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ntracranial magnetic resonance imaging findings
n the surviving fetus after spontaneous

onochorionic cotwin demise
ngie C. Jelin, MD; Mary E. Norton, MD; Agnes I. Bartha, MD; Andrea L. Fick, MD; Orit A. Glenn, MD
BJECTIVE: This study was undertaken to evaluate intracranial mag-
etic resonance imaging abnormalities in the surviving fetus after a
otwin demise.

TUDY DESIGN: This is a retrospective observational study evaluating
he intracranial findings of surviving twins after demise of a monocho-
ionic cotwin. A total of 47 cases of cotwin demise were identified from
n magnetic resonance imaging database consisting of all fetal magen-
ic resonance imagings performed at the University of California San
rancisco. Twenty-one of these cases were monochorionic twins who
ad not undergone an intervention (fetal radiofrequency ablation and
lacental laser ablation) and these comprised the study group. The
agnetic resonance imagings were reviewed by a pediatric neuroradi-
weeks after the insult.
oi: 10.1016/j.ajog.2008.06.062

98.e1 American Journal of Obstetrics & Gynecology OCTOBER 2008
ESULTS: The mean gestational age at the time of cotwin demise was
96/7 weeks (range 124/7 weeks-265/7 weeks) with an average interval
f 43/7 weeks between the time of cotwin demise and fetal magnetic
esonance imaging (range 0-121/7 weeks). Nine cases (41%) were as-
ociated with diagnosed twin-twin transfusion syndrome. Abnormal
ndings, including polymicrogyria, germinolytic cysts, intracranial
emorrhage, ventriculomegaly, and delayed sulcation were identified
y fetal magnetic resonance imaging in 7 (33%) cases, the majority of
hich had a normal ultrasound.

ONCLUSION: Prenatal magnetic resonance imaging is a valuable tool
n evaluating the fetal brain after a cotwin demise.

ey words: cotwin demise, intracranial, magnetic resonance

logist who was blinded to the ultrasound and clinical findings. imaging, monochorionic twins

ite this article as: Jelin AC, Norton ME, Bartha AI, et al. Intracranial magnetic resonance imaging findings in the surviving fetus after spontaneous monochorionic
otwin demise. Am J Obstet Gynecol 2008;199:398.e1-398.e5.

emise of a cotwin in a monochori-
onic pregnancy places the surviv-

ng twin at significant risk for neurologic
equelae.1,2 Subsequent death of the sur-
iving twin occurs in 12% of cases3 and
eurologic abnormalities on ultrasound
re found at birth in up to 46% of cases.4

ome hypothesize that intracranial hy-

poperfusion of the surviving twin at the
time of cotwin demise results in ischemic
insult. The association of surviving
cotwin brain damage with twin reversed
arterial perfusion (TRAP) and twin-twin
transfusion syndrome (TTTS) supports
this hypothesis.5,6

Intracranial abnormalities after cotwin
demise have most commonly been de-
tected sonographically.6,7 Few case re-
ports of fetal magnetic resonance imag-
ing (MRI) findings after cotwin demise
are present in the literature.8,9 Fetal MRI
is being used increasingly to identify
brain abnormalities10 and is more sensi-
tive than ultrasound in detecting isch-
emic injury,11,12 which is the most
common insult occurring with a mono-
chorionic cotwin demise. Adequate pre-
natal diagnosis by imaging is especially
important in the setting of invasive fetal
procedures such as radiofrequency abla-
tion (RFA), laser ablation, and amniore-
duction (AR). The ideal timing of imag-
ing is still under investigation as lesions
may appear as early as 1 day to as late as 2

MRI may lend itself to earlier detection
of developing lesions.6 The purpose of
this study is to evaluate intracranial ab-
normalities in the surviving fetus after a
cotwin demise using fetal MRI.

MATERIALS AND METHODS
A total of 47 cases of cotwin demise in
monochorionic twin pregnancies were
identified from a database consisting of
all fetal MRI examinations performed at
the University of California San Fran-
cisco (UCSF) between 1997-2007.
Twenty-five of these cases were associ-
ated with an intervention (fetal RFA or
placental ablation) and were excluded
from the study. An additional case was
excluded because of the lack of a com-
parison ultrasound after cotwin demise.
The remaining 21 cases comprise our
study group. One case has been reported
previously.8

A 1.5-T MR magnet was used to ob-
tain ultrafast T2-weighted images (sin-
gle-shot fast spin echo, SSFSE) of the
fetal brain. Images were obtained in the

rom the Departments of Obstetrics,
ynecology and Reproductive Sciences (Drs

elin and Norton) and Radiology (Drs
artha and Glenn), University of California,
an Francisco, School of Medicine, San
rancisco, CA; Kaiser Permanente, Northern
alifornia (Dr Norton); and the Department
f Obstetrics and Gynecology (Dr Fick),
niversity of Iowa College of Medicine,

owa City, IA.

resented at the 28th annual meeting of the
ociety for Maternal-Fetal Medicine, Dallas, TX,
an. 28-Feb. 2, 2008.

eceived Feb. 29, 2008; revised April 29,
008; accepted June 21, 2008

eprints are not available from the authors.

002-9378/$34.00
2008 Mosby, Inc. All rights reserved.
R
1
o
r
s
fi
h
b
w

C
i

K

The sensitivity of a
xial, coronal, and sagittal planes using



t
w
c
i
i

n
t

r

f
w
t
t

r spo l 20

www.AJOG.org SMFM Papers
hin slices (slice thickness of 3-4 mm
ith no spacing between slices). In 10

ases, T1-weighted gradient echo axial
mages were obtained to evaluate for

TABLE
MRI vs ultrasound results by GA at

MRI Result

1 Normal brain
...................................................................................................................

2 Normal brain
...................................................................................................................

3 Normal brain
...................................................................................................................

4 Unilateral infarct with developing PM
...................................................................................................................

5 Normal brain
...................................................................................................................

6 Normal brain
...................................................................................................................

7 Shallow sylvian fissures; focal injury
left parietal lobe with dilation of adja
ventricle

...................................................................................................................

8 Normal brain

...................................................................................................................

9 Normal brain
...................................................................................................................

10 Normal brain
...................................................................................................................

11 Bilateral germinolytic cysts

...................................................................................................................

12 Bilateral mild VM; delayed sulcation

...................................................................................................................

13 Normal brain
...................................................................................................................

14 Sylvian fissures slightly shallow for a
vs lower limits of normal

...................................................................................................................

15 Normal brain
...................................................................................................................

16 Severe destruction of supratentorial
with cystic change and hemorrhage/
calcification

...................................................................................................................

17 Normal brain
...................................................................................................................

18 Normal brain
...................................................................................................................

19 Normal brain
...................................................................................................................

20 Hemorrhage in bilateral choroid plex
and GM with mild right VM and
borderline left VM; hemorrhage in
posterior fossa consistent with subd
hematoma vs thrombosed transverse
sinus; subarachnoid hemorrhage
adjacent to cerebellum; prominent
primary vermian fissure

...................................................................................................................

21 Normal brain
...................................................................................................................

Anenceph, anencephalic; GM, germinal matrix; GA, gestational
syndrome; US, ultrasound; VM, ventriculomegaly.
a Gestational age of demise estimated by earliest ultrasound

Jelin. Intracranial MRI findings in the surviving fetus afte
ntracranial hemorrhage (slice thick- a
ess 5 mm with 0-1 mm spacing be-
ween slices).

Fetal MR images were retrospectively
eviewed in a blinded manner by a pedi-

e of cotwin death
US result Additional diagnosi

Normal brain None
.........................................................................................................................

Normal brain None
.........................................................................................................................

Normal brain TTTS
.........................................................................................................................

Normal brain Probable TTTS
.........................................................................................................................

Normal brain None
.........................................................................................................................

Normal brain Probable TTTS
.........................................................................................................................

t
Normal brain TTTS

.........................................................................................................................

Normal brain Acardiac, anenceph
TRAP

.........................................................................................................................

Normal brain None
.........................................................................................................................

Normal brain Probable TTTS
.........................................................................................................................

Normal brain Acardiac, anenceph
TRAP

.........................................................................................................................

Mild
ventriculomegaly

None

.........................................................................................................................

Normal brain TTTS
.........................................................................................................................

Normal brain Probable TTTS

.........................................................................................................................

Normal brain TTTS
.........................................................................................................................

n “Twin
embolization”
syndrome
with
developing
hydranencephaly

TTTS

.........................................................................................................................

Normal brain TTTS
.........................................................................................................................

Normal brain None
.........................................................................................................................

Normal brain TTTS
.........................................................................................................................

Intraventricular
hemorrhage,
periventricular
ischemia

TTTS

.........................................................................................................................

Normal brain TTTS
.........................................................................................................................

MRI, magnetic resonance imaging; PMG, polymicrogyria; TRAP,

demise and clinical data.

ntaneous monochorionic cotwin demise. Am J Obstet Gyneco
tric neuroradiologist with expertise in s

OCTOBER 2008 Americ
etal MRI. MR findings were compared
ith intracranial fetal ultrasounds. Ul-

rasound was carried out in the standard
echnique as has been described by other

*GA demise GA MRI GA US

12 4/7 24 4/7 24 4/7
..................................................................................................................

14 19 3/7 18 2/7
..................................................................................................................

15 5/7 19 3/7 18 4/7
..................................................................................................................

15 5/7 23 3/7 22
..................................................................................................................

16 28 1/7 25
..................................................................................................................

17 23 21 4/7
..................................................................................................................

17 5/7 20 1/7 20

..................................................................................................................

18 22 18 1/7

..................................................................................................................

18 6/7 21 6/7 18 6/7
..................................................................................................................

19 2/7 21 3/7 21 1/7
..................................................................................................................

19 6/7 20 19 6/7

..................................................................................................................

20 27 3/7 29 4/7

..................................................................................................................

20 2/7 22 5/7 21 2/7
..................................................................................................................

21 23 2/7 21

..................................................................................................................

21 3/7 26 4/7 25 1/7
..................................................................................................................

21 6/7 25 1/7 25 1/7

..................................................................................................................

22 6/7 28 3/7 28 3/7
..................................................................................................................

25 1/7 28 2/7 25 3/7
..................................................................................................................

26 2/7 28 3/7 26 2/7
..................................................................................................................

26 2/7 27 4/7 27 2/7

..................................................................................................................

26 5/7 30 5/7 29 3/7
..................................................................................................................

reversed arterial perfusion; TTTS, twin-to-twin transfusion
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398.e3 American Journal of Obstetrics & Gynecolo
erna, ventricles, septum cavum pelluci-
um, thalami, and calvarium were ex-
mined. This study was approved by our
nstitutional review board.

ESULTS
he mean gestational age at the time of
otwin demise was 196/7 weeks (range
24/7 weeks-265/7 weeks) with an average
nterval of 43/7 weeks between the time of
otwin demise and fetal MRI (range
-121/7 weeks). Intracranial abnormali-
ies were visualized by antenatal MRI af-
er cotwin demise in 7 of the 21 cases, the

ajority of which had a normal ultra-
ound (Table). These abnormalities in-
luded a unilateral infarct with develop-
ng polymicrogyria (Figure 1), small
ocal injury in the left parietal lobe asso-
iated with shallow sylvian fissures and
ilation of the adjacent ventricle, bilat-
ral germinolytic cysts in the region of
he ganglionic eminence (Figure 2), and
hallow sylvian fissures. Of the 7 cases, 3
lso had an abnormal ultrasound, al-
hough MRI detected additional abnor-

alities. There were no cases in which
he ultrasound detected abnormalities
hat were not seen by MRI. The gesta-
ional age at the time of cotwin demise
anged from 155/7 weeks to 262/7 weeks
mean age of 20 weeks) in the 7 cases
ith an abnormal fetal MRI.
Only 9 of the 21 cases in our series car-

ied the diagnosis of TTTS, another 4
arried a probable diagnosis of TTTS by
ltrasonographic findings after cotwin
emise, 2 had TRAP, and the remaining
had no diagnosis other than the pres-

nce of cotwin demise. The majority,
1%, of intracranial MRI abnormalities
ccurred in association with confirmed
r probable TTTS, 14% in conjunction
ith TRAP, and 14% in cases without

dditional diagnosis.

OMMENT
he ability to predict neurologic se-
uelae of a surviving twin prenatally by
onographic findings was first reported
n 1989.13 Since then, several studies
ave demonstrated a correlation be-
ween sonographic findings and neona-
al outcomes, including deficits at up to 6

ears of age.7 Ischemic lesions have vari- s

gy OCTOBER 2008
ble presentation on ultrasound, but
ven subtle abnormalities, such as
olymicrogyria, have been reported.14

ecently, fetal MRI has proven to be a
seful modality in the visualization of
ubtle intracranial abnormalities, in-
luding those that result from ischemic
njury. MRI is less operator dependent
nd is possibly more accurate than
eurosonography.15,16

The information gathered in our study
urther confirms the ability of MRI to de-
ect subtle brain abnormalities. In 57%
f cases in which abnormalities were vi-

FIGURE 2
Bilateral germinolytic cysts in
the region of the ganglionic
eminence

, Axial single-shot fast spin echo (SSFSE)
2-weighted image in a 200/7-week gestational
ge (GA) fetus with bilateral germinolytic cysts
arrows) in the region of the anterior ganglionic
minence consistent with prior germinal matrix
njury. B, Findings are confirmed on a coronal
SFSE T2-weighted image (arrows).

elin. Intracranial MRI findings in the surviving fetus after
pontaneous monochorionic cotwin demise. Am J Obstet
ynecol 2008.
FIGURE 1
Fetal magnetic resonance
imaging of unilateral infarct
with developing polymicrogyria

, Coronal single-shot fast spin echo (SSFSE)
2-weighted image of a 233/7-week gestational
ge (GA) fetus with a large area of encephalo-
alacia (arrow) involving the left parietal, tem-

oral, and frontal lobes. B, Coronal SSFSE
2-weighted image slightly anterior to the pre-
ious image demonstrates abnormal infoldings
f the developing frontal lobe cortex (black ar-
ows) consistent with developing polymicro-
yria. The dead cotwin is also seen (white ar-
ow).
elin. Intracranial MRI findings in the surviving fetus after
pontaneous monochorionic cotwin demise. Am J Obstet
ynecol 2008.
ualized on MRI, a normal brain was vi-
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ualized on ultrasound. In addition, in 2
f the 3 cases in which abnormalities
ere reported on ultrasound, additional

bnormalities were visualized on MRI.
he identification of these types of ab-
ormalities may aid in the surviving twin
rognosis. An example is the case of
olymicrogyria detected on MRI after
he brain appeared normal by neuro-
onography. Polymicrogyria signifies an
vent of impaired fetal perfusion17 and is
ften associated with hypoxic-ischemic

esions,18,19 which are prognostic of clin-
cally significant cerebral impairment.20

s expected, this child has a congenital
ight hemiparesis, developmental delay,
nd seizures.

Abnormal sonographic findings may
e detected as early as 1 day after cotwin
emise.6,7 Several reports suggest that
volving ischemic lesions require up to 2
eeks before visualization.11 Generally,
ur recommendation is to perform MRI
t least 2 weeks after cotwin demise to
ptimize detection of injury. In nearly all
ases with abnormal MRI findings, the

RI was carried at least 2 weeks after the
ate of cotwin demise. One case of bilat-
ral germinolytic cysts in our series dem-
nstrated MRI abnormalities as early as 1
ay after the speculated date of demise,
uggesting that a 2-week delay period

ay not be essential in the detection of
ll lesions. It is also possible, however,
hat these lesions were present berfore
he demise, although an ultrasound per-
ormed 1 day prior did not detect any
rain abnormalities. Moreover, in our
xperience, fetal demise as early as 155/7

eeks was associated with brain abnor-
alities on a fetal MRI.
Although there are substantial data

oncerning ultrasound findings after
TTS21,22 and some data after TRAP,23 a
aucity of information exists surround-

ng imaging after the death of a cotwin in
he absence of these diagnoses. Some of
hese cases may have involved undiag-
osed chronic TTTS or acute TTTS with
otwin demise. MRI may be a useful tool
n the future determination of optimal
reatment for TTTS.

This study has several limitations. The
umber of cases is relatively small, and
either the interval between cotwin de-

ise and MRI nor the interval between h
ltrasound and MRI was consistent. Al-
hough it is conceivable that some le-
ions visualized on MRI were not present
t the time when the ultrasound was per-
ormed, fetal MRI did detect abnormal-
ties when it was performed within 1 day
f the ultrasound. Another limitation is
hat almost 60% of the cases were re-
erred for fetal MRI from an outside hos-
ital. Although we routinely offer fetal
RI for all patients evaluated at our in-

titution for monochorionic cotwin de-
ise, it is not possible to know what per-

entage of cases of cotwin demise
iagnosed at the outside hospitals were
ltimately referred for a fetal MRI. As a
esult, it is impossible to know the actual
requency of new findings on fetal MRI
fter fetal neurosonography. In those
ases identified at UCSF where both tar-
eted fetal sonography and fetal MRI
ere performed, 56% of the identified

ntracranial findings were not visualized
n ultrasound. We concur with others
ho advise a fetal MRI in the setting of a
onochorionic pregnancy with cotwin

emise.7,11,14

Our study is also limited by the lack
f correlation of fetal MR findings
ith neurodevelopmental outcome.
lthough the child with polymicro-
yria on fetal MRI has congenital
emiplegia and epilepsy, at present, we
o not precisely know the relationship
etween the fetal MRI findings and
eurodevelopmental outcome. In par-

icular, the significance of more subtle
bnormalities, such as delayed sulca-
ion, on neurodevelopmental outcome
s not known. Thus, future studies cor-
elating fetal MRI findings with out-
ome are needed. To provide accurate
ssessment, it is important that such
tudies use standardized developmen-
al tests by trained personnel and in-
lude longer-term follow-up because
ome neurodevelopmental abnormali-
ies may not become apparent until
chool age; these studies are currently
nderway.
In conclusion, fetal MRI can detect

schemic, developmental, and/or hem-
rrhagic abnormalities in the developing
rain of survivors of monochorionic co-
win demise. Although sonography is

elpful in detecting intracranial findings T

OCTOBER 2008 Americ
n this setting, fetal MRI can provide ad-
itional information that may aid in
rognosis. Future studies that use same-
ay ultrasound and MRI, as well as as-
essment of long-term neurodevelop-

ental outcome, are necessary to make
onclusive statements about the true use
f intracranial fetal MRI. f
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