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From fetus to newborn
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Chapter 3

Abstract

This systematic review aims to assess the gestational age at birth and perinatal
outcome (intrauterine demise (IUD), neonatal mortality and severe cerebral injury) in
monochorionic (MC) twins with selective fetal growth restriction (sFGR), according to
Gratacos classification based on umbilical artery Doppler flow patterns in the smaller
twin. Seventeen articles were included. Gestational age at birth varied from 33.0-36.0
weeks in type |, 27.6-32.4 weeks in type I, and 28.3-33.8 weeks in type Ill. IUD rate
differed from 0-4% in type | to 0-40% in type Il and 0-23% in type lll. Neonatal
mortality rate was between 0-10% in type |, 0-38% in type Il, and 0-17% in type IIl.
Cerebral injury was present in 0-2% of type |, 2-30% of type Il and 0-33% of type IlI
cases. The timing of delivery in sFGR varied substantially among studies, particularly
in type Il and Ill. The quality of evidence was moderate due to heterogenous study
populations with varying definitions of sFGR and perinatal outcome parameters, as
well as a lack of consensus on the use of the Gratacds classification, leading to
substantial incomparability. Our review identifies the urgent need for uniform
antenatal diagnostic criteria and definitions of outcome parameters.

Funding: The Dutch Heart Foundation (grant number 2017To75)
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Introduction

Selective fetal growth restriction (sFGR), defined as estimated fetal weight (EFW) of
one twin < 10™ centile and an EFW discordance > 25%, is a complication affecting 10-
15% of monochorionic (MC) twin pregnancies resulting in an intertwin growth
discordance®. The pathophysiology is primarily due to unequal placental sharing, in
which the growth-restricted twin has a smaller share of the placenta leading to
suboptimal growth®. sFGR is associated with high perinatal morbidity and mortality
rates®. Even if both twins are born alive, there is still a risk of neurological impairment
due to increased rates of prematurity.

The extent of the perinatal morbidity and mortality risk depends on the type of sFGR.
sFGR can be classified into three types according to Gratacos*. Type | is characterised
by a continuous positive end-diastolic flow (pEDF) in the umbilical artery (UA) of the
smaller twin and is generally associated with a relatively good outcome™™*. Type Il is
distinguished by a persistently absent or reversed EDF (A/REDF) in the UA and is
associated with increased perinatal mortality and morbidity™™*. Lastly, type Il is
characterised by an intermittent absent/reversed EDF (iA/REDF) in the UA and has an
unpredictable clinical course due to a large arterio-arterial (AA) anastomosis on the
placenta, resulting in an unstable and fluctuating blood flow between the fetuses™™.

The current management of sFGR consists mainly of expectant management
including fetal monitoring and medically induced preterm birth in case of fetal
distress. In some cases, fetal interventions may be considered, including selective
feticide using cord occlusion or fetoscopic laser coagulation. However, management
in sSFGR is not based on robust evidence, but mainly on expert opinion. Hence,
uncertainty regarding the optimal management strategy persists. sFGR twins are
often delivered electively at an early gestational age (GA) due to the fear of
intrauterine demise (IUD). Preterm birth is in turn associated with an increased risk of
adverse neonatal outcomes. The balance between the risk of IUD and the risk of
adverse neonatal outcomes following prematurity remains a clinical dilemma. Due to
a lack of robust evidence to guide a consensus regarding the optimal GA at birth for
these infants, practice varies across fetal medicine centers. To evaluate the
international variation in the GA at birth in sFGR twins and to gain more
understanding of worldwide differences in perinatal outcome in sFGR pregnancies, we
performed a systematic review and studied the differences in GA at birth in twin
pregnancies complicated by sFGR according to the Gratacds classification.
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Methods

Search strategy

This systematic review was conducted according to PRISMA guidelines®. An
information specialist was involved in the development of the search terms. The
online electronic PubMed database, EMBASE, Web of Science and Cochrane Library
was searched in June 2022 by using the Boolean combination of: “Fetal Growth
Retardation” AND “Twins, Monozygotic” AND “Gestational Age”. Additionally, a
variety of synonyms were added as free text words and MESH terms (Supplement 1). A
publication date restriction was applied to select studies published between 2007, the
year the Gratacods classification was introduced, and 2022. Lastly, reference lists of
reviewed articles were manually searched to identify relevant missed articles.

Study selection

All articles were assessed for eligibility through screening of the title and abstract.
Subsequently, the full text was evaluated. Articles (clinical trials, cohort studies and
case-control studies, both prospective and retrospective in nature) were eligible for
inclusion when the cohort consisted of MC twin pregnancies complicated by sFGR,
classified into the three Gratacds types and expectantly managed. Articles were
excluded when they did not distinguish between isolated sSFGR and sFGR with twin-
twin transfusion syndrome (TTTS) and/or twin anemia polycythemia sequence
(TAPS)®7. Additionally, articles were excluded when fetoscopic laser coagulation or
selective reduction were the only management options. Further exclusion criteria
were case reports, case series (N<3), reviews, editorials, conference abstracts and
unavailable full text. To identify eligibility of inclusion, two reviewers (S.E., S.G.)
independently assessed the search results and discrepancies were resolved through
discussion.

The primary outcome was GA at birth in the three types of SFGR, as reported in the
various cohorts. The secondary outcomes were IUD, neonatal mortality and severe
cerebral injury. Definitions of sFGR and delivery indications were reported when
present. To compare the various cerebral injuries described in the articles, one
definition was formulated. Severe cerebral injury was defined as the presence of
intraventricular hemorrhage (IVH) = grade I, periventricular leukomalacia (PVL) =
grade Il, porencephalic cysts and/or intraparenchymal bleeding.
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Quality assessment

The “Users Guides to the Medical Literature” and the “GRADE working group”
method were used to assess the validity of the included articles with regards to the
research question and the overall quality of evidence®9. The validity assessment is
based on two primary and two secondary guides. The primary guides were whether
there was a representative and well-defined sample at a similar point in the course of
disease and whether the follow-up was sufficient and complete. The secondary guides
were whether objective and unbiased outcome criteria were used and whether there
was adjustment for important prognostic factors. The overall quality of evidence was
determined based on the four key elements reported by the "GRADE working group”:
study design, study quality (in this case the validity assessment), consistency and
directness.
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Results

The search strategy yielded 723 results. After excluding duplicates, 434 abstracts were
screened. The primary assessment led to the exclusion of 399 articles based on above-
mentioned in- and exclusion criteria. Manual search of the reference lists provided one
additional article. Of the remaining 35 articles, 18 were excluded after full text
assessment, resulting in a total of 17 articles to be included in this systematic review
(Figure 1). The methodology of the studies is presented in Table 1. The study
characteristics and neonatal outcomes of sFGR twins with type I, Il and Il are
presented in Table 2, 3 and 4, respectively. The mean or median GA at birth in the
three subgroups varied greatly per cohort and is shown in Figure 2. The results for all

sFGR types are described separately here below.

Articles identified through
5 PubMed, Embase, Web of
‘é Science and Cochrane
f:z, library database searching
3 (n=723)
N Duplicates excluded
> -58
. (n=289)
o Articles screened based on
E title and abstract
[
g (n=434) Articles excluded
@ (n=399)
; "|  Articles included from search
of reference lists
. (n=1)
- Full-text articles assessed
£ for eligibility
a
5 (n=35)
w Articles excluded
(n=18)
y Unstratified by classification/
management (n = 9)
Articles included in the Outc9mes unreported (n =4)
° ) ) Duplicated data (n = 2)
o systematic review .
2 Unavailable full text (n =3)
o (n=17)

Figure 1. Flowchart of study inclusion.
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In summary, the included studies were all published between 2007 and 2021 (mainly
after 2016). The majority of studies (10/17) were conducted in Europe, and the others
in North/South America and Asia. Thirteen studies were retrospective and four
prospective. All studies focused on MC twin pregnancies diagnosed with sFGR in the
absence of TTTS or TAPS, with 6/17 focusing on all management options and 11/17 on
expectant management. 7/17 studies reported on all sFGR types and at least two

secondary outcomes.
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Figure 2. GA at birth per included study in twin pregnancies complicated by sFGR type I, Il and Ill twins. This

figure should be interpreted with care due to the heterogeneity of available studies, reporting GA at birth in
either mean or median, using different definitions of outcomes measures and having small sample sizes.

Quality assessment and level of evidence

The validity of the included studies with regards to our primary research question is
presented in Table 1. Three studies were deemed to have a low validity: the study by
Visentin et al., the study by Koch et al. and the study by Quintero et al.**™*. This was
primarily due to their different research questions focusing on, respectively, cord
insertion and fetoscopic laser coagulation in sFGR as a treatment option, resulting in
only a small population that could be included in this review. Moreover, Visentin et al.
solely included sFGR diagnosed in the first trimester and did not fully define their

outcome measures™. Reported outcomes by Koch et al. were combined for type Il and
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Il and cases with IUD at time of diagnosis were excluded, leading to a potential
underestimation of mortality™. Twelve out of the fourteen other studies were
considered to have adequate validity, primarily due to either small study populations,
sole inclusion of early onset sFGR or limited availability of the outcomes of interest in
this review. The two studies with high validities, Couck et al. and Shinar et al,,
presented the largest cohorts diagnosed with sFGR irrespective of GA with the most

complete perinatal outcome data™*.

Overall, the definitions of sFGR and the application of the Gratacds classification
differed substantially among studies. While six studies defined sFGR as an EFW < 10"
centile in the smaller twin and/or EFW discordance = 25%, eight studies only focused
on an EFW of one twin < 10" centile, one study focused on an AC < 5" centile and EFW
< 10" centile (Colmant et al.) and two studies used the new Delphi consensus
definition (Couck et al. and Aquino et al., Table 2-4™*"). Moreover, there was no
uniformity in the application of the Gratacds classification and reported outcome
measures. This resulted in heterogenous methodologies, and thereby incomparability
between studies. Hence, the overall quality of evidence of the included articles for our
research question was of moderate quality, suggesting that further research is

necessary to provide evidence of superior quality.

sFGR type |
Ten cohort studies assessing the GA at birth in sFGR type | were included, with the

number of pregnancies per cohort ranging from 16 to 108 (Table 2).

GA at birth

Based on the included literature, sSFGR type | cases were born at a GA between 33.0-
36.0 weeks’ gestation. The lowest GA at birth presented in the type | cohort of Rustico
et al. (n=65), which had a median GA at birth of 33 (31-35) weeks™. Ishii et al. (n=23)
reported the highest median GA at birth of 36 (26-38) weeks"”. Only 1/10 studies
described indication of delivery. The cohort of Ishii et al. was delivered due to fetal
deterioration (4/23), growth arrest smaller twin (3/23) or spontaneous labor/maternal

indication (20/23)".

Perinatal mortality
sFGR type | twins had an IUD rate between 0-4% and neonatal mortality rate between

0-10%. No perinatal mortality occurred in the cohorts of Weisz et al. (n=19), Koch et
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11,18-20

al. (n=16), Batsry et al. (n=26) and Sukhwani et al. (n=19) . The lowest neonatal
mortality rate was reported in the study with the highest GA at birth (Ishii et al.”). In
addition, the study with the highest perinatal mortality rate (Rustico et al. (n=65) with
4% (5/130) IUD and 10% (12/118) neonatal mortalityls) had the lowest GA at birth.
However, this cohort included three bipolar cord coagulations following a change in
the Doppler pattern to type Il, one termination of pregnancy and one miscarriage.
Nearly all studies reported that the smaller twin was the one affected by perinatal
death, except for Gratacods et al. (n=39), Ishii et al. (n=23) and Couck et al. (n=108) in
which the IUD rate was similar for the larger and smaller twin in type | cases (double

IUDs except for Ishii et al.)**3*7.

Cerebral injury
Only 7/10 studies reported on cerebral injury, which was only observed in 2% of the
cohort of Ishii et al. (1/44) and affected the smaller twin®.

sFGR type I
Ten cohort studies assessing the GA at birth in sFGR type Il were included with the

number of pregnancies per cohort ranging from 5 to 62 (Table 3).

GA at birth

sFGR type Il cases were born at a GA at birth between 27.6-32.4 weeks. The lowest GA
at birth was reported by Quintero et al. (n=6), with a median GA at birth of 27.6 (26.7-
31.3) weeks™. Miyadahira et al. (n=6) reported the highest median GA at birth of 32.4
(26.7-37.0) weeks**. Only 4/10 studies described indication of delivery. The majority of
the sFGR type II/lll cohort (individual indications not reported) of Miyadahira et al. was
delivered due to fetal distress (19/27), and others due to threatened preterm labor
(2/27), IUD (4/27) or spontaneous labor >34 weeks (2/27)*. The cohort of Quintero et
al. were all delivered due to fetal indications: A/REDF (2/6), non-reassuring fetal
testing (3/6) and preterm premature rupture of membranes (1/6)*. The main reasons
for delivery in the cohort of Ishii et al. were fetal deterioration (9/27), spontaneous
labor/maternal indication (8/27), double IUD (4/27), growth arrest smaller twin (3/27)
and miscarriage (2/27). The cohort of Visentin et al. (n=14) was delivered at a median
GA at birth of 30 (28-34) weeks either following signs of fetal demise, an abnormal
biophysical fetal profile or fetal indications including abnormal cardiotocography or

absent or reversed a-wave in ductus venosus™.
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Perinatal mortality

sFGR type Il twins demonstrated a relatively high IUD rate between 0-40% and
neonatal mortality rate between 0-38%. The cohorts of Visentin et al. (n=14) and
Aquino et al. (n=5) were the only two cohorts in which perinatal mortality did not
occur, despite the relatively low GA at birth reported by the latter*>*. The absence of
IUD in the cohort of Aquino et al. could be explained by the late inclusion of
pregnancies (median GA at diagnosis = 24.8 weeks). Interestingly, the highest
perinatal mortality occurred in the cohort born at a median GA at birth of 30.0 (26.5—
38.0) weeks, namely Couck et al. (n=5), who reported an IUD rate of 40% (4/10) and no
neonatal mortality®. Additionally, the lowest IUD rate was reported in the cohort of
Quintero et al. (n=6) delivered at the lowest GA at birth**. These results, as well as the
results described by Aquino et al. (n=5), can be substantially impacted by their small
sample size. Furthermore, almost all studies reported higher perinatal mortality in the
smaller twin, except for the cohort of Batsry et al. (n=22) and Couck et al. (n=5) in

which the IUD rate was similar for the larger and smaller twin (double IUDs)*3*.

Cerebral injury

sFGR type Il cases had the highest rates of cerebral injury (between 2-30%) of all three
types which was documented in 7/10 studies. The lowest severe cerebral injury rate
(2% (2/43)) occurred in the type Il cohort of Groene et al. (n=24)*. The highest severe
cerebral injury rate of 30% (3/10) was reported in the cohort of Quintero et al.
delivered at the lowest GA at birth™. Furthermore, in Ishii et al. (n=27), Batsry et al.
(n=22) and Aquino et al. (n=5) the smaller twin presented with more severe cerebral
injury than the larger twin, while Miyadahira et al. (n=6), Groene et al. (n=24) and
Quintero et al. (n=6) reported the opposite.

sFGR type Il
Ten cohort studies assessing the GA at birth in sFGR type Il were included, with the

number of pregnancies ranging from 3 to 328 (Table 4).

GA at birth

sFGR type Ill cases were born at a GA at birth between 28.3-33.8 weeks. The lowest
GA at birth was presented in the type Ill cohort of Aquino et al. (n=3), with a mean GA
at birth of 28.3 (£2.3) weeks™. The highest median GA at birth of 33.8 (28.1-37.0)

|20

weeks was described by Chon et al.*°. Only four studies reported on the indication of

delivery. The majority of the cohort of Ishii et al. was delivered due to fetal
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deterioration (8/13), while others either due to growth arrest of smaller twin (2/13) or
spontaneous labor/maternal indication (4/13)". The cohort of Chon et al. (n=22) was
delivered either due to non-reassuring fetal status (10/22), spontaneous delivery
(5/22), elective delivery (6/22) or preeclampsia (1/22)*°. Miyadahira et al. (n=22)
reported on the indication of delivery for both type Il/Ill combined as previously
described®. The main reasons for delivery in the cohort of Shinar et al. (n=328) with a
mean GA at birth of 31.8 (+3.6) weeks, were fetal distress including abnormal
cardiotocography or absent or reversed a-wave in ductus venosus (106/308), maternal
diabetes (20/308), IUD/abnormal biophysical profile (36/308), spontaneous labor
(46/308) and elective birth (100/308)*.

Perinatal mortality

sFGR type Il twins had an IUD rate between 0-23% and neonatal mortality rate
between 0-17%. The cohorts of Couck et al. (n=26) and Aquino et al. (n=3) were the
only two cohorts in which IUD did not occur'®*. Neonatal mortality was absent in the
cohorts described by Chon et al. (n=22), who described the most advanced GA at
birth, and Batsry et al. (n=12) who reported the highest IUD rate of 23% (5/24) in a
cohort born at a median GA of 32.0 (31.3-32.6) weeks'@*°. The highest neonatal
mortality rate of 17% (2/6) were reported by Aquino et al. (n=3), who also reported the
lowest GA at birth*. The majority of studies conclude that the smaller twin more
often presented with perinatal mortality than the larger twin, except Groene et al.
(n=31) in which the IUD rate was similar for the smaller and larger twin but the larger
twin presented with higher risk of neonatal mortality, and Ishii et al. (n=13) and Aquino
et al. (n=3) in which the larger twin also presented with a higher neonatal mortality

15,17,22

rate

Cerebral injury
Cerebral injury in sFGR type Ill cases was documented in 8/10 studies and varied

between 0-33%. Batsry et al. (n=12) and Aquino et al. (n=3) were the only cohorts in
which severe cerebral injury did not occur®*. The highest severe cerebral injury rate
of 33% (8/24) occurred in the cohort of Ishii et al. (n=13), which was born at a median
GA of 31 (25-37) weeks™. Interestingly, Ishii et al. (n=13), Gratacos et al. (n=31) and
Groene et al. (n=31) reported a higher severe cerebral injury rate in the larger twin,
while Miyadahira et al. (n=22) and Chon et al. (n=22) identified the smaller twin to be
at higher risk”*73,
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Summary

The summarized findings per sFGR type are presented in Table 5. Overall, sFGR type |

showed the most favorable outcomes, with GA at birth ranging from 33.0-36.0 weeks,

a perinatal mortality rate (IUD and neonatal mortality combined) between 0-10% and

0-2% cerebral injury. sFGR type Il presented with the poorest outcomes, with a GA at

birth between 27.6-32.4 weeks, a perinatal mortality rate ranging between 0-40% and

a cerebral injury rate of 2-30%. sFGR type Il is reported to have relatively similar

outcomes as type I, albeit slightly better, with a GA ranging from 28.3-33.8 weeks, a

perinatal mortality rate of 0-23% and cerebral injury in 0-33%.

Table 5. Summarized perinatal outcome ranges of MC twin pregnancies complicated by sFGR according to

Gratacos type.
sFGR type | sFGR type Il sFGR type lll
GA at birth 33.0-36.0 weeks 27.6-32.4 weeks 28.3-33.8 weeks
Intrauterine demise 0-4% 0-40% 0-23%
Neonatal mortality 0-10% 0-38% 0-17%
Cerebral injury 0-2% 2-30% 0-33%

sFGR: selective fetal growth restriction, GA: gestational age.

These numbers should be interpreted with care due to the heterogeneity of available studies, reporting
GA at birth in either mean or median, using different definitions of outcomes measures and having
small sample sizes.
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Discussion

Summary of the key findings

This systematic review shows that sFGR type | twins are generally born at a later GA
than type Il and type Ill twins and have a lower rate of IUD, neonatal mortality and
cerebral injury. Nearly all studies reported that the smaller twin was especially at a
disadvantage for adverse perinatal outcomes. However, the reported GA at birth of
MC twins complicated by sFGR varies substantially between studies as well as the
incidence of IUD, neonatal mortality and cerebral injury, especially in sFGR type Il and
[l cohorts. Importantly, the 17 included studies had heterogenous study populations
with different definitions of sFGR and timing of inclusion (between the first and third
trimester) and reported on different perinatal outcome measures. Hence, this
systematic review primarily demonstrates the knowledge gap regarding the optimal
GA at birth and the lack of uniform outcome measures (assessment and management
of expectantly managed MC twins complicated by sFGR and the lack of uniformity in
various definitions). The application of the Gratacds classification substantially differs
between studies, hampering proper comparison of outcomes between the types of
sFGR.

Strengths and limitations

Five main recurring limitations can be identified in current literature: 1) information
bias due to retrospective study designs, 2) small sample sizes, 3) the use of different
antenatal management protocols (including frequency and methods of fetal
surveillance) and definitions of sFGR, 4) lack of detailed information on perinatal
outcomes categorised per Gratacds type, 5) lack of standardized neonatal and long-
term follow-up including uniform definitions of perinatal outcome measures.
Additionally, we did not synthesize our data in the form of a meta-analysis. Therefore,
evidence of the association between GA at birth and adverse neonatal outcomes in
MC twins with sFGR is considered to be of low quality. However, our review provides
an elaborate and most recent overview of GA at birth in sFGR twins, demonstrating
great variation between centers and emphasizing the uncertainty regarding the
optimal timing of delivery after expectant management.

Interpretation of the findings

Our review demonstrates that type Il and type Ill sFGR twins are generally born at a
lower GA and have an increased rate of perinatal and neonatal mortality and severe
cerebral injury as opposed to type I. However, we also demonstrate the current lack of
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knowledge on the average GA at birth for the different types of sFGR due to
limitations in the available literature leading to incomparability between studies.

A crucial limitation that is persistently present in current literature is the different
scoring methods used for the Gratacés classification. Its dynamic nature hampers the
determination of a ‘definitive’ Gratacos type. At present, available studies base the
classification of a pregnancy complicated by sFGR on either a single observation of
abnormal UA Doppler flow patterns, the final UA Doppler flow pattern prior to
delivery or the most prevalent Doppler flow pattern****4, Therefore, the classification
of sFGR according to Gratacds is still not uniformly applied in literature, leading to
substantial incomparability between studies with regards to outcome per sFGR type.
It was recently suggested that a modification of the Gratacods classification is
necessary that includes GA at diagnosis, variation in UA Doppler flow patterns, ductus
venosus Doppler (has been shown to be a powerful prognostic marker for sFGR and
might identify infants with increased risk for neonatal mortality and morbidity*®) and
the co-existence of TTTS*. By reaching an international consensus on an update of
the current classification system, outcome parameters can be properly compared
between studies and antenatal prognostication can be further improved.

A previous systematic review and meta-analysis by Townsend et al. also explored the
perinatal outcomes of sFGR categorised according to the Gratacds classification®”. A
noteworthy difference between our two studies is the significantly higher cerebral
injury rates after expectant management in type Il and type Ill reported by Townsend
et al. This can be the consequence of improved care over the years, as Townsend et al.
primarily included older studies (2001-2017), while our review included more recent
studies (2007-2021). Yet, accurate comparison of our studies is hampered by different
aims and methods. While we focused on the international variation in GA at birth and
perinatal outcome in this systematic literature review, Townsend et al. investigated
the impact of different management strategies on perinatal outcomes in a meta-
analysis. Interestingly, a similar outcome will be investigated by the FERN study with
the aim to determine whether it is feasible to conduct a randomized control trial of
active intervention versus expectant managementzs.

Buca et al. showed similar results in their systematic review and meta-analysis
exploring the outcomes of sFGR according to UA Doppler pattern of the smaller
twin®. sFGR type | twins were also born at a significantly higher GA compared to type
Il (Median difference: 2.8 (95% Cl, 1.83—3.86) weeks) and type Il (Median difference:
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2.1 (95% Cl, 0.97-3.19) weeks). This meta-analysis showed a significantly higher risk of
perinatal mortality (OR, 4.1 (95% Cl, 1.6-10.3)) and abnormal postnatal brain imaging
in sFGR type Il and Ill compared to Type | (Type II: OR, 4.9 (95% Cl, 1.9-12.9), Type Il
OR, 8.2 (95% Cl, 2.0-33.1)). Noteworthy, Buca et al. excluded studies reporting only
one type of sFGR and included 13 studies (2007-2017), while our systematic review
included 17 more recently published studies (2007-2021) with minimal overlap.

A third study following from the retrospective multicenter cohort study by Shinar et
al. (of which data is also included in this review), focusing on outcomes of type llI
pregnancies, showed a GA dependent decrease in neonatal morbidity in sFGR type I
with low rates of neurological morbidity*. Remarkably, a large decline in risk was seen
from 29 weeks' gestation (74%) to 30 weeks (45%). It should be noted that postnatal
brain ultrasound examinations were only routinely performed for neonates delivered
before 32 weeks, resulting in a potential underestimation of brain injury. In addition,
the study did not take into account the possibility of cases changing Gratacds types
during pregnancy, resulting in a potential misclassification (especially in type II/IlI).

The findings from the study by Shinar et al. and our review are in agreement with the
systematic review by Inklaar et al., which showed a significantly increased risk of
cerebral injury in cohorts with a lower GA at birth®°. Inklaar et al. illustrated that the
odds of cerebral injury decreased with a factor of 0.65 for each additional increase in
week of GA at birth. The increased risk of cerebral injury was thought to be primarily
associated with a lower GA at birth but could also be due to an indicated urgent
caesarean section in more severe cases. The review by Inklaar et al., however, lacks a
distinction between Gratacos types and also reports high heterogeneity between the
studies and small sample sizes, which are similar limitations as were found in this
systematic review.

Based on our systematic literature review and the previously mentioned review by
Inklaar et al., it can be concluded that sFGR type Il and type Ill are especially at
increased risk of cerebral injury. The cause of this injury is unknown and could be
related to in utero adverse environment with abnormal flows andjor it could be a
consequence of (iatrogenic) prematurity. In order to determine the timing of cerebral
injury, routine and repeated neuroimaging examinations should be performed during
fetal and neonatal life. The presence of cerebral injury already in utero or directly after
birth would point towards a causal relation with adverse in utero environment,
whereas cerebral injury which becomes apparent only one/two weeks after birth
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would point towards a causal relation with (iatrogenic) prematurity. Importantly, both
prematurity and neonatal cerebral injury are associated with an increased risk of long-
term neurodevelopmental impairment. The risk for developmental delay is known to
increase exponentially with decreasing GA (OR per week’ gestation: 1.13, 95% Cl 1.08—
1.18)*"3, Furthermore, the 1Q of children delivered <34 weeks’ gestation decreases by
2.34 (95% Cl: -2.99, -1.70) points with each lower GA week3".

Clinical and research implications

In conclusion, due to the high heterogeneity of published studies, uncertainty
regarding the optimal GA at birth in MC twins complicated by sFGR persists. Our
review emphasises the uncertainty regarding the optimal timing of delivery after
expectant management. Additionally, it demonstrates the varying GA at birth, rates
of IUD and adverse neonatal outcome between international centers in sFGR twins,
stratified according to sFGR classification. In order to estimate the optimal timing of
delivery, future prospective studies should implement uniform diagnostic criteria for
sFGR itself and the Gratacds classification, and objective and uniform management
protocols with standardised perinatal outcome measures reported according to
Gratacos type prior to delivery. Indication for delivery should be included as well as a
description of neonatal morbidity. International collaboration is warranted to increase
sample size. In addition, standardized long-term follow-up should be included to
assess the effect of perinatal management and timing of delivery on long-term
outcome®. Subsequently, a meta-analysis can be performed categorising perinatal
outcome measures according to GA at birth. In the absence of a randomized
controlled trial, larger and standardised data from retrospective and prospective
studies can help us elucidate the optimal timing of delivery for MC twins with sFGR
and ensure a more favourable perinatal outcome for these vulnerable neonates.
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