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ORIGINAL RESEARCH
PEDIATRICS

Third Trimester Structural and Diffusion Brain Imaging after
Single Intrauterine Fetal Death in Monochorionic Twins:

MRI-Based Cohort Study
M. Segev, B. Djurabayev, E. Hadi, Y. Yinon, S. Rabinowicz, C. Hoffmann, and S. Shrot

ABSTRACT

BACKGROUND AND PURPOSE: Single intrauterine fetal death increases the risk of antenatal brain lesions in the surviving twin. We
evaluated the prevalence of structural brain lesions, biometry, and diffusivity on routine third trimester MR imaging performed fol-
lowing single intrauterine fetal death.

MATERIALS AND METHODS: In a retrospective MR imaging–based cohort study, we compared 29 monochorionic twins compli-
cated with single intrauterine fetal death (14 following laser ablation treatment for twin-to-twin transfusion syndrome, 8 following
selective fetal reduction, and 7 spontaneous) with 2 control cohorts (49 singleton fetuses and 28 uncomplicated twin fetuses). All
fetuses in the single intrauterine fetal death group underwent fetal brain MR imaging as a routine third trimester evaluation.
Structural brain lesions were analyzed. Cerebral biometry and diffusivity were measured and compared.

RESULTS: Brain lesions consistent with the evolution of prior ischemic injury were found in 1 of 29 fetuses, not detected by ultra-
sound. No acute brain infarction, hemorrhage, or cortical abnormalities were found. Supratentorial biometric measurements in the
single intrauterine fetal death group were significantly smaller than those in the singleton group, but not significantly different
from those in the uncomplicated twin group. There were no significant differences in ADC values of the cerebral hemispheres, ba-
sal ganglia, and pons between the single intrauterine fetal death group and either control group.

CONCLUSIONS: Although smaller brain biometry was found, normal diffusivity in surviving twins suggests normal parenchymal
microstructure. The rate of cerebral structural injury was relatively low in our cohort, arguing against the routine use of fetal brain
MR imaging in twin pregnancies complicated with single intrauterine fetal death. Larger prospective studies are necessary to guide
appropriate surveillance protocol and parental counseling in twin pregnancies complicated by single intrauterine fetal death.

ABBREVIATIONS: DC ¼ dichorionic; fbMRI ¼ fetal brain MRI; GA ¼ gestational age; ICC ¼ interclass correlation coefficient; MC ¼ monochorionic; sIUFD
¼ single intrauterine fetal death; TTTS ¼ twin-to-twin transfusion syndrome; US ¼ ultrasound

Monochorionic (MC) twin pregnancies are associated with
increased perinatal morbidity and mortality compared

with singleton or dichorionic (DC) pregnancies.1 This increased
risk is mainly related to placental architecture and vascular anas-
tomoses in the MC placenta, which can result in fetal growth
restriction or twin-to-twin transfusion syndrome. Single intrau-
terine fetal death (sIUFD) occurs in approximately 6% of twin

pregnancies.2,3 This risk is significantly higher, approximately 7-
to 10-fold, in MC compared with DC twin pregnancies.1 sIUFD
considerably increases the surviving cotwin’s risk of mortality
and morbidity.4 This might be related to hypoperfusion of the
surviving twin at the time of the cotwin’s death due to placental
vascular anastomoses. Up to 20% of surviving twins might expe-
rience adverse neurodevelopmental outcomes.2,3,5

Prenatal identification of brain abnormalities in the surviving
cotwin is critical for parental counseling. Expert neurosonography
has a high sensitivity in detecting brain abnormalities.6 However,
there is increasing evidence that fetal brain MR imaging (fbMRI)
provides a more accurate diagnosis of brain abnormalities, specifi-
cally in detecting hemorrhage or acute ischemia.7,8 Relatively few
studies have evaluated the utility of fbMRI for detecting brain
abnormalities in cotwin survivors following sIUFD.4 These studies
have described a range of patterns of cerebral abnormalities, mainly
ischemic or hemorrhagic, in 9%–33% of surviving cotwins.9-12

Received December 23, 2021; accepted after revision February 7, 2022.

From the Section of Neuroradiology (M.S., B.D., C.H., S.S.), Division of Diagnostic
Imaging, Diagnostic Ultrasound Unit of the Institute of Obstetrical and
Gynecological Imaging (E.H.), Department of Obstetrics and Gynecology, and Fetal
Medicine Unit (Y.Y.), Department of Obstetrics and Gynecology, Sheba Medical
Center, Ramat-Gan, Israel; Sackler School of Medicine (Y.Y., C.H., S.S.), Tel Aviv
University, Tel-Aviv, Israel; and Pediatric Neurology Unit (S.R.), The Edmond and
Lilly Safra Children's Hospital, Sheba Medical Center, Ramat Gan, Israel.

Please address correspondence to Shai Shrot, MD, Section of Neuroradiology,
Division of Diagnostic Imaging, Sheba Medical Center, Ramat-Gan, Israel, 2 Sheba
Rd, Ramat Gan, 52621 Israel; e-mail: shai.shrot@sheba.health.gov.il
http://dx.doi.org/10.3174/ajnr.A7475

AJNR Am J Neuroradiol �:� � 2022 www.ajnr.org 1

 Published March 24, 2022 as 10.3174/ajnr.A7475

 Copyright 2022 by American Society of Neuroradiology.

https://orcid.org/0000-0002-6684-1457
https://orcid.org/0000-0003-1204-1945
https://orcid.org/0000-0002-5678-6802
https://orcid.org/0000-0003-0702-370X
https://orcid.org/0000-0002-7111-035X
https://orcid.org/0000-0002-5339-9495
https://orcid.org/0000-0001-8954-3244
mailto:shai.shrot@sheba.health.gov.il
http://dx.doi.org/10.3174/ajnr.A7475


Relatively small cohorts, nonstandardized timing of fbMRI follow-
ing the sIUFD, and lack of correlation with neurodevelopmental
outcomes limit the incorporation of fbMRI into routine surveillance
following sIUFD.

DWI has been shown to increase the sensitivity of structural
fbMRI in diagnosing ischemic events following sIUFD, especially
in the acute phase.13 In addition, quantitative diffusivity changes
can reflect subtle structural parenchymal changes. Such changes
were reported in various fetal pathologies affecting normal brain
development and maturation, eg, congenital cardiac anomalies
and fetal hydrocephalus.14 The effect of sIUFD on the integrity of
a normal-appearing cotwin’s brain, as assessed by quantitative
diffusivity metrics, has not been described yet.

In Sheba Medical Center, as in other fetal medicine centers, we
routinely perform a third trimester fbMRI on all MC twin fetuses
following sIUFD to detect brain anomalies such as migration and
proliferation disorders.15 Our objectives in the current study were
to determine the utility of our practice by evaluating the prevalence
of brain abnormalities as detected on surveillance third trimester
fbMRI compared with a prenatal targeted ultrasound (US) and to
evaluate the use of quantitative diffusivity measurements in assess-
ing residual brain microstructural changes and brain maturation
in the surviving twin following sIUFD.

MATERIALS AND METHODS
The institutional review board approved this retrospective study.

Study Design and Population
Our fetal brain imaging data base was reviewed for MC twin preg-
nancies following sIUFD managed in our referral center between
February 2017 and June 2020. All patients in the study group
underwent follow-up, which included US evaluation every 2 weeks,
including targeted neurosonography. In 14 pregnancies, sIUFD
occurred following laser ablation treatment for twin-to-twin trans-
fusion syndrome (TTTS); in 8 patients, selective fetal reduction
was performed; and 7 sIUFDs were spontaneous. Control groups
were singleton pregnancies and uncomplicated twin pregnancies
(19 were bichorionic, and 7, MC, with unavailable chorionicity
data in 2 pregnancies), who had fbMRI in the same period for vari-
ous indications with normal brain imaging findings. Inclusion

criteria for the sIUFD group were the
following: 1) MC pregnancy, 2) docu-
mented sIUFD, 3) technically adequate
third trimester fbMRI (gestational age
[GA] ¼ 28–36weeks), and 4) fbMRI
performed as a routine screening test
at least 2 weeks following suspected
sIUFD dating. Exclusion criteria were
the following: unavailable clinical
data and fbMRI performed acutely
(,2weeks) following sIUFD because
of a suspected hypoxic-ischemic event
in the cotwin. Inclusion criteria for
control groups were singleton or
uncomplicated twins with normal
brain structure assessed by third tri-
mester fbMRI with no clinical or labo-

ratory evidence of chromosomal abnormalities or intrauterine
infection.

The indications for MR imaging in the singleton control group
were suspected CNS anomalies on prenatal screening US studies,
not confirmed by MR imaging (n=20), limb abnormalities (n=7),
abnormal outcome in previous pregnancies in siblings (n=8), sus-
pected abdominal vascular abnormalities (n=2), polyhydramnios
(n=2), poor quality of a US study (n=1), a maternal procedure dur-
ing pregnancy (n=3), recessive genetic abnormalities of the parents
(n=1), suspected spinal abnormality (n=3), familial history of CNS
abnormalities (n=1), and exclusion of cerebral hemorrhage in fetal
thrombocytopenia (n=1). In the twins control group, one of the
fetuses was chosen randomly for imaging analysis. The indications
for MR imaging were suspected CNS anomalies on prenatal screen-
ing US studies in one of the fetuses or anomalies not confirmed by
MR imaging (n=12), mild asymmetry (,3mm) or dilation of the
lateral ventricles (,12mm) seen on fetal US (n=8), limb abnormal-
ities (n=2), abnormal outcome in previous pregnancies in siblings
(n=2), twins discordance (n=1), and poor quality of a US study
(n=3). A summary of study groups is presented on Fig 1.

fbMRI
According to our protocol, all mothers had refrained from eating
or drinking fluids containing sugar for 4 hours before the MR
imaging examination. At our institution, a single administration
of low-dose diazepam before imaging is used routinely to
decrease fetal motion during the scan. Scans were obtained using
a 3T MR imaging system (Ingenia 3T, Philips Healthcare, or
Magnetom Prisma 3T, Siemens). Acquisition parameters for the
Philips scanner were the following: a single-shot fast spin-echo
T2-weighted sequence in 3 orthogonal planes, with a section
thickness of 3mm and no gap, using a flexible coil (16-channel
body coil). The FOV was determined by the size of the fetal head
and ranged from 230 to 290mm. Other parameters were the fol-
lowing: matrix size ¼ 224/224; TE ¼ 90ms; TR ¼ approximately
2500ms. A fast spoiled gradient-echo axial T1-weighted sequence
was performed only in the axial plane (FOV ¼ 320mm, section
thickness ¼ 3mm with no gap, TR ¼ 10ms, TE ¼ 4.6ms). A
DWI sequence in an axial plane was then performed (FOV ¼
350mm, b-value ¼ 0 and 700ms, section thickness ¼ 3mm with

FIG 1. Study flow chart.
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no gap). Acquisition parameters for the Siemens scanner were
the following: a HASTE T2-weighted sequence in 3 orthogonal
planes (section thickness ¼ 3mm with no gap, using a flexible
coil [16-channel body coil]). The FOV was determined by the
size of the fetal head and ranged from 250 to 300mm. Other pa-
rameters were the following: matrix size ¼ 192/192; TE ¼ 90ms;
TR ¼ approximately 2500ms. A single-shot axial T1-weighted
sequence was performed only in the axial plane (FOV¼ 300mm,
section thickness ¼ 3mm with no gap, TR ¼ 90ms, TE ¼
2.35ms). A DWI sequence in an axial plane was then performed
(FOV ¼ 256mm, b-value ¼ 0 and 1000ms, section thickness ¼
3mm with gaps of 0.3mm.)

Image Analysis
Biometric measurements were read with a consensus of 2 radiolog-
ists, blinded to the clinical data (S.S., C.H.). MR imaging measure-
ments included brain biparietal diameter (BPD), fronto-occipital
diameter (FOD), length of the corpus callosum (CC), transcerebel-
lar diameter (TCD), vermis height, vermis anteroposterior diame-
ter, and lateral ventricle width. Fetal brain MR imaging biometry
was converted to centiles using nomograms, previously published
by Tilea et al.16

ADC Measurements
The acquired DWIs were transferred in DICOM format to the
IntelliSpace portal, Version 10 (Philips Healthcare), and ADC
maps were generated using the MR diffusion tool. To avoid inter-
vendor variability in diffusivity metrics, we analyzed diffusivity
data only from studies acquired on the Philips scanner (94 of 106
fbMRIs in our study). Nine circular ROIs were manually placed on

the following areas of the fetal brain
(Fig 2): bilateral frontal WM, parietal
WM, temporal WM, basal ganglia, and
pons. ROIs ranged from 10 to 57 mm2

(mean, 37.1 [SD, 12.7] mm2). ADC val-
ues were measured in the same regions
of the bilateral cerebral hemisphere and
basal ganglia; then, mean ADC values
were calculated for each ROI. To vali-
date the consistency of measurements
and the reliability of results, 2 observers
independently evaluated the first 13
consecutive fetuses (neuroradiology fel-
low, B.D., and a senior radiology resi-
dent, M.S.). Interobserver variability
was assessed by the interclass correla-
tion coefficient (ICC). We considered
an ICC value of$0.8 as excellent agree-
ment. ADC measurements were not
available in fetuses with either degraded
DWIs (ie, marked motion artifacts or
field inhomogeneity) or fbMRI per-
formed on different magnets.

Clinical Data
Demographic and clinical data included
maternal age, GA at fbMRI, and fetal

presentation. Clinical data for the sIUFD pregnancies included the
following: sIUFD etiology (spontaneous, following laser treatment
for TTTS, and following fetal reduction), the presence of TTTS,
selective intrauterine growth restriction, twin anemia polycythemia
sequence, and presumed GA at sIUFD.

Statistical Analysis
Categoric variables were expressed as numbers and percentages.
Continuous variables were expressed as mean (SD). The distribu-
tion of continuous variables was assessed using a histogram and
quantile-quantile plot. Categoric variables were compared using
the x 2 test. Continuous variables were compared using Mann-
Whitney and Kruskal Wallis tests. Linear regression was used to
evaluate the effect of sIUFD on ADC values. A 2-tailed P, . 05
was considered statistically significant. Analyses were performed
with SPSS (Version 25.0, 2019; IBM).

RESULTS
Study Population
MR imaging was performed in the sIUFD group at a mean GA of
30.9 (SD, 1.2)weeks, which was not significantly different from
performance in the control groups. No significant differences were
found in the mean maternal age or fetal presentation (Table 1).

Clinical Characteristics of the sIUFD Group
The estimated GA at sIUFD was 19.9 (SD, 4.2)weeks. TTTS was
diagnosed on the prenatal US in 14 pregnancies (Quintero stage
1–2 pregnancies, stage 2–3 pregnancies, stage 3–7 pregnancies,
and one pregnancy was stage 4, TTTS stage was unavailable in
one pregnancy). In 6 pregnancies, selective intrauterine growth

FIG 2. ROI placement on ADC map of DWI. A, Frontal and parietal lobes. B, Basal ganglia. C,
Temporal lobes. D, Pons.

Table 1: Maternal and perinatal demographic and clinical features of sIUFD and control
groups

sIUFD Singleton
Twins
Control

Significance (Group 1
vs 2, Group 1 vs 3)

No. 29 49 28
GA (mean) (wk) 30.9 (SD, 1.2) 31.5 (SD, 1.9) 31.4 (SD, 1.2) P ¼ .17, P ¼ .21
Maternal age (mean) (yr) 31.7 (SD, 6.4) 32.3 (SD, 4.9) 33.8 (SD, 6.7) P ¼ .62, P ¼ .20
Fetal presentation
Head 22 38 20 P ¼ .53
Breech 7 9 8
Transverse 0 2 0
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restriction was found on the prenatal US, and in 2 pregnancies, a
twin anemia polycythemia sequence was suspected. Post-sIUFD
US did not show any major CNS abnormalities in the surviving
twin (ie, infarction or hemorrhage). A minor finding of choroid
plexus cyst was diagnosed in 1 fetus.

MR Imaging
fbMRI revealed a normal sulcation pattern in all surviving fetuses
following sIUFD. No acute brain infarction or parenchymal hem-
orrhage was noted in any of the surveillance third-trimester
fbMRIs performed in the sIUFD group. One fetus (�3.5% of the
sIUFD group) showed bilateral caudothalamic cystic changes
(Fig 3). No ventriculomegaly was observed, though 7 fetuses
showed asymmetry of the lateral ventricles (compared with 5 in
the singleton and 7 in the twins control groups). No cortical
abnormalities, corpus callosum, septum pellucidum, or posterior
fossa abnormalities were noted.

Various biometric parameters of the brain were measured in
the sIUFD and control groups (Table 2). Supratentorial biometric
parameters (FOD, BPD) of the sIUFD group were significantly
smaller than those in the singleton group with smaller lateral ven-
tricles. No significant differences were found in most biometric
parameters between the sIUFD group and the twins control
group or between the singleton and twins control groups.

ADC Analysis
DWI data were available in 22 of 29 in the sIUFD group (4 fetuses
had technically degraded DWI, and fbMRI of 3 fetuses was per-
formed on a different scanner); in 30 of 49 fetuses in the singleton
cohort (12 fetuses had technically degraded DWI images, and
fbMRI of 7 fetuses was performed on a different scanner); and in
15 of 28 in the twins control cohort (11 fetuses had technically
degraded DWI, and fbMRI of 2 fetuses was performed on a dif-
ferent scanner). ADC measurements showed good-to-excellent
interobserver agreement for most regions, with the ICC between
0.82 and 0.94. The ICC was considered good for the basal ganglia
(ICC¼ 0.71).

In all groups, ADC values in supratentorial WM were higher
than those in the basal ganglia and pons (Fig 4). No significant
differences were found in post-sIUFD ADC values of the cerebral
hemispheres (frontal, parietal, temporal lobes), basal ganglia, and
pons between the sIUFD group and control groups and both

singleton and twins control groups (P ¼ .75, .87, .38, .41, and .81,
respectively). After adjustment for GA, no significant differences
were found between sIUFD and the singleton control groups or
between the singleton and twins control groups for all evaluated
brain regions. ADC measurements were similar in various sIUFD
etiologies (spontaneous, following laser treatment of TTTS, or
following fetal reduction, P ¼ .28–.9 in different brain regions).
The presence of TTTS on pre-sIUFD imaging did not result in
significant ADC changes (P¼ .36–.84 in different brain regions).

DISCUSSION
In our retrospective cohort study, routine third trimester MR
imaging showed structural brain lesions in approximately 3.5% of
sIUFD pregnancies. These results are in agreement with
Stirnemann et al,17 who also reported brain lesions in 5/239
(2.1%) surviving twins following TTTS treatment complicated by
sIUFD. However, the incidence of brain lesions was relatively low
compared with that in other studies. In a recent meta-analysis,
Mackie et al4 described approximately 20% of abnormal brain
findings on fbMRI of the surviving cotwin following sIUFD.
There is a high variability of reported abnormal brain imaging
findings in different cohorts, ranging from 9% to 33%.10,12,18,19

Such high variability might be attributed to the relatively small
sIUFD cohorts, the indication for fetal brain examination, the
timing of fbMRI following the sIUFD, and whether the sIUFD
was spontaneous or following laser ablation or cord coagulation.
Inconsistency in the definition of abnormal imaging findings
such as mild ventriculomegaly or nonconclusive MR imaging
findings such as suspected subependymal blood products are
another reason for the incidence variability.20 Early fbMRI, per-
formed acutely (,2weeks) following sIUFD or when postproce-
dural complications are noted, might also increase the sensitivity
for diagnosing acute ischemia or hemorrhage, especially when
DWI is performed.19 Early ischemic or hemorrhagic findings
may spontaneously resolve and may not be detected later in preg-
nancy and at the time of third trimester follow-up.11,21

Moreover, the risk of CNS injury in the surviving twin is obvi-
ously higher following spontaneous sIUFD versus sIUFD follow-
ing laser therapy in which the twins have been dichorionized
before the fetal death. On the other hand, the high proportion of
sIUFD following laser therapy or cord coagulation in our cohort
may explain the low rate of CNS injuries in the surviving twin
found in our study. Termination of pregnancy performed in cases
of major brain injury detected by post-sIUFD US or on fbMRI
performed early might also contribute to the relatively low inci-
dence of structural brain abnormalities detected on later third tri-
mester fbMRI.

In our series, brain lesions found on MR imaging, ie, bilateral
caudothalamic cystic changes, that were not detected on the pre-
natal US probably represent an evolution of earlier ischemic
insult. Cerebral lesions in sIUFD pregnancies are usually ische-
mic or hemorrhagic. Ischemic injury includes focal encephaloma-
lacic lesions or diffuse brain atrophy. Reparative cortical
abnormalities such as polymicrogyria are a relatively common se-
quela of such focal ischemic insults. Intraventricular hemorrhage
and resulting ventriculomegaly or periventricular venous infarc-
tion can also be found following sIUFD. Several possible

FIG 3. Coronal (A) and axial (B) T2-weighted images of a 30-week sur-
viving twin following spontaneous sIUFD at a GA of 18 weeks, showing
caudothalamic cystic changes (arrows).
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mechanisms might lead to brain injury in survivors after
sIUFD.22 Hypoxic-ischemic injury might result from the low-
pressure vascular compartment of the fetus who died, leading to
the survivor twin’s hemodynamic fluctuations and low brain per-
fusion. Another theory relates to potential thrombi formed in the
vascular compartment of the fetus who died and embolizing to
the surviving twin through persisting placental anastomoses,
resulting in ischemic injury.23

Analyzing the biometric parameters of surviving fetuses follow-
ing sIUFD revealed that most supratentorial and infratentorial brain
structures were significantly smaller than in control singleton
fetuses, probably related to the underlying twin pregnancy,24 though
there is the possibility of an underlying pathology that affects broad
regions of the developing brain in surviving twins following sIUFD.
Similar diffusivity values, ie, measured ADC values, found in our

study in sIUFD and control groups do
not support such a hypothesis. DWI
enables quantitative free-water assess-
ment in the brain parenchyma, which
reflects tissue maturation. Diffusivity
changes were found in various fetal
pathologies affecting normal brain de-
velopment andmaturation, such as con-
genital cardiac anomalies or fetal
hydrocephalus, even with normal mor-
phologic T2-weighted fbMRI find-
ings.14,25 Transient hemodynamic
fluctuations following sIUFD and
resulting decreased brain perfusion
might affect brain maturation.
However, our results of similar diffusiv-
ity in the surviving twins on routine
third trimester fbMRI support near-
normal brain maturation, especially in
the setting of normal morphologic-ana-
tomic imaging findings.

Neurodevelopmental impairment
in the surviving twin following sIUFD

is of great concern and affects parental counseling. Hillman et al8

described long-term neurodevelopmental impairment in up to
26% of twins following a single fetal death. Nevertheless, formal de-
velopmental tests were not routinely performed in most cohorts,
and the age at follow-up was relatively young to detect neurodeve-
lopmental abnormalities. The association between focal or diffuse
brain injury found on pre- or postnatal imaging and adverse neu-
rodevelopmental outcomes is also controversial. Hillman et al did
not find a significant correlation between abnormal brain imaging
findings and neurodevelopmental impairment, possibly related to
lack of imaging, underreporting, inconsistent imaging reports, and
lack of consistency in imaging timing related to delivery and devel-
opment of neurologic signs.8 Such correlation was also not found
in a recently published meta-analysis by Mackie et al.4

Prematurity, which is very common in twin pregnancies, especially

Table 2: Fetal MR imaging biometric parameters of sIUFD fetuses (n = 29), singleton (n = 49), and twins control (n = 28) groupsa

sIUFD (n = 29)
Mean 6 SD

Singleton
(n = 49)

Mean 6 SD

Twins Control
(n = 28)

Mean 6 SD

Significance (P Value)
sIUFD vs
Singleton

sIUFD vs Twins
Control

Twins vs Singleton
Controls

FOD (mm) 88.4 6 4.4 91.5 6 6.5 90.5 6 4.9 .01b .09 .43
FOD (%) 50.7 6 18.6 64.2 6 22.0 59.9 6 25.9 .01b .13 .46
BPD (mm) 68.0 6 3.9 71.7 6 6.2 70.4 6 3.8 .00b .02b .25
BPD (%) 36.9 6 17.6 56.9 6 22.5 46.9 6 24.4 .00b .08 .08
CC (mm) 36.8 6 2.9 37.9 6 2.4 37.4 6 2.0 .08 .31 .39
CC (%) 38.9 6 22.9 48.2 6 17.5 43.2 6 22.3 .07 .48 .32
TCD (mm) 37.8 6 2.1 39.1 6 3.7 38.4 6 2.4 .05b .37 .29
TCD (%) 44.1 6 21.0 51.7 6 23.3 43.2 6 23.5 .14 .88 .13
Vermian height (mm) 18.4 6 1.2 18.4 6 1.6 18.3 6 1.1 .94 .84 .89
Vermian height (%) 61.6 6 18.6 56.5 6 20.1 57.0 6 18.3 .27 .35 .92
Vermian_AP (mm) 11.8 6 1.0 12.0 6 1.2 11.6 6 1.0 .59 .32 .12
Vermian_AP (%) 48.6 6 19.5 46.5 6 18.5 46.1 6 16.8 .66 .60 .92
Average lateral ventricles 6.4 6 1.3 7.3 6 1.2 7.8 6 1.6 .01b .00b .17

Note:—FOD indicates fronto-occipital diameter; BPD, biparietal diameter, CC, corpus callosum; TCD, transcerebellar diameter; AP, anterior-posterior.
a Variables are presented as mean (SD). MR imaging centiles in fetal CNS biometry are based on Tilea et al.16
b Statistically significant values.

FIG 4. Boxplot of ADC values in sIUFD and control groups. No significant differences were found
among various areas in different study groups.
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following sIUFD,8,26 probably contributes significantly to long-
term neurologic morbidity,4,8,27 which can explain the high rate of
neurodevelopmental impairment, much more than reported
abnormal prenatal imaging findings. The low incidence of brain
abnormalities on prenatal diagnosis is not likely to reflect the low
sensitivity of prenatal imaging but is probably related to the study
cohort of third trimester survivors following cotwin death with
normal brain maturation and development, as suggested by nor-
mal diffusivity. Many of previously reported brain abnormal find-
ings were also strongly associated with preterm birth, obviously
apparent only on postnatal imaging.

US is the main imaging technique used on routine follow-up of
twin pregnancies. It enables evaluation of fetal growth and the di-
agnosis of hemodynamics and MC twin complications. However,
it has limited sensitivity in diagnosing ischemia, hemorrhage, or
cortical malformations.7,11,28 Currently, fbMRI is gaining wide-
spread acceptance as an important adjunct to US, especially in
high-risk twin pregnancies. There is currently little evidence to
guide the optimal timing of fbMRI (relative to the occurrence of
the twin complication, including sIUFD) to improve the detection
of brain insult and prognostication. In our cohort, fbMRI per-
formed routinely in the mid-late third trimester for all surviving
twins had a relatively low incidence of cerebral injury (�3.5%),
which argues against routine use of fbMRI in an MC twin preg-
nancy complicated with sIUFD. fbMRI, performed earlier, espe-
cially following US evidence of fetal compromise (ie, intrauterine
growth restriction, flow abnormalities, or abnormal brain find-
ings), will probably have increased diagnostic ability and, similar to
previous studies, will show a higher incidence of cerebral
injury.13,29 A follow-up third trimester fbMRI is highly recom-
mended to evaluate the sequelae of acute injury and reparative
malformations in these cases of early brain injury.

The retrospective nature and the relatively small population are
major limitations of our study. Study recruitment was noncon-
trolled, so our data describe the observed rates of brain abnormal-
ities in third trimester routine fbMRI rather than reflecting the true
prevalence of brain abnormalities. Selection bias, either related to
referral to our tertiary center or for exclusion of acute complications
in the sIUFD group that might result in termination/reduction due
to concern for injury to the surviving fetus is an important limita-
tion of our study. Our control cohorts of singleton and noncompli-
cated twins were also relatively heterogeneous and underwent
fbMRI due to various indications, though in all cases, fbMRI find-
ings were normal. Our study is also limited by the lack of correlation
of fetal MR findings with neurodevelopmental outcomes. However,
the high prematurity rate in this subgroup of twin pregnancies is an
important confounding factor in assessing long-term outcomes.
Future studies should include prospective fetal monitoring proto-
cols, including US and fbMRI, following twin pregnancies compli-
cated by sIUFD. Evidence-based parental counseling requires a
correlation between specific brain abnormalities demonstrated on
fbMRI and postnatal imaging and neurodevelopmental outcomes.
Currently, such correlation is lacking in large-scale cohorts.

CONCLUSIONS
In surviving twins following sIUFD, routine third trimester fbMRI
showed persistent small biometry, though normal diffusivity

suggests normal parenchymal maturation and microstructure. The
rate of cerebral structural injury, not detected by US, was relatively
low in our relatively small cohort (1/29, �3.5%), which argues
against routine use of fbMRI in an MC twin pregnancy compli-
cated by sIUFD. fbMRI should be performed following sono-
graphic evidence of a fetal compromise or brain injury. Larger
prospective studies with expert fetal neurosonography and standar-
dized timing of pre- and postnatal MR imaging, including formal
neurodevelopmental assessment, are necessary to evaluate the
appropriate surveillance protocol better and guide parental coun-
seling in twin pregnancies complicated with sIUFD.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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