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Diffusion MRI Findings in Monochorionic Twin Pregnancies
after Intrauterine Fetal Death
C. Hoffmann, B. Weisz, Y. Yinon, L. Hogen, L. Gindes, A. Shrim, E. Sivan, E. Schiff, and S. Lipitz

ABSTRACT

BACKGROUND AND PURPOSE: Monochorionic twin pregnancies complicated by the IUFD of 1 twin are associated with substantial
morbidity to the survivor twin. The aim of this study was to determine whether fetal sonography, T2 MR imaging, and DWI can diagnose
acute cerebral lesions in the survivor of an MC twin pregnancy shortly after fetal death of the co-twin.

MATERIALS AND METHODS: During the study period (2007-2010) 34 cases of single IUFD were evaluated. Group A included 6 cases
complicated by spontaneous IUFD. Group B had 10 cases of fetal death shortly after treatment of severe TTTS. These were compared with
group C, with 18 pregnancies treated by selective termination due to severe complications in MC pregnancies.

RESULTS: Altogether 9/34 patients had abnormal prenatal cerebral findings. In group A, in 2/6 of pregnancies with spontaneous death, MR
imaging showed findings of severe cerebral infarct, while cerebral damage was not evident by sonography. In another case, the surviving
fetus was found to be hydropic on sonography, while MR imaging findings were normal. In group B, in 1/10 cases, cerebral infarct was
demonstrated only by DWI. In 2 other cases, sonographic findings were normal, but MR imaging showed germinal matrix bleeding. In group
C,in1/18 cases, only DWI showed bilateral cerebral ischemia. In 2 other cases, MR imaging findings suggested germinal matrix bleeding and
focal changes in the basal ganglia. In both cases, fetal sonographic findings were normal.

CONCLUSIONS: In our study, early manifestations of cerebral ischemia in monochorionic twin pregnancies were better diagnosed with
MR imaging, especially with DWI.

ABBREVIATIONS: IUFD = intrauterine fetal death; MC = monochorionic; RFA = radio-frequency ablation; TTTS = twin-to-twin transfusion syndrome; US =

sonography

onochorionic twin pregnancies have a much higher risk of
Madverse outcome than their dichorionic counterparts be-
cause of vascular anastomoses that connect the 2 circulations.
This shared circulation may lead to some unique complications,
such as TTTS, twin anemia-polycythemia sequence, selective in-
trauterine growth restriction, and death or neurologic damage of
the surviving twin if the co-twin dies during pregnancy. After a
single fetal death, monochorionic twins are about 5 times more
likely to have neurodevelopmental morbidity compared with di-
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chorionic twins.! The likely mechanism of brain damage is
thought to involve acute hemodynamic imbalance due to exsan-
guination of the survivor into the dead fetus just before or at the
time of fetal death.>* Some hypothesize that this results in intra-
cranial hypoperfusion of the surviving twin, leading to cerebral
ischemic insults.*”

In some cases of single-twin death, intracranial abnormalities
can be detected sonographically.® However, the exact timing of
the developing intracranial pathology in relation to the death of a
co-twin has not been established. The role of MR imaging in di-
agnosing fetal cerebral abnormalities after the death of a co-twin
is still unknown. A recent study has shown that a third of the
surviving twins had abnormal findings on in-utero cerebral MR
imaging, mostly undiagnosed by prenatal sonography.” However,
both prenatal sonography and conventional T2 MR imaging
might fail to detect brain lesions in the first 2 weeks after the death
of the co-twin. In the event of a cerebral ischemic lesion, diffusion
of water molecules within the tissue is hindered by the swelling of
cells and restriction of extracellular space, which are associated
with the development of cytotoxic edema. A methodologic study®



and clinical case reports”'> have confirmed the ability of DWI to
detect acute cerebral ischemic lesions even during fetal life.

The aim of this study was to evaluate whether fetal sonogra-
phy, T2 MR imaging, and DWI can diagnose acute cerebral le-
sions in the survivor of an MC twin pregnancy shortly after fetal
death of the co-twin.

MATERIALS AND METHODS

This was a prospective cohort study of all cases of single fetal death
(TUFD) in MC pregnancies analyzed by fetal sonography, T2 MR
imaging, and DWI during a 4-year period (2007-2010) at Sheba
Medical Center. Monochorionicity was based on first-trimester
sonography. During the study period, 34 cases of single ITUFD
were evaluated. In group A, 6 cases were complicated by sponta-
neous IUFD. In group B, there were 10 cases of fetal death shortly
after treatment of severe TTTS by laser ablation of communicat-
ing anastomoses. These were compared with group C, with 18
pregnancies treated by selective termination (bipolar or radio-
frequency) due to severe complications in MC pregnancies.

Patients with spontaneous fetal death of a monochorionic
pregnancy were hospitalized for evaluation of the surviving co-
twin. According to our institutional protocol, a detailed sono-
graphic scan (GE Voluson expert E8; GE Healthcare, Milwaukee,
Wisconsin) was obtained shortly after the diagnosis of fetal death
to detect cerebral lesions and fetal anemia. Fetal MR imaging was
performed 24-72 hours after hospitalization, all within 6 days
after fetal death. Patients after selective termination (either by
bipolar coagulation or radio-frequency) had a detailed US scan
and fetal MR imaging performed within 3 days after the proce-
dure. Thereafter, all patients were scanned on a weekly basis by
specialists in fetal medicine either after the diagnosis of IUFD
(group A) or after interventions (groups B and C).

According to our MR imaging protocol, the mothers refrained
from eating or drinking fluids with sugar 4 hours before the MR
imaging examination, which was performed without sedation. Scans
were obtained by using a 1.5T MR system (GE Healthcare). Single-
shot fast spin-echo T2-weighted sequences in 3 orthogonal planes
were used with section thickness of 3—4 mm, with no gap, with a
flexible coil (8-channel cardiac coil). The FOV was determined by the
size of the fetal head and was 24 cm for smaller fetuses and =30 cm
for the larger fetuses. Other parameters were a matrix of 320 X 224, a
TE of 90 ms, and a TR of 1298 ms. The fast-spoiled gradient recalled
T1 sequence was performed only in the axial plane with a larger FOV
of 40 cm, with a 4-mm section thickness and a 0.5-mm gap, a TR of
160 ms, and a TE of 2.3 ms. Then a DWI sequence in 3 orthogonal
planes was performed with a 40-cm FOV, b-values of 0 and 1000 or
700 ms, and a section thickness of 4 mm with no gap. The ADC
calculation map was added.

Patients were counseled about the potential risks for the sur-
viving twins, including a substantial risk for neurologic abnor-
malities. Patients were informed that not all abnormalities can be
diagnosed prenatally both by prenatal sonography or MR imag-
ing. According to national abortion legislation, patients were able
to elect termination of pregnancy after approval of a local
committee.

Follow-up information was obtained from the charts of the
hospital and from telephone interviews of the parents.

RESULTS

Thirty-four patients (all MC pregnancies with recent single fetal
death) were examined by detailed US, DWI, and T2 MR imaging.
Sixteen patients were examined after unintended fetal death (6
spontaneous IUFDs and 10 cases of single fetal death following
treatment of TTTS by laser ablation), and 18 cases were evaluated
after selective reduction. Altogether 9/34 patients had abnormal
prenatal cerebral findings.

Group A: Spontaneous IUFD (n = 6). In 2/6 pregnancies with
spontaneous death, DWI showed severe findings of acute isch-
emic lesions (On-line Table, cases A.1 and A.2; Fig 14, -B), while
cerebral damage was not evident by sonography in either case
(Doppler evaluation suggested fetal anemia in case A.1 due to
elevated peak systolic velocity in the MCA). In case A.1, edema
was demonstrated by the T2 sequence. In another case of IUFD at
25 weeks’ gestation (case A.3), the surviving fetus was hydropic on
US examination (ascites and thickened fetal skin), and fetal MCA -
peak systolic velocity levels (56 cm/s) suggested fetal anemia. Ini-
tial DWI and T2 sequence findings were normal. Intrauterine
blood transfusion was performed. The initial hematocrit level was
22% and was raised by packed-cell infusion to 42%. A second MR
imaging and follow-up scans showed no signs of cerebral damage.
Findings on sonographic follow-up, including serial MCA-peak
systolic velocity measurements, were normal throughout preg-
nancy. This patient delivered at 37 weeks’ gestation, and the neo-
natal brain US findings were normal. Three other patients with
spontaneous IUFD had normal prenatal US and MR imaging
findings. Of those, 1 elected to have termination of pregnancy
(against the departmental advice). Another patient delivered at 27
weeks due to placental abruption, and the child had sequelae of
prematurity and asphyxia. The third patient delivered at 37 weeks’
gestation, and the child is healthy without any neurologic
sequelae.

Group B: Laser Ablation (n = 10). In 1/10 cases complicated by
IUFD after laser treatment, MR imaging showed findings of se-
vere temporal lobe and periventricular infarcts to the co-twin
(case B.1). This was seen only by DWI, but the parents elected to
have termination of pregnancy. In another case, laser was per-
formed at 21 weeks of gestation, and immediate DWTand T2 MR
imaging findings were normal. Five days after the procedure, the
“donor” twin died in utero. Sonographic examination findings of
the co-twin were normal, but DWI showed germinal matrix
bleeding, and the patient elected to have termination of preg-
nancy (case B.2; Figs 1C, -D). Another patient who had laser ab-
lation at 24 weeks had germinal matrix bleeding seen initially only
by DWI, and this was confirmed by T2 MR imaging at a following
examination at 27 weeks’ gestation (B.3). Seven other patients in
group B without prenatal findings of brain injury delivered chil-
dren without any neurologic sequelae.

Group C: Selective Reduction (n =18). Selective termination was
performed by bipolar coagulation (n = 11; median gestational
age, 21 weeks; range, 17-30 weeks) or RFA (n = 7; median gesta-
tional age, 25 weeks; range, 22—32 weeks). In 1/18 cases treated by
selective termination, DWI showed bilateral cerebral ischemia 1
day after the procedure. T2 MR imaging findings at that point
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FIG1. Diffusion MRI(dMRI) and T2 MR imaging following spontaneous fetal death (case A.2). dMRI (A) and ADC image (B) show a unilateral recent
infarct (solid arrow), while T2 MR imaging shows an unknown previous infarct (C, dashed arrow). Fetal death after laser ablation (case B.2). dMRI
and ADC map show germinal matrix bleeding (D and E), while T2 MR imaging shows bilateral periventricular hypointense signal (F, dotted arrow).

FIG 2. MR imaging findings 1 day after selective reduction showing bilateral cerebral ischemia by DWI (A, solid arrow), while T2 MR imaging
findings were normal (B). Three weeks later T2 MR imaging shows hydroencephaly due to bilateral cerebral ischemia (C).
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were normal, and fetal brain injury was evident by T2 MR imaging
only 3 weeks later (case C.1, Figs 2). The patient chose to have
termination of pregnancy at 26 weeks’ gestation. In 2 other cases,
MR imaging findings suggested germinal matrix bleeding (case
C.2) and focal changes in the basal ganglia (case C.3). In both
cases, fetal sonographic findings were normal, both continued the
pregnancies, and the children are neurologically intact at 1.5-2.5
years of age. Fifteen other neonates without prenatal signs of brain
injury were delivered at term and are all alive and healthy.

DISCUSSION

In this study, we have reviewed the types of cerebral insult de-
tected in the surviving twin after TUFD in MC pregnancies. Nine
cases had radiologic evidence of cerebral abnormalities to the sur-
viving twin. Of those, 4 had significant findings of cerebral isch-
emia and infarct and 5 had minor findings. In all 9 cases, fetal
neurosonographic findings were initially normal (2 had Doppler
evaluation suggesting fetal anemia). T2 MR imaging was more
sensitive to cerebral findings, and the most sensitive examination
was DWT (3 patients with recent ischemic findings on DWT had
initially normal T2 MR imaging findings).

Monochorionic twin pregnancies complicated by the death of
1 fetus are associated with substantial mortality in the survivor,
with a high risk of developing hypoxic-ischemic damage to the
brain.? This has also been published in cases of selective termina-
tion either by RFA or bipolar coagulation.'*'*> The diagnosis of
brain abnormalities is performed routinely by fetal neurosonog-
raphy. Initial findings of brain abnormalities might include intra-
cranial hemorrhage, cerebral necrosis, and cystic lesions. How-
ever, the sensitivity of US in the earlier phases of brain damage is
poor.16 Furthermore, due to the nature of this pathology, the
sonographic findings are evolving, and the best timing to detect
these pathologies has not been established. Brain damage of
monochorionic twins has been diagnosed by prenatal MR imag-
ing,17 which might be more sensitive for earlier abnormalities,
such as the development of vasogenic edema and initial cystic
necrosis.'® An additional advantage of prenatal MR imaging over
sonography seems to be the capability of MR imaging to detect
cortical lesions, which are close to the skull bones. However, even
MR imaging usually detects these brain lesions only 2 weeks after
the death of the co-twin.'” In an animal model of perinatal as-
phyxia by umbilical cord clamping in the Macaca nemestrina, T2
MR imaging findings only appeared 2 weeks after the injury.'”

In recent years, clinical applications of DWI in postnatal life
have confirmed repeatedly that cerebral ischemic lesions are de-
tected earlier, compared with using conventional T2-weighted
imaging.*® Moreover, it has been demonstrated in animal models
that the ADC value decreases within a few minutes from induc-
tion of ischemia because diffusion of water molecules within the
tissue is hindered by the swelling of cells and restriction of extra-
cellular space, which are associated with the development of cy-
totoxic edema.”"** The same mechanism was shown both in an-
imals and human fetuses.****

A recent case report'’ has demonstrated that DWI can detect
focal ischemic lesions in the survivor of a monochorionic twin
pregnancy within the first 1-2 days after the death of the co-twin.
In our study, we have demonstrated that MR imaging, when per-

formed within a week after the death of the co-twin, can detect
recent cerebral infarcts. This is seen even in the absence of sono-
graphic or conventional MR imaging findings (cases A.2, B.1, and
C.1).

In our study, early manifestations of cerebral ischemia in
monochorionic twin pregnancies were better diagnosed with MR
imaging, especially with DWI. Early diagnosis of cerebral isch-
emic lesions might influence the consultation, parents’ decisions,
and management of the affected pregnancy. Because a large part
of interventions in monochorionic pregnancies are performed at
22-24 weeks of gestation, any brain abnormality related to the
procedure will be evident by sonography or T2 MR imaging only
when the fetus is considered viable (after 24 weeks’ gestation).
Therefore, early diagnosis of postprocedural severe brain abnor-
malities is specifically important when fetal death occurs shortly
before delivery (otherwise, patients should wait at least 2 weeks,
relying on fetal sonography and T2 MR imaging) or when reach-
ing a strict gestational age limit for termination of pregnancy,
whenever patients choose to do so. DWI results can contribute to
the decision in such a short period. However, making crucial de-
cisions (ie, pregnancy termination) on the basis of DWI alone
could be very difficult because experience in this field is at a very
early stage. Our opinion is that termination of pregnancy should
be discussed on the basis of DWTI results only in cases of clear large
cerebral ischemic lesions and not in cases of subtle findings such
as germinal matrix or basal ganglia bleeding.

The strength of our study is that the timing of fetal death of all
9 cases (On-line Table) can be narrowed to 1-6 days before the
MR imaging. The importance of DWTin such cases is the ability to
counsel patients regarding brain ischemic lesions and their con-
sequences shortly after the death of the co-twin and to reassure
patients when no abnormality is seen on DWI.

Unfortunately, most pregnant women with abnormal findings
in our population elected to terminate the pregnancy following
the death of the co-twin, even in the absence of neither recent nor
older brain infarcts. Therefore, the limitation of our study is the
inability to evaluate the true association between findings on
DWI, later brain disruption, and neurodevelopment abnormali-
ties. Therefore, patients should be encouraged, at this point, not
to rely on DWT and to await, whenever possible, later results from
conventional T2 MR imaging. This is specifically important when
DWI shows minor abnormalities with uncertain clinical correla-
tion. DWI of the fetal brain should also be evaluated in larger
clinical studies with ongoing pregnancies before adopting it as a
formal work-up in cases of monochorionic twin death.
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