pregnancy, earlier studies have
shown that malnutrition and chronic fetal hy-
poxia were the main causes of a subnormal fetal
size.!® The degree of malnutrition and hypoxia
are not always equal between twin pairs because
each fetus may not share available placental tissue
evenly!” and/or the smaller fetuses may not
gain enough nutrients and oxygen from the
placenta due to a relatively suboptimal implan-
tation site.20

In concordant twins, the PW-BWR was si-
milar between L and S fetuses at <31 and =
31 weeks of gestation. This may thus suggest
the existence of synchronous growth in twin
pairs. The PW-BWR decreased after 31 weeks in
concordant L and S fetuses. This corresponds
to the growth velocity in concordant L and S
fetuses. However, in discordant twins, the PW—
BWR of the S fetuses was higher than that of L
fetuses at <31 weeks, but not at =31 weeks
of gestation. This finding may indicate that the
capacity of placental transfer in S fetuses may be
enhanced at <31 weeks, which may thus be a
compensatory change for supplying more nutri-
ents and oxygen to fetuses with relative hyper-
trophy of the placenta® and support the catch—up
growth pattern of S fetuses until 31 weeks of
gestation.®2D

The etiology of the initial growth retardation
of discordant S fetuses remains unknown. The
observed initial growth retardation was in line
with the hypothesis that to promote whole
maturity, the smaller fetus is selectively restri-
cted early in gestation to cut down on the
demand of nutrients and oxygen later in gesta-
tion. However, if given enough supply of nutri-
ents and oxygen, the fetus will exhibit catch—up
growth to achieve a normal growth poten-
tial.22  This initial growth retardation may be
a “physiological” adaptation before catch—up

growth in the ensuing period.?¥

The PW-BWR decreased from <31 weeks to =
31 weeks in concordant L and S fetuses. In
concordant twins, a decreased ratio after 31
weeks correlated with the “physiological” growth
In discordant S fetuses, the PW-

BWR decreased the same as in concordant twins.

restriction.

However, in discordant L fetuses the ratio did
not change significantly, from <31 weeks to =31
weeks of gestation. We speculate that their
placenta may maintain a placental function to
meet the demand of fetal growth. Therefore
discordant L fetuses may thus maintain a growth
pattern that is similar to concordant fetuses after
31 weeks. Discordant S fetuses, however, may
lose this adaptive mechanism, and thus show a
more rapid decrease in growth velocity. This
may explain why the velocity disparity of dis-
cordant twins increased again.

The regulation of fetal growth is complex, and
the adaptive changes of placental weight may
only in part account for the adaptive growth
pattern. The placental function has been also
reported to play a key role in regulating fetal
growth. In particular, placental growth promo-
ting factors such as placental growth hormo-
nes? and leptin?® are important for stimu-
lating the functional maturation of the placenta,
thereby influencing the fetal growth, both indi-
rectly and directly.
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