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Abstract

Objectives: To identify predictors of outcomes in severe twin oligo-polyhydramnios
sequence (TOPS) with or without twin anemia-polycythemia sequence (TAPS) and/
or selective fetal growth restriction (SFGR) treated by laser ablation of placental

vessels (LAPV).

Methods: Analysis of cases treated from 2011 to 2022. Variables evaluated Pre-

natal predictors: stages of TOPS, presence of TAPS and/or SFGR; pre-LAPV fetal

ultrasound parameters; peri-LAPV variables. Perinatal predictors: GA at birth;

birthweight; Apgar scores; transfontanellar ultrasonography (TFUS). Outcome var-

iables: fetal death, neonatal survival, infant's neurodevelopment. Binary logistic

regression analyses were performed to detect predictors of outcomes.

Results: 265 cases were included. Predictors of post-LAPV donor fetus' death were

delta EFW (p:0.045) and absent/reverse end-diastolic flow in the umbilical artery

(AREDF-UA) (p < 0.001). The predictor of post-LAPV recipient fetus' death was

hydrops (p:0.009). Predictors of neonatal survival were GA at birth and Apgar

scores. Predictors of infant's neurodevelopment were TFUS and pre-LAPV middle

cerebral artery Doppler (MCAD) for the donor twin; and pre-LAPV ductus venosus'

flow and MCAD for the recipient twin.

Conclusions: Prediction of fetal death, neonatal survival and infant's neuro-

development is possible in cases of TOPS associated or not with SFGR and/or TAPS

that were treated by LAPV.

Key points

What is already known about this topic?

� The treatment of choice for severe twin-twin transfusion syndrome is laser ablation of

placental vessels.

� Severe twin-twin transfusion syndrome is often associated with several degrees of selective
fetal growth restriction and/or twin anemia-polycythemia sequence, which may challenge

the prediction of prognosis when laser ablation of placental vessels must be performed.
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What does this study add?

� For severe twin-twin transfusion syndrome cases (associated or not with signs of selective

fetal growth restriction and/or twin anemia-polycythemia sequence) treated by laser

ablation of placental vessels, the prediction of fetal death, neonatal survival and infants'

neurological compromise is possible by a combination of prenatal and neonatal variables.

1 | INTRODUCTION

Twin-twin transfusion syndrome (TTTS) results from unbalanced

arterio-venous anastomosis between fetuses in monochorionic mul-

tiple gestations. It complicates spontaneously about 10%–15% of

monochorionic-diamniotic (MCDA) twin pregnancies in its oligo-
polyhydramnios phenotype (TOPS – twin oligo-polyhydramnios
sequence) and about 1.5%–4% in its anemia-polycythemia presen-

tation (TAPS – twin anemia-polycythemia sequence).1–8 Both clinical

forms are categorized into five degrees of severity. Another

complication of MCDA twin pregnancies is the selective fetal growth

restriction (SFGR),9 which results from unequal sharing of the

placenta. This condition occurs in 12%–25% of MCDA twin preg-

nancies and is divided into three types according to the pattern of the

umbilical artery (UA) Doppler flow of the smaller fetus.

The treatment of choice for severe TOPS (stages II-IV by the

classification of Quintero et al.1) is the laser ablation of placental

vessels (LAPV) and recent studies demonstrated that some cases of

TAPS and SFGR may also benefit from this approach.10–21 Despite

these conditions often occur independently, several degrees of

overlapping among them may happen, depending on the character-

istics of the anastomosing vessels between the twins and the severity

of the discrepancies in placental sharing.19–21 This may challenge the

prediction of perinatal and neurological outcomes, especially when

the LAPV is offered as one of the management options.19–21 The aim

of this study is to identify predictors of perinatal and neurological

outcomes in cases of severe TOPS (associated or not with TAPS and/

or SFGR) treated by LAPV.

2 | MATERIALS AND METHODS

This was a retrospective cohort study of severe TOPS cases associ-

ated or not with TAPS and/or SFGR and treated by LAPV at The Heart

Hospital, São Paulo, from January 2011 to February 2022. The study

was approved by the institutional review board of this institution

(CAAE: 52159721.3.0000.0060) and followed the recommendations

of the STROBE initiative22 for reporting observational data.

The cases were selected among all complicated MCDA twin

pregnancies (TOPS and/or SFGR and/or TAPS) without fetal major

anatomical defects (twin reverse arterial perfusion sequence or any

other major fetal abnormality) who underwent LAPV at the above-

mentioned institute and period. The inclusion criteria for this study

were MCDA twin pregnancies with severe TOPS (stages II-IV in the

classification by Quintero et al.1), associated or not with signs

compatible with TAPS and/or SFGR, and a cervical length greater

than 15 mm (the 5th percentile according to To et al.23) before the

procedure. Patients who had isolated TAPS and/or SFGR were not

included (Supplementary Table).

The association of TOPS with SFGR was defined when the esti-

mated fetal weight (EFW) of the smaller twin was below the 3rd

centile of normative ranges,24 or when a difference between the

EFWs of the twins was greater than 25% and the EFW of the smaller

twin was below the 10th centile. The concurrence of TAPS was

defined when a discrepancy in the middle cerebral artery peak sys-

tolic velocity (MCA-PSV) was greater than 0.5 multiples of the me-

dian (MoM).6

All interventions were performed by the same surgeon (CFAP)

according to a previously published technique.25 Briefly, the proced-

ure was conducted as follows: the placental chorionic plate vessels

through the amniotic cavity of the recipient fetus were initially map-

ped endoscopically; the vascular equator (where the majority of

arterio-venous anastomoses are expected to be) was identified; a line
of ablation of the chorionic plate was created from one edge of the

placenta to the other, including the arterio-venous anastomoses and
vessels with unknown courses (those crossing the inter-twin mem-

brane from the recipient to the donor side and concealed behind the

fixed twin). Caution was taken to preserve the vessels originating from

and returning to the same fetus, which were surrounded by this line of

ablation. At the end of LAPV, the excess amniotic fluid causing the

polyhydramnios was drained through the fetoscopy sheath to ensure

that the deepest amniotic fluid pocket measured less than 8 cm.

Maternal characteristics evaluated in this study were age, parity

(nulliparous or not) and type of conception (natural or assisted

reproduction).

Pre-laser and laser variables evaluated in this study were the

stage of TOPS according to Quintero's classification; association or

not with TAPS and/or SFGR; the discrepancy between the EFWs

[(larger twin EFW – smaller twin EFW/larger EFW) � 100]; umbilical

artery Doppler pulsatility index (UA-PI); the presence of absent/

reverse end-diastolic flow in the umbilical artery (AREDF-UA); duc-
tus venosus pulsatility index (DV-PI); the presence of absent/reverse
A wave in the DV flow (ARAW-DV); middle cerebral artery peak

systolic velocity (MCA-PSV); difference between the MCA-PSVs
expressed as multiple of the medians (MoM); the presence of fetal

hydrops; gestational age (GA), placental position (anterior or not) and

cervical length at LAPV; total time of LAPV. Post-laser variables were
the rates of intrauterine death of the donor and recipient twins until

delivery and the rates of premature preterm rupture of membranes

(PPTRM). Perinatal variables included GA at birth, birthweight (BW),
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Apgar scores, the presence of severe alterations in the trans-

fontanellar ultrasonography (TFUS) and survival rates of the neo-

nates until hospital discharge. Infant's variables evaluated after

hospital discharge were the age at the application of the third edition

ages and stages questionnaire (ASQ-3)26 and the results of this test.

Pre-laser ultrasound variables were recorded less than 2 days

before the LAPV.

Severe alterations shown on TFUS were the presence of ven-

triculomegaly and/or porencephaly and/or peri-intraventricular
hemorrhage stages III or IV according to the classification by Papile

et al.27 Infant ventriculomegaly was defined using different TFUS

measurements, such as the ventricular index, the anterior horn width

and thalamo-occipital distance.28

For LAPV performed from April 2015 onwards, the parents or

caregivers of the surviving twins were regularly asked to complete

the ASQ-3, after proper instruction by one of the participants in this
study (KJRC). The ASQ-3 covers five domains of the infant's neuro-

logical development: communication, gross motor control, fine motor

control, problem solving, and personal-social behavior. In each of

these areas, the infant reaches a score, which is interpreted ac-

cording to a specific preestablished cutoff for that domain. Depend-

ing on the score in each area, the development of the infant is

classified as follows: a. above the cutoff (the infant's development

appears to be on schedule); b. close to the cutoff (provide learning

activities and monitor); c. below the cutoff (further assessment with a

professional may be needed). For the binary logistic regression

analysis in this study, we categorized these outcomes as normal (a) or

abnormal (b and c).

Averages (standard deviations – SD) and medians (ranges) were

used to describe normally and non-normally distributed continuous

variables, respectively. Absolute and relative frequencies were

calculated to describe categorical data. Comparisons of categorical

variables were performed using the Chi-square or Fisher's exact

tests. Univariate and multivariate binary logistic regression analysis

were performed to identify significant maternal, pre-laser and peri-

operative variables that influenced the occurrence of fetal death (at

any time from laser to delivery) of the donor and the recipient twins,

separately. Among the liveborns, the same analyzes were performed

to detect pre-laser, perioperative and perinatal variables that influ-

enced the chance of survival until hospital discharge. In the subset of

cases that responded to ASQ-3, univariate and multivariate binary

logistic regression analysis was performed to identify significant

maternal, prenatal and perinatal variables that influenced infants'

neurological outcomes. A p-value of less than 5% was considered

statistically significant. The Statistical Package for the Social Sciences

(SPSS) version 29.0 was used for the analyses.

3 | RESULTS

In the study period, there were 344 MCDA twin pregnancies

complicated by TOPS and/or SFGR and/or TAPS, without any fetal

major anatomical defect, who were treated by LAPV in the

participating center. Seventy-nine cases (79/344: 23.0%) were not

included in the final analysis because the main diagnoses were TOPS

stage I and/or SFGR and/or TAPS (58/79: 73.4%) and/or the cervical

length was less than 15 mm (22/79: 27.8%). Two-hundred-sixty-five
patients (265/344: 77.0%) with severe TOPS met the entry criteria

(Supplementary Figure S1).

The average maternal age at surgery was 32.1 years (SD: 5.8;

range: 17.9–48.1), 56.6% (150/265) of the women were multiparous

and 95.1% (252/265) of them conceived naturally. None of the

maternal variables significantly interfered with fetal, neonatal and

infants' outcomes.

The average pre-laser cervical length was 32.1 mm (SD: 6.9;

range: 15.0–52.0). Averages of GA at LAPV, total time of the pro-

cedure (from maternal anesthesia to the end of the amnio drainage)

and amount of drained amniotic fluid were 21.2 weeks (SD: 2.4;

range: 17.0–26.6), 50 min (SD: 16.2; range: 15.0–90.0) and 2081 mL

(SD: 1092; range: 400–6600) respectively. In 41.10% (109/265) of

the cases, the placenta was predominantly anterior.

One-hundred-twenty-four cases (124/265%–46.79%) were

treated in TOPS stage II (Quintero et al.1), 119 (1119/265%–44.90%)

in stage III and 22 (22/265%–8.30%) in stage IV. The associations of

TOPS with SFGR, TAPS and at least one of the last two conditions

were 69.81% (185/265), 10.56% (28/265) and 74.34% (197/265),

respectively (Supplementary Figure S1).

There were 82 (82/530%–15.47%) fetal deaths from LAPV until

delivery, 63.41% of them (52/82) among the ex-donor twins and

36.59% of them (30/82) among the ex-recipient twins (p < 0.001)

(Supplementary Figure S1).

In the univariate binary logistic regression analyses, significant

predictors of the ex-donor's death from LAPV to delivery were the

Quintero's stages II and III, the discrepancy between EFW, UA-PI and
the presence of AREDF-UA. Using backward multivariate binary lo-

gistic regression analyses, only the discrepancy between EFW and the

presence of AREDF-UA remained significant predictors of the ex-
donor fetus' demise (Table 1 and Supplementary Table S1). The

probability of occurrence of this event increased with the discrepancy

between EFW and the presence of AREDF-UA and can be calculated

as follows: Probability = Odds/1 þ Odds, where the Odds is the eln

(Odds) and the ln(Odds) = −2.669 þ 0.026 (discrepancy between

EFW) þ 1.151 (0: absence of AREDF-UA; 1: presence of AREDF-UA).
In the univariate binary logistic regression analyses, significant

predictors of the ex-recipient's death from LAPV to delivery were the

Quintero's stages IV, DV-PI, the presence of ARAW-DV and the

presence of hydrops. Using backward multivariate binary logistic

regression analyses, only the presence of hydrops remained a sig-

nificant predictor of the ex-recipient fetus' demise (Table 1 and

Supplementary Table S1). The probability of occurrence of this event

increased with the presence of hydrops and can be calculated as

follows: Probability = Odds/1 þ Odds, where the Odds is the eln(Odds)

and the ln(Odds) = −2.244 þ 1.300 (0: absence of hydrops; 1:

presence of hydrops). This means a probability of ex-recipient death
of 9.60% in the absence of hydrops and 28.00% in the presence of

this finding.

ANDRIOLI PERALTA ET AL. - 3

 10970223, 0, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/pd.6523 by C

L
E

ISSO
N

 FÁ
B

IO
 A

N
D

R
IO

L
I PE

R
A

L
T

A
 - U

niversity E
stadual D

e C
am

pina , W
iley O

nline L
ibrary on [22/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



T
A
B
L
E
1

Si
gn
ifi
ca
n
t
p
re
-la
se
r,
p
er
io
p
er
at
iv
e
va
ri
ab
le
s
an
d
fe
ta
ld
em

is
e
fr
o
m
la
se
r
ab
la
ti
o
n
o
f
p
la
ce
n
ta
lv
es
se
ls
u
n
ti
ld
el
iv
er
y
in
ca
se
s
o
f
se
ve
re

tw
in
o
lig
o
-p
o
ly
h
yd
ra
m
n
io
s
se
q
u
en
ce

–
U
n
ia
n
d

m
u
lt
iv
ar
ia
te

an
al
ys
is
.

P
re
-la

se
r
an
d

p
er
io
p
er
at
iv
e

va
ri
ab
le
s

F
et
al
d
em

is
e
fr
o
m

la
se
r
u
n
ti
l
d
el
iv
er
y

E
x-
d
o
n
o
r
tw

in
(2
6
5
)

E
x-
re
ci
p
ie
n
t
tw

in
(2
6
5
)

N
o
(n
:
2
1
3
)

Y
es

(n
:
5
2
)

p-
va
lu
e;
O
R
(C
I
9
5
%
)

N
o
(n
:
2
3
5
)

Y
es

(n
:
3
0
)

p-
va
lu
e;
O
R
(C
I
9
5
%
)

U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

Q
u
in
te
ro
's
st
ag
e
o
f

T
O
P
S:

n/
to
ta
l
(%
)

II
1
0
8
/1
2
4
(8
7
.0
)

1
6
/1
2
4
(1
2
.9
)

0
.0
2
6
;

−
0
.6
2
1

1
1
3
/1
2
4
(9
1
.1
)

1
1
/1
2
4
(8
.5
)

0
.0
5
7
;

−
0
.9
8
1
;

−

II
I

8
7
/1
1
9
(7
3
.1
)

3
2
/1
1
9
(2
6
.9
)

0
.0
0
7
;
2
.4
8
(1
.2
8

−
4
.8
2
)

0
.3
3
1
;
0
.5
5

(0
.1
7
–
1
.8
4
)

1
0
5
/1
1
8
(8
8
.9
)

1
3
/1
1
8
(1
1
.0
)

0
.5
9
2
;
1
.2
6
(0
.5
4
–
2
.9
4
)

0
.9
2
4
;
0
.9
5

(0
.3
5
–
2
.5
9
)

IV
1
8
/2
2
(8
1
.8
)

4
/2
2
(1
8
.2
)

0
.5
0
9
;
1
.5
0
(0
.4
5
–
5
.0
0
)

0
.6
0
0
;
0
.7
0

(0
.1
8
–
2
.7
1
)

1
7
/2
3
(7
3
.9
)

6
/2
3
(2
6
.1
)

0
.0
1
9
;
3
.8
5
(1
.2
5

−
1
1
.8
6
)

0
.8
4
9
;
0
.7
7

(0
.0
5
–
1
1
.8
7
)

Y
es

1
5
6
/1
9
7
(7
9
.2
)

4
1
/1
9
7
(2
0
.8
)

1
7
4
/1
9
7
(8
8
.3
)

2
3
/1
9
7
(1
1
.7
)

D
is
cr
ep
an
cy

b
et
w
ee
n
E
F
W
,

%
:
A
ve
ra
ge

(S
D
)

2
4
.5
(1
4
.2
7
)

3
1
.6
8
(1
2
.4
6
)

0
.0
0
1
;
1
.0
4
(1
.0
2
–
1
.0
6
)

0
.0
4
5
;
1
.0
3

(1
.0
1
–
1
.0
5
)

2
6
.1
6
(1
4
.1
1
)

2
3
.7
7
(1
5
.0
0
)

0
.3
8
6
;
0
.9
9
(0
.9
6
–
1
.0
2
)

-

U
A
-P
I:
A
ve
ra
ge

(S
D
)

1
.6
1
(0
.5
1
)

1
.9
0
(0
.6
8
)

0
.0
0
1
;
2
.4
3
(1
.4
2
–
4
.1
5
)

0
.8
7
7
;
0
.9
4

(0
.4
0
–
2
.2
1
)

1
.2
3
(0
.3
4
)

1
.2
9
(0
.4
8
)

0
.4
2
4
;
1
.5
0
(0
.5
6
–
4
.0
3
)

-

A
R
E
D
F
-U
A
:
n/

to
ta
l
(%
)

N
o

1
4
8
/1
6
7
(8
8
.6
)

1
9
/1
6
7
(1
1
.4
)

0
.0
0
1
;
3
.9
6
(2
.1
0
–
7
.4
7
)

<
0
.0
0
1
;
3
.1
6

(1
.6
2
–
6
.1
5
)

2
2
7
/2
5
5
(8
9
.0
)

2
8
/2
5
5
(1
1
.0
)

0
.3
8
6
;
2
.0
3
(0
.4
1
–
1
0
.0
2
)

-

Y
es

6
5
/9
8
(6
6
.3
)

3
3
/9
8
(3
3
.7
)

8
/1
0
(8
0
.0
)

2
/1
0
(2
0
.0
)

D
V
-P
I:
A
ve
ra
ge

(S
D
)

0
.8
4
(0
.4
1
)

0
.9
1
(0
.4
3
)

0
.2
6
0
;
1
.4
8
(0
.7
5
–
2
.9
1
)

-
1
.0
6
(0
.4
9
)

1
.2
8
(0
.6
3
)

0
.0
3
1
;
2
.0
9
(1
.0
7
–
4
.0
7
)

0
.4
8
5
;
1
.4
1

(0
.5
4
–
3
.7
0
)

A
R
A
W
-D
V
:
n/

to
ta
l
(%
)

N
o

1
9
8
/2
4
4
(8
1
.1
)

4
6
/2
4
4
(1
8
.9
)

0
.2
8
7
;
1
.7
2
(0
.6
3
–
4
.6
8
)

-
1
8
1
/1
9
9
(9
1
.0
)

1
8
/1
9
9
(9
.0
)

0
.0
4
6
;
2
.2
4
(1
.0
1
–
4
.9
3
)

0
.7
1
0
;
1
.2
7

(0
.3
7
–
4
.3
8
)

Y
es

1
5
/2
1
(7
1
.4
)

6
/2
1
(2
8
.6
)

5
4
/6
6
(8
1
.8
)

1
2
/6
6
(1
8
.2
)

H
yd
ro
p
s:

n/
to
ta
l
(%
)

N
o

2
1
3
/2
6
5
(8
0
.4
)

5
2
/2
6
5
(1
9
.6
)

-
-

2
1
7
/2
4
0
(9
0
.4
)

2
3
/2
4
0
(9
.6
)

0
.0
0
9
;
3
.6
7
(1
.3
9
–
9
.7
1
)

0
.0
0
9
;
3
.6
7

(1
.3
9
–
9
.7
1
)

Y
es

-
-

1
8
/2
5
(7
2
.0
)

7
/2
5
(2
8
.0
)

N
ot
e:
B
o
ld

va
lu
es

ar
e
st
at
is
ti
ca
lly

si
gn
ifi
ca
n
t
re
su
lt
s.

A
b
b
re
vi
at
io
n
s:
A
R
A
W
-D
W
,A

b
se
n
t
o
r
R
ev
er
se
d
A
-W

av
e
in
th
e
D
u
ct
o
s
V
es
o
su
s
D
o
p
p
le
r;
A
R
E
D
F
-U
A
,A

b
se
n
t
o
r
R
ev
er
se
d
E
n
d
-D
ia
st
o
lic

F
lo
w
in
th
e
U
m
b
ili
ca
lA

rt
er
y
D
o
p
p
le
r;
C
I,
C
o
n
fi
d
en
ce

In
te
rv
al
;D

V
-P
I,

D
u
ct
u
s
V
en
o
su
s
D
o
p
p
le
r
P
u
ls
at
ili
ty
In
d
ex
;O

R
,O

d
d
s-
R
at
io
;S
D
,S
ta
n
d
ar
d
D
ev
ia
ti
o
n
;S
F
G
R
,s
el
ec
ti
ve

fe
ta
lg
ro
w
th

re
st
ri
ct
io
n
;T
A
P
S,
E
F
W
:E
st
im
at
ed

F
et
al
W
ei
gh
t;
T
O
P
S,
T
w
in
O
lig
o
-P
o
ly
h
yd
ra
m
n
io
s
Se
q
u
en
ce
;

U
A
-P
I,
U
m
b
ili
ca
l
A
rt
er
y
D
o
p
p
le
r
P
u
sa
ti
lit
y
In
d
ex
.

4 - ANDRIOLI PERALTA ET AL.

 10970223, 0, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/pd.6523 by C

L
E

ISSO
N

 FÁ
B

IO
 A

N
D

R
IO

L
I PE

R
A

L
T

A
 - U

niversity E
stadual D

e C
am

pina , W
iley O

nline L
ibrary on [22/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



The rate of PPTRM was 32.1% (85/265) at an average GA of

29.2 weeks (SD: 4.3; range: 19.0–36.0). The average GA at delivery

was 31.2 weeks (SD: 4.2; range: 17.9–39.1).

Among the ex-donor liveborn twins, the survival rate until hos-

pital discharge was 79.34% (169/213). In the univariate binary lo-

gistic regression analysis, significant predictors of survival in this

subgroup were pre-laser discrepancy between EFW, GA at birth, BW,

and 1st and 5th minutes Apgar scores. Using backward multivariate

binary logistic regression, only the GA at birth and 1st minute Apgar

score remained as significant predictors of the ex-donor twins' sur-
vival until hospital discharge (Table 2 and Supplementary Table S2).

The probability of this event happening increased with GA at birth

and 1st minute Apgar score and can be calculated as follows:

Probability = Odds/1 þ Odds, where the Odds is the eln(Odds) and the

ln(Odds) = −22.665 þ 0.557 (1st minute Apgar score) þ 0.715 (GA at

birth).

Among the ex-recipient liveborn twins, the survival rate until

hospital discharge was 85.53% (201/235). In the univariate binary

logistic regression analysis, significant predictors of survival in this

subgroup were pre-laser cervical length, total time of LAPV, GA at

birth, BW, 1st and 5th minutes Apgar scores, and the presence of

severe alterations in the TFUS. Using backward multivariate binary

logistic regression, only the GA at birth and 1st minute Apgar score

remained as significant predictors of the ex-recipient twins' survival
until hospital discharge (Table 2 and Supplementary Table S2). The

probability of this event happening increased with GA at birth and

1st minute Apgar score and can be calculated as follows:

Probability = Odds/1 þ Odds, where the Odds is the eln(Odds) and the

ln(Odds) = −15.729 þ 0.432 (1st minute Apgar score) þ 0.510 (GA at

birth).

From LAPV until hospital discharge, the overall survival rate,

survival of both twins and at least one twin were 69.62% (369/530),

56.60% (150/265) and 83.00% (220/265), respectively.

ASQ-3 was completed by the parents or caregivers of 60 ex-
donor and 63 ex-recipient infants at a median age of 36 months

(2–60). As most of them were co-twins, there was no significant

difference between the ages of ex-donors and ex-recipients at the
time of application of the test (p: 0.463). Moreover, there were no

differences between these groups in the frequency of alterations

detected in all ASQ-3 domains (Table 3).

Among the ex-donor infants, 58.3% (35/60) had abnormal results

in at least one of the five ASQ-3 domains, 20.0% (12/60) had

abnormal communication results, 35.0% (21/60) had abnormal gross

motor control, 28.3% (17/60) had abnormal fine motor control, 28.3%

(17/60) had abnormal problem-solving results and 40.0% (24/60) had

abnormal personal-social behavior. In the univariate binary logistic

regression analysis, altered neonatal TFUS was the single predictor of

altered communication and gross motor control results, and pre-laser
MCA-PSV expressed in MoM was the single predictor of altered

personal-social behavior. Using backward multivariate binary logistic
regression, altered neonatal TFUS also remained as the single pre-

dictor of altered fine motor and problem-solving skills (Table 4,

Figure 1 and Supplementary Table S3).

Among the ex-recipient infants, 52.3% (33/63) had abnormal

results in at least one of the five ASQ-3 domains, 15.9% (10/63) had

abnormal communication results, 30.2% (19/63) had abnormal gross

motor control, 27.0% (17/63) had abnormal fine motor control, 17.4%

(11/63) had abnormal problem-solving results and 30.2% (19/63) had

abnormal personal-social behavior. In the univariate binary logistic

regression analysis, pre-laser UA-PI was the single predictor of

altered personal-social behavior, pre-laser ARAW-DWwas the single

predictor of altered fine motor skills and pre-laser delta MCA-PSV
expressed in MoM was the single predictor of altered personal-
social behavior (Table 5, Figure 1 and Supplementary Table S4).

4 | DISCUSSION

4.1 | Summary of key findings

This study demonstrated that in cases of severe TOPS associated or

not with TAPS and/or SFGR, significant predictors of the ex-donor's
death from LAPV to delivery were pre-laser discrepancy between

EFW and the presence of AREDF-UA, and a significant predictor of

the ex-recipient fetus' demise was the presence of hydrops. It was

also demonstrated that among the liveborn twins, GA at birth and 1st

minute Apgar scores were the only predictors of survival until hos-

pital discharge for both the ex-donor and ex-recipient twins.

Furthermore, in a subset of twins who underwent neurological

follow-up using ASQ-3, the occurrence of severe alterations in the

neonatal TFUS was the most important predictor of altered ASQ-3
results, while different pre-laser fetal Doppler parameters seemed

to interfere with postnatal neurological outcomes in the ex-recipient
twins.

4.2 | Interpretation in the context of what is known
on the topic

Endoscopic LAPV is the treatment of choice for severe TOPS

(Quintero stages 2–4) and can be offered as one of the management

options to select cases of TOPS stage 1, TAPS and SFGR.4,6,10–21

When combinations of these conditions occur and LAPV is proposed

as the main treatment option, it may be difficult to predict fetal,

perinatal and neurological outcomes while taking into consideration

the stages and types of each disease. In fact, the present study did

not show a correlation between Quintero TOPS stages and the

presence or absence of SFGR or TAPS with fetal, perinatal, neonatal

and infants' neurological outcomes.

In the present study, discrepancy in the EFWs and the presence

of AREDF-UA were significant predictors of the ex-donor twin

demise in the period from LAPV to delivery, which probably reflects

the coexistence of SFGR, although SFGR was not a significant pre-

dictor of this outcome when considered a categorical variable.

Similarly, the presence of hydrops, which is used to define stage IV of

TOPS, was more important than Quintero's classification in the
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prediction of the ex-recipient twin demise in the period from LAPV

until delivery. The assumption that using specific ultrasound and/or

clinical parameters to predict outcomes may be better than classi-

fying types or stages of diseases is in accordance with other au-

thors,21,29 although there is no consensus. As in our study, Krispin

et al.29 developed a predictive model for dual survival after LAPV for

TOPS, which included variables obtained at the time of TOPS diag-

nosis, such as a donor twin EFW <10th centile, an intertwin EFW

discordance >25%, the position of the placenta, and Doppler pa-

rameters of the donor twin. In contrast to our study, in a systematic

review, Nassr et al.30 demonstrated that the risk of post-LAPV ex-
donor twin demise was significantly increased for higher Quintero

stages (III and IV) compared with lower stages (I and II). These results

may be biased by the inclusion of patients with Quintero stage I in

the meta-analysis. A recent randomized trial performed by Stirne-

mann et al.31 demonstrated that LAPV does not improve the out-

comes of TOPS stage I in asymptomatic pregnant women with a long

cervix. This is one of the reasons why we did not include patients

with TOPS stage I in our cohort, which may also explain the differ-

ences between our results and those presented in the above-

mentioned systematic review. Also different from our approach was a

meta-analysis by D’Antonio et al.32 demonstrated that the overall

risk of fetal loss after LAPV was significantly higher in patients with

TOPS complicated by SFGR, especially due to the death of the donor

twin. Carmant et al.33 also showed that SFGR, especially types II and

III, is independently associated with decreased dual survivorship in

TOPS patients undergoing LAPV.

Previous studies29,30 have also demonstrated the importance of

anterior placentas and a lower GA at the time of LAPV as predictors

of fetal demise, but this relation was not observed in our study. These

differences may be due to variations in technical approaches,

equipment and medical skills.

In the present study, it was expected that other parameters,

rather than prenatal ultrasound signs, would interfere with the

probability of hospital discharge among the liveborn twins. In fact,

GA at birth and 1st minute Apgar scores obviously influenced the

chance of survival.

Regarding the infants' neurological follow-up in our cohort, it

seems clear that the relationship between severe alterations shown

on TFUS for the ex-donor twin and a higher risk of compromise in

almost all domains covered by the ASQ-3 seems clear. However, it is

not straightforward to understand the relation between the pre-
LAPV UA-PI, ARAW-DV and delta MCA-PSV (MoM) and a higher

risk of compromise in specific domains of the ASQ-3 in the ex-
recipient twins. The association of prenatal ultrasound findings in

cases of TOPS with or without TAPS and/or SFGR and neuro-

developmental compromise is still a controversial issue in the liter-

ature. In a recent study, Tollenaar et al.6 demonstrated that surviving

donor twins of pregnancies complicated by spontaneous TAPS have

fourfold higher odds of neurodevelopmental impairment than recip-

ient wins. Furthermore, in cases of TOPS, D’Antonio et al.32

demonstrated that pre-LAPV discrepancies in EFWs significantly

affected the neurodevelopment of the ex-donor twins. In previous

studies by our group, we could not find a relationship between pre-

natal fetal ultrasound parameters and the results of magnetic reso-

nance imaging (MRI) performed before and after LAPV in cases of

severe TOPS with infant neurological outcomes evaluated with the

Bayley's scale.34–36 It could be speculated that some Doppler findings

in cases of TOPS and/or TAPS could be associated with a certain

degree of brain hypoxia, however, this needs to be further evaluated

F I GUR E 1 Prediction of neurodevelopment after laser treatment in severe twin oligo-polyhydramnios sequence.
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in a greater number of patients. Our numbers in the present analysis

show that both the ex-donor and ex-recipient twins carry a high risk
of at least a mild neurological delay. This could help to orient the

parents experiencing this situation so that a closer follow-up with a

specialist could be ideal.

4.3 | Limitations and strengths

This study has some limitations. Firstly, neurological follow-up with

the ASQ-3 was not performed in all cases. However, selection bias

is unlikely, given that the test was introduced in our routine in

2016 and was offered to all consecutive cases. Secondly, the ASQ-
3 has the disadvantage of not considering a presential neurological

evaluation and is therefore dependent on the caregiver's subjective

impression. Thirdly, we did not evaluate the importance of a cyclic

flow in the umbilical artery of the twins, because this information

was not regularly valorized in our database before the study of

Gratacós et al.,9 who used this aspect to categorize the SFGR in

type III. Finally, the small number of patients with severe TAPS

probably precludes us from drawing any conclusion about the in-

fluences of this condition on post-LAPV and/or postnatal

outcomes.

Some strengths of this study could be highlighted. The sample

size is significant, taking into account the incidence of severe

TOPS. Moreover, it was a single center study, with a single oper-

ator using a homogeneous methodology for preoperative ultra-

sound assessment and surgical treatment. There was also a

homogeneous postoperative and follow-up protocol. In addition,

the possibility of performing multivariate logistic regression anal-

ysis, which is not often possible in smaller sample sizes, probably

resulted in a better hierarchical assessment of predictors. There-

fore, the knowledge arising from this study may help parental

counseling in cases of TOPS associated or not with SFGR before

LAPV is undertaken.

5 | CONCLUSIONS

This study may contribute to the prediction of outcomes in cases of

severe TOPS associated or not with SFGR and/or TAPS treated by

LAPV. Major predictors of fetal survival for the ex-donor twins were
their size and umbilical artery Doppler pattern, and for the ex-
recipient twins was the presence of hydrops. Additionally, pre-

dictors of neonatal survival after a livebirth were the gestational age

at birth and early Apgar scores. Abnormal neurodevelopment at

36 months may be anticipated by abnormal TFUS at birth and pre-
laser diagnosis of associated TAPS.
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