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Background: Fetal growth restriction (FGR) is thought to negatively affect lung development resulting in
increased respiratory morbidity. However, research performed in singletons is often limited by a certain level
of bias caused by individual differences in genetic constitution, obstetrical and maternal factors.
Methods: Respiratory morbidity was compared between the smaller and the larger twin in monochorionic
twins with selective fetal growth restriction (SFGR), defined as a birth weight discordance > 20%, born in our
center between 2010 and 2019 in this retrospective study. Respiratory distress syndrome (RDS) was diag-
nosed based on the clinical picture of a neonate with respiratory failure requiring mechanical ventilation
and/or surfactant, confirmed by a chest X-ray. Bronchopulmonary dysplasia (BPD) was diagnosed when the
neonate required treatment with >21% oxygen for at least 28 days.
Findings: Median gestational age at birth for the 94 included pregnancies was 32.4 (IQR 30.4—34.3) weeks.
Within-pair analyses showed that the prevalence of RDS was lower in the smaller twin compared to the
larger twin, 19.1% (18/94) vs 34.0% (32/94), respectively (p = 0.004). The odds of RDS for the larger twin was
doubled (OR 2.1 (CI95% 1.3—3.5). In contrast, the rate of BPD in the smaller twin was higher as opposed to
the larger twin, 16.7% (15/90) vs 6.7% (6/89), respectively (p = 0.008), with a more than doubled odds (OR 2.5
(C195% 1.3-4.9)).
Interpretation: Despite being genetically identical, SFGR twins have different respiratory outcomes. Adverse
growth condition in utero in the smaller twin is associated with a reduced odds of RDS at birth but a more
than doubled odds of BPD, reflecting the pathophysiologic adverse effect of growth restriction on lung
development.
Funding: The Dutch Heart Foundation (2017T075).

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)
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1. Introduction insufficiency directly after birth, and bronchopulmonary dysplasia

(BPD) which is in turn associated with chronic lung disease in

Chronic intrauterine stress, as caused by fetal growth restric-
tion (FGR), is thought to influence lung development and thereby
lead to lifelong changes in respiratory functioning. Animal models
have shown that FGR can induce persistent changes to both the
lung and chest wall, already impairing respiratory function in
early postnatal life [1]. Moreover, previous research in singletons
has identified FGR as a risk factor for both respiratory distress
syndrome (RDS), characterized by progressive respiratory
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adulthood [2—4]. In contrast, it is also hypothesized that FGR is
protective for RDS by way of an increased endogenous surfactant
production resulting in enhanced lung maturation [5].

Although many studies have tried to uncover the effect of
FGR on respiratory morbidity, results are often contradictory as
a multitude of other factors can influence respiratory function-
ing beyond FGR. Research performed in singletons is therefore
often limited by a certain level of bias caused by individual dif-
ferences in genetic constitution, obstetrical and maternal factors
(maternal diseases and medication). Hence, conclusive evidence
is still lacking. A unique population in which these potential
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Research in context

Evidence before this study

Evidence suggests that chronic intrauterine stress, as caused by
fetal growth restriction (FGR), influences lung development
throughout pregnancy and thereby possibly lead to lifelong
changes in respiratory functioning. Animal models have shown
that FGR can induce persistent changes to both the lung and
chest wall, already impairing respiratory function in early post-
natal life. Previous research in singletons has identified FGR as
a risk factor for both progressive respiratory insufficiency
directly after birth, and bronchopulmonary dysplasia.

Added value of this study

This study evaluated respiratory morbidity in a unique popula-
tion of monochorionic twins with selective fetal growth restric-
tion (sFGR). Despite being genetically identical, sFGR twins
have different respiratory outcomes. Adverse growth condition
in utero in the smaller twin is associated with a reduced risk of
respiratory distress at birth but a more than doubled risk of
bronchopulmonary dysplasia (BPD).

Implications of all the available evidence

These insights in a unique population of identical twins, press
the pathophysiologic adverse effect of growth restriction on
lung development.

confounders are naturally eliminated are monochorionic (MC)
twins.

MC twins are vulnerable to perinatal complications because of the
shared placenta with vascular anastomoses [6]. In 10—-15% of MC
twin pregnancies, the placenta is unequally shared leading to a large
intertwin growth discrepancy described as selective fetal growth
restriction (sFGR) (Fig. 1) [7,8]. As MC twins are genetically identical
and also have identical maternal factors, they present the ideal natu-
ral experiment to study the effect of adverse “environmental” intra-
uterine circumstances. So far, only few small studies have thoroughly
explored the respiratory outcomes in MC twins with sFGR [9]. In this
study we aim to compare respiratory outcomes, primarily RDS and
BPD in which we expect to find consistent associations, between the
larger and smaller twin in a large cohort of MC twins with sFGR.

2. Methods

This report is written according to the STROBE guidelines [10]. The
study was approved by the ethics committee of the Leiden University
Medical Center (LUMC) and waived of the requirement for written
informed consent due to its retrospective design. All consecutive
live-born MC twin pairs born in the LUMC between 2010 and 2019
were eligible for inclusion. The LUMC is the national referral center
for complicated MC twin pregnancies and fetal therapy in the Nether-
lands. The cases were reviewed for the presence of sFGR, defined as a
birth weight discordance (BWD) > 20%. BWD was calculated as:
(birth weight larger twin — birth weight smaller twin)/birth weight
larger twin X 100% [11]. All MC twins with SFGR were included. We
excluded MC triplet pregnancies, cases with twin reversed arterial
perfusion (TRAP) [12] and cases with other congenital abnormalities
including, but not limited to heart defects, neural tube defects and
chromosome abnormalities. Cases with twin anemia-polycythemia
sequence (TAPS) [13], twin-twin transfusion (TTTS) cases who under-
went treatment other than laser coagulation (no treatment, amnio-
centesis, and/or selective reduction) and cases with incomplete laser

Fig. 1. A MC twin pair with sFGR born at a gestational age of 30 weeks with respective
birth weights of 500 gs (left) and 1350 gs (right). The picture was taken ten days after
birth.

(either recurrent TTTS or post-laser TAPS) were excluded as well due
to their added adverse intrauterine circumstances.

The following maternal and neonatal baseline characteristics were
collected from medical records: maternal age, gravidity, parity, pres-
ence of underlying maternal health problems, occurrence of pre-
eclampsia (defined as new-onset hypertension in the setting of
proteinuria during pregnancy) [14], occurrence of gestational diabe-
tes (defined as any degree of glucose intolerance with onset during
pregnancy) [15], suspected chorioamnionitis (based on the following
clinical criteria: maternal intrapartum fever, maternal leukocytosis,
purulent cervical drainage, or fetal tachycardia) [16], presence of
umbilical artery (UA) Doppler abnormalities (defined as persistent or
intermittent absent or reversed end-diastolic flow (A/REDF)) [17],
occurrence of TTTS (diagnosed according to the Eurofoetus criteria
[18]), gestational age at diagnosis of TTTS, gestational age at laser
coagulation, amnionicity, gestational at birth, sex, delivery mode,
presence of fetal distress at birth (defined as abnormal cardiotocogra-
phy (CTG)), whether a full course of corticosteroids was administered
prior to delivery and BWD. Birth weight and the proportion of neo-
nates that were born small for gestational age (SGA) (defined as birth
weight < 10™ centile) were compared between the larger and the
smaller twin. Differences in baseline characteristics for cases with
and without TTTS were evaluated as well.

All MC twin placentas were routinely injected with colored dye as
part of standard care to evaluate vascular patterns and placental
share [19]. Fetal territories were distinguished by either the laser
demarcation line, or the margins of the twin-specific dyes and
expressed as a percentage of the total placental area measured using
Image ] version 1.57.
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Primary outcomes were the prevalence of RDS and BPD. RDS
was diagnosed based on the clinical picture of a neonate with
respiratory failure receiving mechanical ventilation and/or surfac-
tant, confirmed by a chest X-ray [20]. BPD was diagnosed when
the neonate required treatment with > 21% oxygen for at least
28 days [21].

Secondary outcomes included persistent pulmonary hypertension
of the newborn (PPHN) (defined as the failure of circulatory transition
after birth requiring treatment with nitric-oxide (NO) [22]), patent
ductus arteriosus (PDA) requiring medical treatment or surgical clo-
sure, necrotizing enterocolitis (NEC) > stage 2 [23], neonatal sepsis
(defined as a clinically ill neonate with positive blood cultures),
asphyxia [24] (defined as at least three of the following criteria: signs
of fetal distress before delivery; Apgar score ( 5 at 5 min; arterial
pH < 7.1 and base excess > 16 mmol/L or lactate ) 10 mmol/L in
either arterial umbilical cord blood or capillary blood gas sample
within 1 h after birth; respiratory failure requiring resuscitation
measures during at least 5 min after birth; multiple organ failure),
neonatal mortality (defined as mortality within the first 28 days after
birth), Apgar scores at 1, 5 and 10 min, proportion of twins requiring
major resuscitation at birth (defined as chest compression and/or epi-
nephrine administration) proportion of twins intubated at birth, pro-
portion of twins with continuous positive airway pressure (CPAP)
during transport to the neonatal intensive care unit (NICU), propor-
tion of twins who received surfactant, whether surfactant was
administrated via minimally invasive surfactant therapy (MIST),
number of doses of surfactant, proportion of twins who received
mechanical ventilation, duration of mechanical ventilation, day of
start after birth of mechanical ventilation, proportion of twin
who received high frequency oscillation (HFO), duration of HFO,
proportion of twins who received CPAP, duration of CPAP, pro-
portion of twins who received non-invasive respiratory support
(defined as CPAP, high flow and low flow), duration of non-inva-
sive respiratory support, the total duration of respiratory support
until discharge to home (including both non-invasive respiratory
support and mechanical ventilation), duration of NICU admission
and respiratory support at discharge from the NICU (either no
respiratory support or non-invasive respiratory support). The out-
comes were compared between the larger and the smaller twin
within each twin pair.

Statistical analyses were performed using IBM SPSS Statistics Ver-
sion 25.0 (SPSS, Inc., an IBM company, Chicago, IL, USA). Data are pre-
sented as median (interquartile range), n/N (%) or n (%). To test for
association between FGR and neonatal morbidity and mortality (cate-
gorical data), we used a Generalized Estimated Equation (GEE) to
analyze within-pair differences. The association between FGR and
type of respiratory support was analyzed similarly. When an outcome
was not observed in one of the groups, an adjustment to the data was
applied in which an unaffected twin was changed into an affected
twin for both groups, as the GEE cannot be used when an outcome
event does not occur in one of the groups. This adjustment generates
more conservative p-values. The analysis of RDS was corrected for
birth order, as it has previously been described that the firstborn in
twin pregnancies is more susceptible to RDS [25,26]. To test for asso-
ciation between FGR and start/duration of respiratory support
(numerical data), a Wilcoxon Signed Rank Test was used to assess
within-pair differences. Both the GEE and the Wilcoxon Signed Rank
Test account for the fact that observations between co-twins are not
independent. We did not correct for multiple testing, because our pri-
mary outcomes (BPD and RDS) share etiological factors and are
thereby not independent but related. So, we expect to observe con-
sistent associations between our outcomes of interest. Differences in
baseline characteristics between cases with and without TTTS were
analyzed using a Mann-Whitney-U (numerical data) or a Chi-square
test (categorical data). A p-value of < 0.05 was considered statistically
significant.

2.1. Role of funding

This research was funded by The Dutch Heart Foundation, grant
number 2017T075. The funding source had no role in study design;
in the collection, analysis, and the interpretation of the data; in the
writing of the report; and in decision to submit the paper for
publication.

3. Results

A total of 587 live-born MC twin pairs were delivered at the LUMC
between 2010 and 2019 (Fig. 2). After exclusion according to the
aforementioned criteria (n = 216) and the cases without SFGR
(n=277), 94 twin pairs with sFGR were included for analysis.

Maternal and neonatal baseline characteristics are summarized in
Table 1. Preeclampsia was diagnosed in 7.4% (7/94) and gestational
diabetes in 5.3% (5/94) of pregnancies. Chorioamnionitis was sus-
pected in 8.5% (8/94) of pregnancies. UA Doppler abnormalities were
documented in 50 pregnancies, of which 20.2% (19/94) were persis-
tent A/REDF and 33.0% (31/94) were intermittent A/REDF. Nearly half
(40.4% (38/94)) of the included twin pairs were diagnosed with TTTS
and successfully treated with laser therapy. Median gestational age
at birth was 32.3 (30.4—34.3) weeks, and 45.7% (43/94) was born <
32 weeks of gestation. The twins were delivered by way of cesarian
section in 66.0% (124/188) of cases. Fetal distress was present in 50%
(47/94) of cases and 72% (67/93) received a full course of corticoste-
roids prior to delivery. The median BWD was 31.8% (26.7—40.8). The
median birth weight of the large twin was 1819 (1464—-2336) and
1183 (912-1490) grams for the smaller twin. In the group of smaller
twins, the proportion of neonates born SGA was 97.9% (92/94) as
opposed to 13.8% (13/94) in the group of larger twins. The larger twin
had a significantly larger placental share (68.9% (63.0—73.9)) com-
pared to the smaller twin (31.1% (26.1-37.0)).

Neonatal morbidity and respiratory outcomes for the larger and
smaller twin are presented in Table 2 and 3, respectively. The Apgar
score at one minute was 7 (5—8) for the small twin and 8 (6—9) for
the large twin (p < 0.0001). The prevalence of RDS was lower in the
smaller twin compared to the larger twin (19.1% (18/94) vs. 34.0%
(32/94), p = 0.004). The odds of RDS for the larger twin were doubled
(OR 2.1 (CI95% 1.3—3.5). The large twin required surfactant more
often, in 27.7% (26/94) of cases, compared to 10.8% (10/93) of cases in
the smaller twin (p < 0.0001). The median duration of mechanical
ventilation for the smaller twin was 8 (1-18) days as opposed to 2
(1-4) days for the larger twin (p = 0.016). The median duration of
NICU admission was 6 (2—14) days for the smaller twin and 7 (3—20)
days for the larger twin (p = 0.001).

The prevalence of BPD was significantly higher in the smaller twin
as opposed to the larger twin (16.7% (15/90) vs 6.7% (6/89),
(p = 0.008). The odds of developing BPD for the smaller twin was
more than doubled (OR 2.5 (CI95% 1.3—4.9)). The median gestational
age at birth of the group with BPD was 28.6 (IQR 28.0—29.8). Of the
large twins that developed BPD, 66.7% (4/6) received mechanical ven-
tilation, as opposed to 46.7% (7/15) of the small twins. The median
duration of the mechanical ventilation for the large twins with BPD
was 3 (2—7) days vs. 14 (2—27) days for the small twins with BPD.

Differences in baseline characteristics were examined for cases
with and without TTTS. Significant differences were found for the
presence of fetal distress (34.2% (13/38) in cases with TTTS vs. 60.7%
(34/56) in cases without TTTS, p = 0.012) and delivery mode (cesarian
section in 50.0% (38/76) of cases with TTTS as opposed to 76.8% (86/
112) in cases without TTTS, p < 0.0001). Furthermore, the presence
of TTTS was associated with three outcomes, namely CPAP during
transfer to the NICU (40.3% in TTTS cases as opposed to 64.5%
(p = 0.004), still no difference between large and small twin), the
duration of mechanical ventilation (no differences between large (2
(1-6) days) and small (3 (1—-12) days) twin in TTTS cases (p = 0.285))
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Live-born MC twin
pairs in the LUMC
between 2010-2019

TTTS (n = 38/94)

(n=587)
Exclusion
No sFGR (n =277)
TTTS not treated with laser (n = 64)
Incomplete laser (n = 59)
—»| TAPS (n =47)
TRAP (n = 8)
Triplets (n = 18)
Other congenital abnormalities (n = 20)
v
MC twins with sFGR
(n=94)

Table 1

Fig. 2. Flowchart of study inclusion.

Baseline maternal and neonatal characteristics for sSFGR twins.

Characteristics

SFGR twins (n = 188; 94 pregnancies) Larger twin (n = 94)

Smaller twin (n = 94)

Maternal age — years
Gravidity
Parity
Maternal health problems
Pregnancy complications
Preeclampsia
Gestational diabetes
Suspected chorioamnionitis
UA Doppler abnormalities
A/REDF
iA/REDF
TTTS

Gestational age at diagnosis TTTS — weeks

Gestational age at laser — weeks
Monoamniotic twins

Gestational age at birth — weeks
Gestational age at birth < 32 weeks
female

cesarian

Fetal distress

Full course of corticosteroids prior to delivery

Birth weight discordance —%
Birth weight — grams

Small for gestational age
Placental share —%

31(28-35)
2(1-3)
0(0-1)

7/94(7.4)

7/94(7.4)
5/94 (5.3)
8/94 (8.5)

19/94(20.2)
31/94 (33.0)
38/94 (40.4)
18.5(16.4-20.2)
18.7(16.7-20.8)
3/94(3.2)
32.3(30.4-34.3)
43/94 (45.7)
88/188 (46.8)
124/188 (66.0)
47/94 (50.0)
67/93 (72.0)
31.8(26.7-40.8)
1819 (1464-2336)
13/94(13.8)
68.9 (63.0-73.9)

1183 (912-1490)
92/94 (97.9)
31.1(26.1-37.0)

SFGR: selective fetal growth restriction, UA: umbilical artery, A/REDF: absent or reversed end-diastolic flow, iA/REDF: intermittent
absent or reversed end-diastolic flow, TTTS: Twin-twin transfusion syndrome. Outcomes are presented as median (interquartile

range (IQR)) or n/N (%).

and the duration of NICU admission (no differences between large (6
(2—12) days) and small (7 (3—17) days) twin in TTTS cases (p = 0.326)).

4. Discussion

This study shows that while fetuses suffering from FGR may be
‘protected’ from acute respiratory morbidity at birth their odds of

developing chronic respiratory morbidity is more than doubled. Our
results originate from a simple but unique natural experiment in
identical twins, comparing the respiratory outcomes in the smaller
growth restricted twin to the larger co-twin. Despite their identical
genetic constitution and identical maternal factors, their odds of spe-
cific respiratory morbidity differ significantly. We are the first to
describe detailed respiratory outcomes, including BPD, in a cohort of
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Table 2

Neonatal morbidity in the larger versus the smaller twin.
Outcomes Larger twin (n=94)  Smaller twin (n=94)  p-Value
RDS 32/94 (34.0) 18/94(19.1) 0.004*
BPD 6/89 (6. ) 15/90 (16.7) 0.008
PPHN 6/92 (6.5 5/93 (5.4) 0.749
PDA 3/94 (3.2 ) 7/94(7.4) 0.167
NEC 0/94 (0.0) 2/94(2.1) 0.175
Sepsis 11/92 (12.0) 15/91(16.5) 0.333
Asphyxia 1/94(1.1) 2/94(2.1) 0.571
Neonatal mortality 2/94(2.1) 2/94(2.1) 1.000

RDS: respiratory distress syndrome, BPD: bronchopulmonary dysplasia, PPHN: per-
sistent pulmonary hypertension of the newborn, PDA: patent ductus arteriorus,
NEC: necrotizing enterocolitis, CPAP: continuous positive airway pressure. Out-
comes are presented as n/N (%).

*corrected for birth order.

monochorionic twins. Our data emphasize that an adverse intrauter-
ine environment may have a pathophysiologic effect on neonatal
lung development.

Multiple pathways have been implicated to explain the mecha-
nism behind the respiratory pathology associated with FGR. A widely
proposed hypothesis is that the smaller twin has an increased corti-
costeroid production as a result of prolonged exposure to prenatal
stress, by which the smaller twin is better prepared for the neonatal
transition following elective premature delivery as opposed to the
large twin [27]. This is reflected in a lower prevalence of RDS for the
smaller twin in our study population. One can speculate that the cor-
ticosteroids produced by the smaller twin can be transferred to the
large twin through the vascular anastomoses [28]. When separately
examining the lasered TTTS cases in our population, the significant
difference in RDS rate for the larger and smaller twin is still present
(13.5% in the larger twin vs. 28.8% in the smaller twin, p = 0.011),
indicating a negligible effect of this transfer.

Simultaneously, FGR is thought to already negatively affect lung
development in utero by inducing persistent structural and functional
changes to the respiratory system associated with the pathophysiol-
ogy of BPD [5,29]. Firstly, chronic hypoxia as caused by FGR, can

impair pulmonary angiogenesis by way of reactive oxygen species
and a down- or upregulation of key proteins (such as elastin and col-
lagen, respectively) and growth factors (such as vascular endothelial
growth factor) [30]. Pulmonary vascular resistance increases, in turn
causing further cardiovascular adaptations amongst which increased
vascular stiffness and cardiac hypertrophy. Secondly, the impaired
vascularization disrupts the alveolarization as well, resulting in poor
alveolar morphology [31]. Combined, gas exchange becomes ineffi-
cient [32,33]. So, the abnormal lung development associated with
FGR increases the vulnerability for postnatal insults and thereby the
risk of BPD.

A factor possibly complicating the interpretation of our data is the
prolonged mechanical ventilation in the smaller twin, which has
been identified as an independent risk factor for BPD [34]. One may
speculate that the increased BPD rate for the smaller twin is not
solely attributable to the FGR but also to the extensive mechanical
ventilation following the presence of, as is largely the case in our pop-
ulation, severe neonatal morbidity. Nonetheless, animal models have
shown that FGR does not further exacerbate ventilation induced lung
injury [35]. Moreover, it is important to realize that both the develop-
ment of complications and thereby the need for prolonged mechani-
cal ventilation are closely interwoven with FGR as well. In addition,
caretakers might be more prone to prolong ventilation based on the
perceived vulnerability of SGA neonates, regardless of the true neces-
sity for respiratory support at that point. As the etiology of BPD is
multifactorial, similarly to the etiology of FGR, it is difficult to discern
through which mechanisms the association between FGR and BPD
truly runs. Still, there is an apparent association that should be taken
into account in clinical practice.

Furthermore, the distinctive etiologies of FGR in singletons and
SFGR in MC twins should be considered. While sFGR in MC twins is
characterized by unequal placental sharing and thereby a small pla-
cental volume for the smaller twin, FGR in singletons comes from pla-
cental insufficiency caused by abnormal placentation. Impaired
trophoblast invasion results in inadequate remodeling of the uterine
spiral arteries, reducing uteroplacental blood flow [36]. So, the mech-
anisms of chronic hypoxia in FGR and sFGR differ significantly, possi-
bly affecting outcomes.

Table 3
Respiratory outcomes in the larger versus the smaller twin.
Outcomes Larger twin (n=94)  Smaller twin (n=94)  p-Value
Apgar
1 min 8(6-9) 7(5-8) <0.0001
5 min 9(8-9) 9(8-9) 0.282
10 min 9(8-10) 9(8-10) 0.816
Major delivery room resuscitation 0/94(0.0) 1/93 (1. 1) 0.324
Intubation at birth 7/92 (7.6) 7/91 (7.7 0.985
CPAP to NICU 49/92 (53.3) 51/91 (56. O) 0.667
Surfactant 26/94 (27.7) 10/93(10.8) <0.0001
MIST 12/26 46 2) 4/10 (40.0) 0.341
Number of doses -2) 1(1-2) 1.000
Mechanical ventilation 23/94 24 5) 19/93 (20.4) 0.388
Day of start 1-2) 1(1-3) 0.750
Duration — days 2(1-4) 8(1- 18) 0.024
HFO 4/9 4.3) 7/93 (7.5 0314
Duration — days 2(1-4) 7 (4— 12) *
CPAP 57/9 57.3) 57/91(51.6) 0.059
Duration — days 2(1-5) 3(1-11) 0.392
Non-invasive respiratory support 60/94 (63.8) 54/93 (58.1) 0.235
Duration — days 1-10) 6(1-31) 0.076
Total duration of respiratory support — days 1-11) 4(1-32) 0.110
Duration NICU admission 3-20) 6(2-14) 0.001
Respiratory support at discharge NICU
No support 79/90 (87.8) 73/91 (80.2) 0.077
Non-invasive respiratory support 11/90(12.2) 18/91(19.8) 0.139

NICU: neonatal intensive care unit, MIST: minimally invasive surfactant therapy, HFO: high frequency oscilla-

tion. Outcomes are presented as median (IQR) or n/N (%)

*No within-pair comparison possible, due to low number of cases.
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Regarding twin research, our results are in agreement with previ-
ous studies identifying the presence of SFGR and being the larger
twin as important risk factors for RDS [25-27,37]. However, these
studies all lack a distinction in chorionicity (and zygosity) and are
thereby still limited by genetic constitution as a potential confounder.
Moreover, information on the prevalence of BPD is often missing
from these studies as well as a within-pair comparison. The only
study on respiratory morbidity in growth discordant MC twins was
performed at our center and found that the larger twin is at increased
risk of RDS (32% vs. 6%), compared to the smaller twin [9]. Our results
are complementary, albeit in a larger study population with a more
thorough examination of additional respiratory outcomes including
BPD. Another small study that conducted a within-pair comparison
of twins with discordant fetal growth patterns (once more lacking a
distinction in chorionicity and zygosity) has shown that the small
twin had a significantly decreased lung function and an increased
bronchial reactivity at the age of 16 years [38]. These results affirm
the long-lasting effects of FGR that need to be researched more
thoroughly.

The retrospective nature of our study should be taken into
account when interpreting the results, as the documentation of BPD
was largely based on hospital discharge letters. A timed oxygen
reduction test which is the current golden standard in the diagnosis
of BPD was only performed in 22% of BPD cases in our population
[39]. Additionally, as the LUMC is the national referral center for com-
plicated MC twin pregnancies referral bias may enlarge the propor-
tion of twins with an anticipated severe neonatal course. On the
other hand, our population is inherently at low risk of BPD due to the
low number of extremely preterm neonates (gestational age at birth
< 28 weeks and/or birth weight < 1000 gs), leading to relatively few
neonates with BPD. This possibly limits the applicability of our results
to higher risk preterm neonates and thereby also the use of newer
BPD definitions [40]. Prospective research evaluating both neonatal
respiratory morbidity and childhood lung function, not solely focus-
ing on BPD cases as those without BPD are not necessarily free of
respiratory morbidity [41], is necessary to provide more conclusive
evidence. Nevertheless, the results of our study are strengthened by
the extensive documentation of respiratory data and the size and
unique nature of our study population, consisting of monozygotic
twins discordant for intrauterine exposures that can thereby act as
each other’s control for genetic, maternal and obstetrical factors.
Moreover, all twins were born in a single specialized center, limiting
treatment variation and resulting in availability of information on
resuscitation, surfactant supplementation and initial respiratory
support.

In conclusion, in MC twins FGR is associated with a reduced risk of
respiratory distress at birth but an increased the risk of BPD in the
smaller twin, emphasizing the early consequences of FGR for lung
structure and functioning. Our study helps improve the perhaps
counterintuitive anticipation of respiratory problems after birth for
both pediatricians and parents. It also provides a basis for risk assess-
ment of chronic lung disease in childhood and throughout adulthood,
pressing the need for larger, prospective studies on respiratory mor-
bidity in MC twins with sFGR to further research the early origin of
lung disease.

Declaration of Competing Interest

No conflicts of interest.

Funding

This research was funded by The Dutch Heart Foundation, grant
number 2017T075. The funding source had no role in study design;
in the collection, analysis, and the interpretation of the data; in the

writing of the report; and in decision to submit the paper for publica-
tion.

Data sharing

Requests for the anonymized dataset can be submitted to the cor-
responding author. These will be reviewed by the research team and
the ethics committee of the LUMC.

Author contributions

Ms Groene and Ms Spekman had full access to all the data in the
study and have verified the underlying data.

- Concept and design: Groene, Spekman, Lopriore.

- Collection, analysis or interpretation of data: all authors.

- Drafting of the manuscript: Groene, Spekman, Lopriore.

- Critical revision of the manuscript: all authors.

- Statistical analysis: Groene, Spekman.

- Supervision: Lopriore.

Acknowledgements

We thank the parents of the twin pair in Fig. 1 for the consent to
publish this picture of their children.

Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.eclinm.2021.100725.

References

[1] Joyce B], Louey S, Davey MG, Cock ML, Hooper SB, Harding R. Compromised respi-
ratory function in postnatal lambs after placental insufficiency and intrauterine
growth restriction. Pediatr Res 2001;50(5):641-9.

[2] McGrath-Morrow SA, Collaco JM. Bronchopulmonary dysplasia: what are its links
to COPD? Ther Adv Respir Dis 2019;13:1753466619892492.

[3] Dezateux C, Lum S, Hoo AF, Hawdon J, Costeloe K, Stocks J. Low birth weight for
gestation and airway function in infancy: exploring the fetal origins hypothesis.
Thorax 2004;59(1):60-6.

[4] Bose C, Van Marter LJ, Laughon M, et al. Fetal growth restriction and chronic lung
disease among infants born before the 28th week of gestation. Pediatrics
2009;124(3):e450-8.

[5] Colella M, Frerot A, Novais ARB, Baud O. Neonatal and long-term consequences of
fetal growth restriction. Curr Pediatr Rev 2018;14(4):212-8.

[6] Lewi L, Cannie M, Blickstein I, et al. Placental sharing, birthweight discordance,
and vascular anastomoses in monochorionic diamniotic twin placentas. Am ]
Obstet Gynecol 2007;197(6):587. e1-8.

[7] Bennasar M, Eixarch E, Martinez JM, Gratacos E. Selective intrauterine growth
restriction in monochorionic diamniotic twin pregnancies. Semin Fetal Neonatal
Med 2017;22(6):376-82.

[8] Lewi L, Gucciardo L, Huber A, et al. Clinical outcome and placental characteristics
of monochorionic diamniotic twin pairs with early- and late-onset discordant
growth. Am ] Obstet Gynecol 2008;199(5):511. e1-7.

[9] Lopriore E, Sluimers C, Pasman SA, Middeldorp JM, Oepkes D, Walther FJ. Neona-
tal morbidity in growth-discordant monochorionic twins: comparison between
the larger and the smaller twin. Twin Res Hum Genet 2012;15(4):541-6.

[10] Vandenbroucke JP, von Elm E, Altman DG, et al. Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE): explanation and elaboration.
Epidemiology 2007;18(6):805-35.

[11] Khalil A, Beune I, Hecher K, et al. Consensus definition and essential reporting
parameters of selective fetal growth restriction in twin pregnancy: a Delphi pro-
cedure. Ultrasound Obstet Gynecol 2019;53(1):47-54.

[12] Sueters M, Oepkes D. Diagnosis of twin-to-twin transfusion syndrome, selective
fetal growth restriction, twin anaemia-polycythaemia sequence, and twin
reversed arterial perfusion sequence. Best Pract Res Clin Obstet Gynaecol
2014;28(2):215-26.

[13] Khalil A, Gordijn S, Ganzevoort W, et al. Consensus diagnostic criteria and moni-
toring of twin anemia polycythemia sequence: a Delphi procedure. Ultrasound
Obstet Gynecol 2019. doi: 10.1002/u0g.21882.

[14] Brown MA, Magee LA, Kenny LC, et al. The hypertensive disorders of pregnancy:
ISSHP classification, diagnosis & management recommendations for international
practice. Pregnancy Hypertens 2018;13:291-310.

[15] American Diabetes A. Gestational diabetes mellitus. Diabetes Care 2003;26(Suppl
1):S103-5.


https://doi.org/10.1016/j.eclinm.2021.100725
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0002
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0002
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0004
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0004
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0004
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0005
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0005
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0007
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0007
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0007
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0009
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0009
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0009
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0010
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0010
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0010
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0011
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0011
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0011
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0012
https://doi.org/10.1002/uog.21882
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0015

S.G. Groene et al. / EClinicalMedicine 32 (2021) 100725 7

[16] Committee on Obstetric P. Committee Opinion No. 712: intrapartum manage-
ment of intraamniotic infection. Obstet Gynecol 2017;130(2):e95-e101.

[17] Gratacos E, Lewi L, Munoz B, et al. A classification system for selective intrauterine
growth restriction in monochorionic pregnancies according to umbilical artery
Doppler flow in the smaller twin. Ultrasound Obstet Gynecol 2007;30(1):28-34.

[18] Senat MV, Deprest ], Boulvain M, Paupe A, Winer N, Ville Y. Endoscopic laser sur-
gery versus serial amnioreduction for severe twin-to-twin transfusion syndrome.
N Engl ] Med 2004;351(2):136-44.

[19] Lopriore E, Slaghekke F, Middeldorp JM, et al. Accurate and simple evaluation of
vascular anastomoses in monochorionic placenta using colored dye. ] Vis Exp
2011(55):e3208.

[20] Sweet DG, Carnielli V, Greisen G, et al. European Consensus Guidelines on the
Management of Respiratory Distress Syndrome - 2019 Update. Neonatology
2019;115(4):432-50.

[21] Jobe AH, Bancalari E. Bronchopulmonary Dysplasia. Am ] Respir Crit Care Med
2001;163(7):1723-9.

[22] Jain A, McNamara PJ. Persistent pulmonary hypertension of the newborn: advan-
ces in diagnosis and treatment. Semin Fetal Neonatal Med 2015;20(4):262-71.

[23] Bell MJ, Ternberg JL, Feigin RD, et al. Neonatal necrotizing enterocolitis. therapeu-
tic decisions based upon clinical staging. Ann Surg 1978;187(1):1-7.

[24] van Steenis A, Kromhout HE, Steggerda SJ, et al. Perinatal asphyxia in monochor-
ionic versus dichorionic twins: incidence, risk factors and outcome. Fetal Diagn
Ther 2014;35(2):87-91.

[25] Webb RD, Shaw NJ. Respiratory distress in heavier versus lighter twins. ] Perinat
Med 2001;29(1):60-3.

[26] Canpolat FE, Yurdakok M, Korkmaz A, Yigit S, Tekinalp G. Birthweight discordance
in twins and the risk of being heavier for respiratory distress syndrome. Twin Res
Hum Genet 2006;9(5):659-63.

[27] Sabatelli D, Milet B, Mena P, Dominguez A. Growth restriction increases the risk of
bronchopulmonary dysplasia, death, and sepsis in twins of 30 weeks or less of
gestation. Rev Chil Pediatr 2019;90(1):36-43.

[28] Lopriore E, Middeldorp JM, Sueters M, Vandenbussche FP, Walther FJ. Twin-to-
Twin Transfusion Syndrome: from Placental Anastomoses to Long-Term Neuro-
developmental Outcome. Curr Pediatr Rev 2005;1(3):191-203.

[29] Burri PH. Structural aspects of postnatal lung development - alveolar formation
and growth. Biol Neonate 2006;89(4):313-22.

[30] Sehgal A, Gwini SM, Menahem S, Allison BJ, Miller SL, Polglase GR. Preterm
growth restriction and bronchopulmonary dysplasia: the vascular hypothesis and
related physiology. ] Physiol 2019;597(4):1209-20.

[31] Ambalavanan N, Nicola T, Hagood ], et al. Transforming growth factor-beta signal-
ing mediates hypoxia-induced pulmonary arterial remodeling and inhibition of
alveolar development in newborn mouse lung. Am J Physiol Lung Cell Mol Physiol
2008;295(1):L86-95.

[32] Morty RE. Recent advances in the pathogenesis of BPD. Semin Perinatol 2018;42
(7):404-12.

[33] Kalikkot Thekkeveedu R, Guaman MC, Shivanna B. Bronchopulmonary dys-
plasia: a review of pathogenesis and pathophysiology. Respir Med
2017;132:170-7.

[34] Jensen EA, DeMauro SB, Kornhauser M, Aghai ZH, Greenspan ]S, Dysart KC. Effects
of multiple ventilation courses and duration of mechanical ventilation on respira-
tory outcomes in extremely low-birth-weight infants. JAMA Pediatr 2015;169
(11):1011-7.

[35] Allison BJ, Hooper SB, Coia E, et al. Ventilation-induced lung injury is not exacer-
bated by growth restriction in preterm lambs. Am ] Physiol Lung Cell Mol Physiol
2016;310(3):L213-23.

[36] AbbasY, Turco MY, Burton GJ, Moffett A. Investigation of human trophoblast inva-
sion in vitro. Hum Reprod Update 2020;26(4):501-13.

[37] Yinon Y, Mazkereth R, Rosentzweig N, Jarus-Hakak A, Schiff E, Simchen M]J.
Growth restriction as a determinant of outcome in preterm discordant twins.
Obstet Gynecol 2005;105(1):80-4.

[38] Nikolajev K, Koskela H, Korppi M. Birth weight and adult lung function: a
within-pair analysis of twins followed up from birth. World ] Pediatr 2008;4
(3):222-6.

[39] Walsh MC, Wilson-Costello D, Zadell A, Newman N, Fanaroff A. Safety, reliability,
and validity of a physiologic definition of bronchopulmonary dysplasia. ] Perinatol
2003;23(6):451-6.

[40] Jensen EA, Dysart K, Gantz MG, et al. The diagnosis of bronchopulmonary dyspla-
sia in very preterm infants. an evidence-based approach. Am ] Respir Crit Care
Med 2019;200(6):751-9.

[41] Hurst JR, Beckmann J, Ni Y, et al. Respiratory and cardiovascular outcomes in sur-
vivors of extremely preterm birth at 19 years. Am ] Respir Crit Care Med
2020;202(3):422-32.


http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00005-5/sbref0041

	Respiratory distress syndrome and bronchopulmonary dysplasia after fetal growth restriction: Lessons from a natural experiment in identical twins
	1. Introduction
	2. Methods
	2.1. Role of funding

	3. Results
	4. Discussion
	Declaration of Competing Interest
	Funding
	Data sharing
	Author contributions
	Acknowledgements

	Supplementary materials
	References



