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Abstract Objective This study was aimed to evaluate the role of intertwin discrepancy in middle
cerebral artery peak systolic velocity (MCA-PSV) and cerebroplacental ratio (CPR) for the
prediction of adverse outcomes in monochorionic-diamniotic (MCDA) twin pregnancies.
Study Design A retrospective cohort study of MCDA pregnancies that underwent
ultrasound surveillance at a perinatal referral center from 2007 to 2017. Intertwin MCA-
PSV discrepancy (MCA-DPSV-MoM) was defined as the absolute difference of MCA-PSV
multipleof themedian (MoM) forgestational agebetweentwins. IntertwinCPRdiscrepancy
(CPR-D) was defined as the absolute difference of CPR between twins. ThemaximumMCA-
DPSV-MoM and CPR-D before and after 26 weeks of gestation were assessed as predictors of
pregnancy andneonatal outcomes through simple logistic regressionmodels andPearson’s
correlation coefficients. Receiver operating characteristic (ROC) curves were generated to
determine the predictive value of maximum MCA-DPSV-MoM and CPR-D.
Results A total of 143 MCDA pregnancies met inclusion criteria. There was a
significant association between MCA-DPSV-MoM at <26 weeks and the development
of twin anemia-polycythemia sequence (TAPS; p¼ 0.007), intrauterine fetal demise
(IUFD; p¼0.009), and neonatal intensive care unit (NICU) admission (p< 0.05). MCA-
DPSV-MoM at�26 weeks was associated with the development of TAPS (p< 0.001). CPR-
D at <26 weeks was associated with the development of twin-twin transfusion
syndrome (TTTS; p¼ 0.03) and NICU admission (p¼0.02). MCA-DPSV-MoM at �26
weeks was highly predictive of TAPS (area under curve [AUC]¼0.92). A cut-off of
0.44 would identify TAPS with 100% sensitivity and 73% specificity.
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Monochorionic-diamniotic (MCDA) twin pregnancies are at a
three to five times higher risk of perinatal morbidity and
mortality than dichorionic twins.1 This increase in risk is
attributed to a shared placenta and characterized by inter-
twin vascular anastomoses which, when unbalanced, leads
to complications specific to MCDA twins.2,3 These risks
include twin-twin transfusion syndrome (TTTS), twin ane-
mia-polycythemia sequence (TAPS), and selective intrauter-
ine growth restriction (sIUGR).4

Due to the increased risk of complications, these pregnan-
cies require close surveillance. However, the evidence for
timing and components of monitoring is limited and the
recommendations for surveillance vary between governing
bodies.4–7 The Society for Maternal-Fetal Medicine recom-
mends serial ultrasound surveillance at every 2 weeks, start-
ing at 16 weeks, to monitor amniotic fluid levels and bladder
filling per guidance from the North American Fetal Therapy
Network, but there continues to be no consensus on the
inclusion of umbilical artery (UA) andmiddle cerebral artery
(MCA) Doppler measurements in the surveillance of MCDA
pregnancies.7Doppler interrogation of the UA andMCA have
been shown to play an important role in antenatal assess-
ment of high-risk pregnancies, decreasing perinatal morbid-
ity and mortality.8–11 In addition, the cerebroplacental ratio
(CPR)mayhave value in the assessment of fetalwellbeing and
prediction of adverse neonatal outcomes.12–16 CPR is a
combined measurement of fetal response and placental
status and theorized to be a more sensitive Doppler index
for predicting perinatal outcomes.17,18

The data on the utility of Doppler measurements inMCDA
twins and prediction of adverse pregnancy outcomes are
limited with variable conclusions. Some have demonstrated
an association between abnormal Doppler measurements in
monochorionic twins with neonatal morbidity, preterm
delivery, and low birth weight (BW), while others demon-
strated that isolated Doppler abnormalities are commonly
observed in monochorionic twins and are not associated
with adverse outcomes.19,20 Gaziano et al was the first study
to evaluate CPR in both monochorionic and dichorionic twin
pregnancies and demonstrated that CPR was superior to the
UA and MCA in prediction of adverse neonatal events.21

Lastly, two retrospective studies have explored the novel
utility of intertwin discrepancy of CPR and MCA-PSV and

demonstrated an association with perinatal loss and sIUGR,
respectively.22,23

Doppler ultrasonography, specifically intertwin differen-
ces of Doppler indices, in MCDA twin pregnancies requires
further exploration to identify optimal methods of surveil-
lance and subsequent timely interventions for these high-
risk pregnancies. Here, we report our evaluation of the role of
intertwin differences inMCA-PSVand CPR in the surveillance
of MCDA pregnancies and association with MCDA-specific
complications.

Materials and Methods

We conducted a retrospective cohort study reviewing all
MCDA twin pregnancies that underwent antenatal surveil-
lance over a 10-year period between January 1, 2007, and
February 1, 2017, at a single, high-volume metropolitan
perinatal referral center associated with the Department of
Obstetrics and Gynecology at the David Geffen School of
Medicine at the University of California Los Angeles (UCLA).
This study was approved by the UCLA Institutional Review
Board (IRB no.: 17–000486) and a waiver of informed
consent was obtained. WomenwithMCDA twin pregnancies
whowere scheduled for biweekly ultrasounds, or as clinical-
ly indicated, between 16 and 34 weeks were included. All
ultrasound studies were performed by registered diagnostic
sonographers, followed by a confirmatory scan by a board-
certified maternal-fetal medicine specialist. During each
biweekly ultrasound, patients underwent Doppler evalua-
tion of UA and MCA parameters, along with amniotic fluid
and growth assessments per our center’s protocol. Patients
were identified through a search function within the clinical
ultrasound database. We performed a multilayer search
using dropdown values for number of gestation (“2”), cho-
rionicity (“monochorionic-diamniotic”), and report com-
ments for appropriate terms (“twin,” “twins,” and
“monochorionic”). Each chart was reviewed individually to
ensure accuracy of chorionicity, and clinical information and
ultrasound variables were extracted from the review of
medical records by one obstetrician (T.M.) to ensure unifor-
mity in coding. Only deidentified information was used.

Pregnancies were dated by measurement of crown-rump
length (CRL) of the larger twin in the first trimester, dates of

Key Points
• Intertwin discrepancy of MCA-PSV and CPR is associated with adverse pregnancy outcomes.
• Intertwin differences in Doppler ultrasound may occur prior to meeting diagnostic criteria for TTTS or TAPS.
• There is potential clinical predictive utility in MCA and CPR surveillance of MCDA twin pregnancies.

Conclusion In MCDA pregnancies, intertwin MCA and CPR discrepancies are associ-
ated with adverse pregnancy and neonatal outcomes, including TAPS, TTTS, IUFD, and
NICU admission. Evaluation of intertwin MCA and CPR differences demonstrated the
potential for clinical predictive utility in the surveillance of MCDA twin pregnancies.
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embryo transfer in in vitro fertilization (IVF) patients, or by
the date of a certain last menstrual period (LMP) in women
with regular cycles, unless there was a discrepancy of more
than 5 to 7 days between dating by LMP and the CRL of the
larger twin.6 Chorionicitywas determined by the presence of
lambda or T signs and number of placentas at the first
ultrasound.24 Exclusion criteria included pregnancies com-
plicated by chromosomal abnormalities or major structural
anomalies and patients who presented after intrauterine
fetal demise (IUFD) before 16 weeks of either twin or after
the development of MCDA-twin-specific complications, in-
cluding TTTS, TAPS, and sIUGR. Patients with incomplete
ultrasound records or without MCA Doppler measurements
were also excluded.

Variables collected includedmaximumvertical pockets of
amniotic fluid in each sac, estimated fetal weight, UA, and
MCADopplermeasurements. Thehead circumference, bipar-
ietal diameter, abdominal circumference, and femur length
were used to calculate estimated fetal weight via Hadlock’s
formula.25 UA Doppler measurements were categorized as
normal, elevated systolic-to-diastolic ratio defined as greater
than 95th percentile for gestational age, absent-end diastolic
flow, or reverse-end diastolic flow. MCA Doppler measure-
mentswere defined as elevated if peak systolic velocity (PSV)
was greater than 1.5 multiples of the median (MoM) for
gestational age.26

Intertwin MCA-PSV discrepancy (MCA-DPSV-MoM) was
defined as the absolute difference ofMCA-PSVMoMbetween
the twins. CPR was calculated as the ratio of MCA PI to UA PI,
and intertwin CPR discrepancy (CPR-D) was defined as the
absolute difference of CPR between the twins. Measure-
ments were performed between 14 to 37 weeks. For this
study, the MCA-DPSV-MoM and CPR-D measurements were
divided evenly into two groups defined as the <26 weeks
group (14–25 completed weeks) and the �26 weeks group
(26–37 completed weeks) and assessed as predictors of
adverse pregnancy outcomes. If multiple measurements
were performed, the maximum intertwin discrepancy for
MCA and CPR were used for analysis.

The primary outcome of interest for this study was the
development of MCDA-specific complications, including
TTTS, TAPS, and sIUGR. TTTS was diagnosed according to
Quintero staging criteria.27 TAPS was defined as MCA-PSV
higher than 1.5 MoM for gestational age in one twin and
lower than 0.8 MoM in the other twin.28 This definition is
based on our regional fetal surgeon’s diagnostic criteria for
TAPS which is required before fetal interventions will be
offered. sIUGR was diagnosed when the estimated fetal
weight of one twin was below 10th percentile for the
assigned gestational age.29 Secondary outcomes that were
collected included pregnancy and neonatal outcomes. Preg-
nancyoutcomes included IUFD(s), gestational age at delivery,
and mode of delivery. Neonatal outcomes included average
birth weight (BW), BW difference, and NICU admission.
BW difference was calculated as (larger twin BW – smaller
twin BW) / larger twin BW�100%.30

Fisher’s exact test or Chi-square test was used to examine
the association between categorical variables and complica-

tion groups, presented as frequency count (%). Continuous
variables were presented as median (interquartile range
[IQR]) and compared using the Wilcoxon’s rank-sum test.
The association between maximumMCA-DPSV-MoM or CPR-D
at <26 weeks and �26 weeks and development of MCDA-
specific complications and other adverse pregnancy or
neonatal outcomes were evaluated through simple logistic
regression models and calculation of Pearson’s correlation
coefficients. Receiver operating characteristic (ROC) curves
were generated to assess the predictive value of maximum
MCA-DPSV-MoM and CPR-D at <26 weeks and �26 weeks, and
Youden’s index was used to identify their best cut-off values
in the prediction of respective outcomes. p-Values of <0.05
were considered statistically significant. All analyses were
performed using SAS v9.4 (SAS Institute Inc., Cary, NC).

Results

Two hundred and twenty MCDA twin pregnancies were
identified. Seventy pregnancies were excluded due to in-
complete clinical data (e.g., single, second-opinion ultra-
sound or lack of MCA data prior to development of a
standardized protocol), one was excluded due to unclear
chorionicity, three were excluded due to referral after devel-
opment of TTTS, and three were excluded because of major
fetal structural anomalies. As a result, 143 MCDA twin
pregnancies met inclusion criteria and were included in
the analysis. A total of 1,763 ultrasounds were reviewed
with a median of 11 (IQR: 8–14) ultrasounds performed per
patient throughout the gestation. A total of 1,187 MCA and
834 CPR measurements were collected for analysis.

Baseline maternal demographics and clinical character-
istics of all MCDA twin pregnancies and those that developed
TTTS, TAPS, or sIUGR are depicted in ►Table 1. Maternal age,
body mass index (BMI), race, parity, and the presence of
maternal comorbidity did not differ significantly between
pregnancies complicated by MCDA-twin-specific complica-
tions. Pregnancies complicated by sIUGR were more likely to
have a history of a prior preterm delivery (p¼0.02) and had a
higher proportion of Hispanic ethnicity (p¼0.04). Pregnan-
cies conceived by assisted reproductive technology did not
differ in development of TTTS, TAPS, or sIUGR when com-
pared with those that conceived spontaneously (p>0.10).

Sixteen (11.2%) pregnancies were complicated by TTTS, 7
(4.9%) by TAPS, and 41 (28.7%) by sIUGR (►Fig. 1). The
median gestational age at diagnosis was 22.7 weeks (range:
15.4–30.0), 30.1 weeks (range: 17.9–35.0), and 26.3 weeks
(range: 14.9–25.9) for TTTS, TAPS, and sIUGR, respectively. Of
those with TTTS, four (25%) were stage I, six (37.5%) were
stage II, four (25%) were stage III, one (6.3%) was stage IV, and
one (6.3%) was stage V. Nine (56.3%) pregnancies complicat-
ed by TTTS underwent laser ablation, and the remaining
sevenpregnancies underwent expectantmanagementdue to
being ineligible for intervention. Five pregnancies were
greater than 26 weeks of gestation at the time of diagnosis
and two were complicated by IUFD of both twins. Of the
seven pregnancies complicated by TAPS, six (85.7%) were
spontaneous TAPS and one (14.3%) developed following laser

American Journal of Perinatology Vol. 38 No. 13/2021 © 2021. Thieme. All rights reserved.

Intertwin MCA and CPR Discrepancy in MCDA Twins Mok et al.1350

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Ta
b
le

1
M
at
er
na

ld
em

og
ra
ph

ic
s
an

d
ch

ar
ac

te
ri
st
ic
s
of

al
lM

C
D
A
tw

in
pr
eg

na
nc

ie
s
an

d
th
os

e
w
it
h
M
C
D
A
-t
w
in
-s
pe

ci
fi
c
co

m
pl
ic
at
io
ns

C
ha

ra
ct
er
is
ti
c

A
ll
pa

ti
en

ts
(n

¼
14

3)
TT

TS
(n

¼
16

)
p-
V
al
u
e

TA
PS

(n
¼
7)

p-
V
al
ue

sI
U
G
R
(n

¼
41

)
p-
V
al
u
e

M
at
er
na

la
ge

(y
)

M
ed

ia
n
(I
Q
R)

35
.0

(3
1–

38
)

34
.0

(3
1.
5–

37
.5
)

0.
75

36
(3
3–

39
)

0.
36

34
.0

(3
0–

36
)

0.
07

Bo
dy

m
as
s
in
de

x
(k
g/
m

2
)

M
ed

ia
n
(I
Q
R)

26
.1

(2
2.
2–

28
.9
,n

¼
12

4)
24

.5
(2
1.
8–

29
.4
,
n
¼
14

)
0.
63

28
.0

(2
1.
9–

28
.3
,
n
¼
5)

0.
84

26
.6

(2
1.
9–

29
.3
,
n
¼
34

)
0.
58

W
ei
gh

t
(k
g)

M
ed

ia
n
(I
Q
R)

64
.4

(5
6.
7–

75
.2
,n

¼
13

1)
60

.6
(5
5.
8–

75
.2
,
n
¼
14

)
0.
86

75
.1

(6
9.
9–

77
.1
,
n
¼
6)

0.
12

62
.8

(5
6.
7–

70
.5
,
n
¼3

6)
0.
18

Et
hn

ic
it
y

H
is
pa

ni
c/
La
ti
no

9
(6
.3
)

1
(6
.3
)

1.
00

0
(0
)

1.
00

6
(1
4.
6)

0.
04

N
ot

H
is
pa

ni
c/
La
ti
no

13
5
(9
4.
4)

15
(9
3.
7)

7
(1
00

)
35

(8
5.
4)

Ra
ce W
hi
te
/m

o
re

th
an

on
e
ra
ce

97
(6
7.
8)

11
(6
8.
8)

0.
71

5
(7
1.
4)

0.
29

28
(6
8.
3)

0.
51

Bl
ac
k/
A
fr
ic
an

A
m
er
ic
an

3
(2
.1
)

0
(0
)

0
(0
)

0
(0
)

A
si
an

or
Pa

ci
fi
c
Is
la
nd

er
28

(1
9.
6)

3
(1
8.
8)

0
(0
)

7
(1
7.
1)

O
th
er

12
(8
.4
)

1
(6
.3
)

2
(2
8.
6)

4
(9
.8
)

U
nk

no
w
n

4
(2
.8
)

1
(6
.3
)

0
(0
)

2
(4
.9
)

N
ul
lip

ar
o
us

59
(4
1.
3)

7
(4
3.
8)

1.
00

1
(1
4.
3)

0.
24

19
(4
6.
3)

0.
46

H
is
to
ry

of
pr
et
er
m

de
liv
er
y

N
o

14
0
(9
7.
9)

16
(1
00

)
1.
00

7
(1
00

)
1.
00

38
(9
2.
7)

0.
02

Ye
s

3
(2
.1
)

0
(0
)

0
(0
)

3
(7
.3
)

M
at
er
na

lc
om

or
b
id
it
y

N
on

e
12

2
(8
5.
3)

14
(8
7.
5)

0.
69

6
(8
5.
7)

0.
41

31
(7
5.
6)

0.
11

C
hr
o
ni
c
hy

pe
rt
en

si
on

1
(0
.7
)

0
(0
)

0
(0
)

0
(0
)

D
ia
be

te
s
m
el
lit
us

3
(2
.1
)

0
(0
)

1
(1
4.
3)

2
(4
.9
)

A
st
hm

a
3
(2
.1
)

1
(6
.3
)

0
(0
)

1
(2
.4
)

Th
yr
oi
d
di
se
as
e

6
(4
.2
)

0
(0
)

0
(0
)

4
(9
.8
)

O
th
er

8
(5
.6
)

1
(6
.3
)

0
(0
)

3
(7
.3
)

U
se

of
A
R
T

N
o

97
(6
7.
8)

13
(8
1.
3)

0.
27

7
(1
00

)
0.
10

29
(7
0.
7)

0.
70

Ye
s

46
(3
2.
2)

3
(1
8.
8)

0
(0
)

12
(2
9.
3)

A
b
br
ev

ia
ti
on

s:
A
R
T,

as
si
st
ed

re
p
ro
d
uc

ti
ve

te
ch

no
lo
gy

;I
Q
R
,i
nt
er
qu

ar
ti
le

ra
ng

e;
M
C
D
A
,m

o
no

ch
or
io
ni
c-
d
ia
m
ni
ot
ic
;s
IU
G
R,

se
le
ct
iv
e
in
tr
au

te
ri
ne

gr
ow

th
re
st
ri
ct
io
n;

TA
PS

,t
w
in

an
em

ia
-p
ol
yc
yt
he

m
ia
se
q
ue

nc
es
;

TT
TS

,
tw

in
-t
o-
tw

in
tr
an

sf
us
io
n
sy
nd

ro
m
e.

N
ot
e:

V
al
ue

s
ar
e
pr
es
en

te
d
as

n
(%

)
un

le
ss

ot
he

rw
is
e
in
di
ca

te
d
.
If
va
lu
es

w
er
e
m
is
si
ng

fo
r
ce

rt
ai
n
pa

ra
m
et
er
s,

n
is
in
di
ca

te
d
.

American Journal of Perinatology Vol. 38 No. 13/2021 © 2021. Thieme. All rights reserved.

Intertwin MCA and CPR Discrepancy in MCDA Twins Mok et al. 1351

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



ablation treatment of TTTS. All but one of the pregnancies
complicated by sIUGRwas diagnosedwith type-1 sIUGR, and
all underwent expectant management with close
surveillance.

Pregnancy and neonatal outcomes are summarized
in►Table 2. Fourteen patients did not have delivery outcomes
available for review due to delivery outside the system, and
two pregnancies were complicated by TTTS resulting in fetal
demise of both twins. As a result, a total of 127 patients with
pregnancy and neonatal outcomes were available for review.
Gestational age of delivery was significantly lower for preg-
nancies complicated by TTTS (p<0.01) and sIUGR (p¼0.01)
but not for TAPS (p¼0.23). Indication for delivery was also
significantly different for pregnancies complicated by TTTS
(p<0.01) and sIUGR (p<0.01) but not TAPS (p¼0.46). There
was not an increased risk of cesarean delivery for pregnancies
with MCDA-specific complications. The average BW was sig-
nificantly lower in pregnancies that were complicated by TTTS
(p<0.01) and sIUGR (p<0.01) but not for pregnancies com-
plicated by TAPS (p¼0.53). As expected, BW discordance was
higher in pregnancies complicated by sIUGR at 17.7% (IQR:
12.1–24.0, p<0.01). Pregnancies that developed MCDA-spe-
cific complications had more than twice the NICU admissions
of one or both twins comparedwith respective uncomplicated
MCDA pregnancies. Therewere a total of four neonatal deaths,
three of which were pregnancies complicated by TTTS.

Results of the univariate logistic regressionmodel analysis
ofMCA-DPSV-MoM and CPR-D are presented in►Table 3. MCA-
DPSV-MoM at<26 weeks was associated with IUFD (odds ratio
[OR]¼18.91, 95% confidence interval [CI]: 2.11–169.13,
p¼0.01,), NICU admission (OR¼91.46, 95% CI: 1.26–
301.74, p¼0.03), and TAPS (OR¼21.39, 2.33–196.80,
p¼0.01). MCA-DPSV-MoM at �26 weeks was also associated
with TAPS (OR¼769.79, 95% CI: 15.98–999.99, p<0.01).
Intertwin CPR discrepancy at <26 weeks was significantly
associated with the development of TTTS (OR¼2.23, 95% CI:
1.10–4.76, p¼0.03). The average time before TTTS developed

and intertwin CPR discordance first noted was 2 weeks and
1 day, and 80% of the measurements demonstrated a lower
CPR value in the donor and a higher CPR value in the
recipient. CPR-D at <26 weeks was also significantly associ-
atedwithNICU admission of at least one twin (OR¼3.94, 95%
CI: 1.31–11.85, p¼0.02).

Pearson’s correlation coefficient demonstrated a signifi-
cant correlation between CPR-D at <26 weeks to gestational
age at delivery (r¼�0.30, p¼0.002) and average BW (r¼
�0.38, p<0.001). Increasing CPR-D at <26 weeks was cor-
related with earlier gestational age at delivery and lower
average BW, respectively. There was also a moderate associ-
ation of increasing CPR-D at <26 weeks with nonreassuring
fetal testing requiring delivery (r¼0.39). In contrast, CPR-D
at �26 weeks was not associated with the development of
complications or adverse perinatal outcomes.

ROC curves were developed to assess the predictive
performance of MCA-DPSV-MoM and CPR-D for MCDA-twin-
specific complications and other adverse pregnancy and
neonatal outcomes. ►Fig. 2 presents the ROC curves for
MCA-DPSV-MoM at <26 weeks for TAPS (area under curve
[AUC]¼0.62), IUFD (AUC¼0.61), and NICU admission
(AUC¼0.61) and MCA-DPSV-MoM at �26 weeks for TAPS
(AUC¼0.92). An intertwin MCA PSV MoM discrepancy of
0.61 at <26 weeks would identify TAPS with a sensitivity
of 57% and specificity of 98%. A MCA-DPSV-MoM cut-off of
0.27 at <26 weeks would identify pregnancies complicated
by IUFD with sensitivity of 71% and specificity of 61%, and
an intertwin MCA PSV MoM discrepancy of 0.36 at <26
weeks would predict the requirement of NICU admission
with a sensitivity of 34% and specificity of 89%. With an
MCA-DPSV-MoM cut-off of 0.44 at �26 weeks, we would
identify pregnancies complicated by TAPS with a sensitivity
of 100% and specificity of 73%.

ROC curves for the development of TTTS (AUC¼0.68) and
NICU admissions (AUC¼0.67) by CPR-D at <26 weeks are
shown in►Fig. 3. With a CPR-D cut-off of 0.73 at<26 weeks,
we would identify pregnancies complicated by TTTS with a
sensitivity of 67% and a specificity of 73%. Using a CPR-D cut-
off of 0.39 at <26 weeks, we would identify pregnancies
requiring NICU admission following delivery with 78 and
55% of sensitivity and specificity, respectively.

Discussion

This study evaluates the utility of intertwin discrepancy of
MCA-PSV MoM and CPR in the surveillance of MCDA twin
pregnancies and its association with the development of
MCDA-twin-specific complications and adverse pregnancy
outcomes.We identified that increased intertwin differences
in these parameters at various times in gestation can be
associated with the development of complications of MCDA
twin gestations and adverse pregnancy outcomes.

Confirmation thatMCA-DPSV-MoM at�26weeks is a strong
predictor of TAPS is consistent with the current diagnostic
criteria of TAPS.28 A recent study by Tollenaar et al demon-
strated that delta MCA PSV>0.5 MoM had a greater diag-
nostic accuracy for predicting TAPS than the traditional

Fig. 1 Flow diagram of monochorionic-diamniotic twin pregnancies
and development of primary outcomes. MCDA, monochorionic-dia-
mniotic; sIUGR, selective intrauterine growth restriction; TAPS, twin
anemia-polycythemia sequence; TTTS, twin-twin transfusion
syndrome.
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individual MCA PSV cut-off criteria.31 Our study supports
their findings that increasing intertwin MCA-DPSV-MoM may
be predictive of the eventual development of TAPS. However,
theMCA-DPSV-MoM cut-off value shown to bemost predictive
of TAPS in our study was 0.44 MoM. This is lower than

traditional diagnostic criteria for TAPS and the one suggested
by Tollenaar et al. Based on our study findings, intertwin
MCA-DPSV-MoM may provide additional utility in identifying
evidence of TAPS prior to meeting the classic diagnostic
criteria and earlier in the process. In addition, the predictive

Table 3 Logistic regression model analysis of intertwin MCA-PSV MoM and CPR difference at<26 and�26 weeks as predictors
of complications in MCDA twin pregnancies

Outcome Intertwin difference
with outcome

Intertwin difference
without outcome

Odds ratio 95% CI p-Value

<26 weeks intertwin MCA-PSV MoM difference

TTTS 0.35� 0.32 0.28�0.20 3.20 0.48–21.33 0.23

TAPS 0.60� 0.55 0.27�0.17 21.39 2.33–196.80 0.01

sIUGR 0.31� 0.24 0.28�0.21 1.79 0.34–9.42 0.49

IUFD 0.59� 0.63 0.28�0.16 18.91 2.11–169.13 0.01

NICU admission 0.33� 0.26 0.23�0.11 19.46 1.26–301.74 0.03

�26 weeks intertwin MCA-PSV MoM difference

TTTS 0.35� 0.18 0.37�0.19 0.88 0.03–24.99 0.94

TAPS 0.72� 0.25 0.35�0.17 769.79 15.98–>999.99 <0.01

sIUGR 0.36� 0.19 0.37�0.19 0.78 0.09–6.68 0.82

IUFD 0.18 0.37�0.19 0.002 <0.001–314.35 0.31

NICU admission 0.40� 0.22 0.33�0.15 6.86 0.70–66.89 0.10

<26 weeks intertwin CPR difference

TTTS 1.21� 1.48 0.60�0.50 2.23 1.10–4.76 0.03

TAPS 0.56� 0.30 0.68�0.72 1.09 0.39–3.04 0.87

sIUGR 0.76� 0.53 0.65�0.77 1.23 0.73–2.05 0.44

IUFD 0.95� 1.09 0.64�0.67 0.92 0.30–2.82 0.80

NICU admission 0.81� 0.82 0.50�0.40 3.94 1.31–11.85 0.02

�26 weeks intertwin CPR difference

TTTS 0.78� 0.53 1.05�1.01 0.58 0.16–2.14 0.42

TAPS 0.96� 0.46 1.03�1.01 1.21 0.66–2.23 0.55

sIUGR 0.94� 0.57 1.06�1.09 0.84 0.48–1.46 0.53

IUFD 0.58� 0.37 1.04�0.99 0.11 <0.001–32.94 0.44

NICU admission 0.86� 0.54 1.20�1.44 0.61 0.34–1.11 0.11

Abbreviations: CI, confidence interval; CPR, cerebroplacental ratio; IUFD, intrauterine fetal demise; MCA-PSV, middle cerebral artery-peak systolic
velocity; MCDA, monochorionic-diamniotic; MoM, multiple of the median; NICU, neonatal intensive care unit; sIUGR, selective intrauterine growth
restriction; TAPS, twin anemia-polycythemia sequences; TTTS, twin-to-twin transfusion syndrome.
Note: Values are presented as mean� standard deviation.

Fig. 2 Receiver operating characteristic curves for predictionof (A) TAPS, (B) IUFD, (C) NICUadmissionby intertwinMCA-PSVMoMdifferenceat<26weeks
and (D) TAPS by intertwin MCA-PSV MoM difference at�26 weeks. AUC, area under curve; MCA-PSV; middle cerebral artery peak systolic velocity; MoM,
multiple of the median; NICU, neonatal intensive care unit; IUFD, intrauterine fetal demise; TAPS, twin anemia-polycythemia sequence.
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value of MCA-DPSV-MoM for TAPS was significantly higher at
�26weeks than at<26weeks consistentwith themajority of
TAPS cases being diagnosed in the late second or third
trimester.32 The discrepancy in predictive value of MCA-
DPSV-MoM at <26 versus �26 weeks of TAPS argues for
continued surveillance of the MCA throughout the entirety
of the pregnancy.

Multiple studies have demonstrated the value of CPR in
the evaluation of singleton pregnancies for the prediction of
adverse perinatal outcomes, particularly in fetal growth
restriction.13–18Wedid not see an associationwith intertwin
CPR difference and development of sIUGR. A possible expla-
nation for the lack of association with sIUGR is that we did
not include an estimated fetal weight discordance of 25% in
the diagnostic criteria for sIUGR and as a result, the average
BW discordance in our cohort was 17.7% with no pair
exceeding 24% discordance, likely demonstrating less-severe
sIUGR. In addition, all of the pregnancies except one were
complicated by type-1 sIUGR which is associated with a
more favorable outcome. In contrast, we observed a signifi-
cant association with CPR-D at <26 weeks with NICU admis-
sion. IncreasingCPR-D at<26weekswas also correlatedwith
earlier gestational age at delivery, lower average BW, and
development of nonreassuring fetal status requiringdelivery.
It is possible that these were confounding factors, as they are
interrelated and can influence the rate of NICU admission.
However, prior studies on singleton gestations of both small
for gestational age and appropriate for gestational age fetuses
have also shown that CPR is an independent predictor for
NICU admissions.14,15 These studies along with our study
findings of CPR-D at<26 weeks associated with NICU admis-
sion and nonreassuring fetal status requiring delivery may
support the claim that CPR serves as amore sensitive marker
for placental insufficiency.

Multiple second trimester ultrasound findings have been
demonstrated to be associated with TTTS.33–35 Our study is
the first to demonstrate an association between intertwin
CPR difference and the development of TTTS. On average,
intertwin CPR discordance was identified 2 weeks and 1 day
prior to the development of TTTS, and 62.5% (10/16) of
pregnancies complicated by TTTS did not demonstrate an
abnormal CPR value by the traditional criteria of <1. This
temporal association of impending TTTSmay prompt height-

ened surveillance. Although there was a significant associa-
tion of CPR-D at <26 weeks with development of TTTS, our
cohort did not demonstrate significant predictive ability of
themeasurement. The assessment in predictive value of CPR-
D at <26 weeks may have been limited by the lower number
of pregnancies complicated by TTTS and further studies are
required to assess its clinical utility.

Limitations and Strengths

The primary limitation of this study is its retrospective
design. Approximately one-third of the patients identified
as MCDA twins for possible inclusionwere one-time second-
opinion evaluations without continued serial surveillance at
our center or were evaluated prior to the inclusion of MCA
evaluation into our center’s surveillance protocol. As a result,
the number of MCDA twins and specifically those with
MCDA-specific complications that were included in the
study for analysis was decreased. Additionally, delivery out-
comes were unavailable for 14 patients due to delivery
outside the system, but they were included in the analysis
because both ultrasound and primary outcome data were
available for review. Furthermore, neonatal hemoglobin and
hematocrit data were not included in the analysis and
antenatal diagnosis of TAPS could not be confirmed. Missing
data are inherent to the retrospective nature of this study
and may have resulted in a bias. Patients included in the
study were identified through the search function of the
clinical ultrasound database which may have led to ascer-
tainment bias. There may also be a component of selection
bias for a high-risk population, given that the patients
selected for this study are from a perinatal referral center.

Overall, our study demonstrates that intertwinMCA-DPSV-

MoM is associated with TAPS, IUFD, and NICU admission, and
intertwin CPR-D is associatedwith TTTS andNICU admission.
We also demonstrate the strong predictive value of MCA-
DPSV-MoM at �26 weeks for TAPS with a cut-off value lower
than the current diagnostic criteria for TAPS. Current rec-
ommendations from the Society forMaternal-Fetal Medicine
on management of MCDA twin pregnancies do not include
routine surveillance of UA or MCA Doppler during biweekly
ultrasounds, but the findings from this study may suggest
potential utility.7 We recognize that the overall number of
complicated MCDA-twin pregnancies is lower within the
study and postnatal confirmation of TAPS was not per-
formed, which makes it difficult to make robust clinical
recommendations from our study. However, the associations
identified in this study brings attention to an alternative
method of assessing fetal status in MCDA twin gestations
through intertwin discrepancy of measurements rather than
isolated values.

Conclusion

Based on these study findings, an increase in intertwin MCA
and CPR discrepancy may be associated with adverse preg-
nancy and neonatal outcomes, including TAPS, TTTS, IUFD,
and NICU admission. This study highlights the utility of

Fig. 3 Receiver operating characteristic curves for prediction of (A)
TTTS and (B) NICU admission by intertwin CPR difference at< 26
weeks. CPR, cerebroplacental ratio; NICU, neonatal intensive care
unit; TTTS, twin-twin transfusion syndrome.
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assessing intertwin differences in Doppler indices in the
surveillance of MCDA twin pregnancies and their role in
potentially predicting the risk for development of perinatal
complications. Earlier ormore accurate identification of such
complications may allow for earlier clinical interventions,
including fetal therapy, evaluation for appropriate timing of
delivery, allowing time for antenatal transfer to higher level
of care, or ensuring delivery at a tertiary care center where
adequate postnatal interventions are available. This in turn
may improve neonatal outcomes. Prospective trials are re-
quired to evaluate the clinical utility of surveillance of
intertwin MCA and CPR differences to identify pregnancies
at risk for development of TTTS or TAPS, allowing for earlier
detection and successful intervention.

Note
This work was previously presented as a poster presenta-
tion at the 28th World Congress on Ultrasound in Obstet-
rics and Gynecology, October 20–24, 2018, Singapore.
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