
Note:  This copy is for your personal non-commercial use only. To order presentation-ready  
copies for distribution to your colleagues or clients, contact us at www.rsna.org/rsnarights.

Original Research 
n

 Obstetric Im
aging

Radiology: Volume 263: Number 3—June 2012  n  radiology.rsna.org� 843

Malformations of Cortical 
Development: Diagnostic Accuracy 
of Fetal MR Imaging1

Orit A. Glenn, MD
Addison A. Cuneo, BS
A. James Barkovich, MD
Zary Hashemi, MD
Agnes I. Bartha, MD
Duan Xu, PhD

Purpose: To determine the diagnostic accuracy of fetal magnetic 
resonance (MR) imaging for malformations of cortical de-
velopment by using postnatal MR imaging as reference 
standard.

Materials and 
Methods:

Eighty-one patients who had undergone fetal and postna-
tal MR imaging of the brain were identified in this insti-
tutional review board–approved, HIPAA-compliant study. 
Images were retrospectively reviewed in consensus by two 
pediatric neuroradiologists who were blinded to clinical 
information. Sensitivity and specificity were calculated ac-
cording to retrospective review of the images and clinical 
reports for fetal MR images. The Fisher exact test was 
used to compare results for fetuses imaged before and 
after 24 gestational weeks and for image review versus 
clinical reports for fetal MR images.

Results: Median gestational age at fetal MR imaging was 25.0 
weeks (range, 19.71–38.14 weeks). Postnatal MR imag-
ing depicted 13 cases of polymicrogyria, three cases of 
schizencephaly, and 15 cases of periventricular nodular 
heterotopia. Sensitivity and specificity of fetal MR imag-
ing were 85% and 100%, respectively, for polymicrogy-
ria; 100% each for schizencephaly; and 73% and 92%, 
respectively, for heterotopia. When heterotopia was 
seen in two planes, specificity was 100% and sensitivity 
was 67%. Sensitivity for heterotopia decreased to 44% 
for fetuses younger than 24 weeks. According to reports 
for fetal MR images, prospective sensitivity and specific-
ity, respectively, were 85% and 99% for polymicrogyria, 
100% and 99% for schizencephaly, and 40% and 91% for 
heterotopia.

Conclusion: Fetal MR imaging had the highest sensitivity for polymi-
crogyria and schizencephaly. Specificity was 100% for all 
cortical malformations when the abnormality was seen 
in two planes. Sensitivity for heterotopia was lower for 
fetuses younger than 24 weeks. Knowledge of the gesta-
tional age is important, especially for counseling patients 
about heterotopia.
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We also identified patients who were 
discussed in radiology multidisciplinary 
conferences and who had undergone fe-
tal MR imaging.

Of the 92 fetuses who were iden-
tified as having undergone fetal MR 
imaging of the brain at the University 
of California, San Francisco, and then 
subsequent postnatal MR imaging of 
the brain, postnatal MR images could 
not be obtained for four cases; in ad-
dition, two fetuses were excluded from 
the study because of difficulty distin-
guishing the fetus from their co-twin on 
the fetal MR images. Of the remaining 
86 cases, five were excluded after both 
reviewers determined that the fetal MR 
images were of poor quality (because 
of severe motion or technical reasons), 
leaving 81 patients to make up our 
study population. Of these 81 patients, 
15 had undergone more than one fetal 
MR imaging examination, resulting in a 
total of 98 examinations. In particular, 
13 patients had undergone two fetal 
MR imaging examinations, with mean 
gestational age at follow-up MR imag-
ing of 27.9 weeks (range, 22.4–32.4 
weeks). Two patients had undergone  
three fetal MR imaging examinations, 
with follow-up MR imaging performed 
between 29.3 and 34 gestational weeks. 

and Accountability Act–compliant, 
retrospective study. For patients with 
both prenatal and postnatal imaging 
performed at our institution, consent 
was waived. For patients with postna-
tal imaging performed at outside insti-
tutions, consent and Health Insurance 
Portability and Accountability Act forms 
were obtained and were used to obtain 
postnatal MR images.

Clinical Data
From November 1996 to November 
2009, we performed 693 fetal MR im-
aging examinations solely to assess the 
fetal brain. We identified 92 fetuses 
who subsequently underwent post-
natal brain MR imaging with several 
methods. We searched our database 
of fetal MR imaging for women who 
had delivered at the University of Cali-
fornia, San Francisco, Calif, and then 
reviewed imaging records to determine 
whether postnatal MR imaging had 
been performed. We also contacted 
women who had an abnormal finding 
at fetal brain MR imaging and who had 
live births at the University of Califor-
nia, San Francisco, or other hospitals. 
We also identified patients during rou-
tine clinical interpretation of postnatal 
MR images if the records stated that 
they had undergone fetal MR imaging. 

Fetal magnetic resonance (MR) 
imaging can depict additional 
abnormalities when a finding is 

suspected at prenatal ultrasonography 
(US) (1–6). Although fetal MR imag-
ing is increasingly used, its diagnostic 
accuracy for malformations of cortical 
development is not well studied. Our 
purpose was to determine the diag-
nostic accuracy of fetal MR imaging for 
malformations of cortical development 
by using postnatal MR imaging as the 
reference standard.

Materials and Methods
Our institutional review board ap-
proved this Health Insurance Portability 

Implications for Patient Care

nn Data on the accuracy of fetal MR 
imaging for malformations of 
cortical development can result 
in improved clinical counseling of 
patients on the basis of their 
fetal MR imaging findings.

nn Data comparing diagnostic accu-
racy when fetal MR imaging is 
performed before 24 gestational 
weeks as compared with that at 
or after 24 gestational weeks can 
result in improved clinical coun-
seling of patients based on their 
gestational age.

nn Identifying the abnormality in 
two planes results in improved 
specificity for heterotopia, with a 
resultant 100% specificity for all 
cortical malformations studied.

Advances in Knowledge

nn Fetal MR imaging has 85% (11 of 
13) sensitivity and 100% (68 of 
68) specificity for the detection 
of polymicrogyria.

nn Retrospective review of fetal MR 
images showed 100% (three of 
three) sensitivity and 100% (78 
of 78) specificity for the detec-
tion of schizencephaly; prospec-
tive interpretation had a speci-
ficity of 99% (67 of 68).

nn Retrospective review of fetal MR 
images showed 73% (11 of 15) sen-
sitivity and 92% (58 of 63) speci-
ficity for the detection of periven-
tricular nodular heterotopia; 
prospective interpretation showed 
sensitivity of 40% (six of 15) and 
specificity of 91% (60 of 66); when 
heterotopia was confirmed in two 
planes at fetal MR imaging, retro-
spective specificity increased to 
100% (63 of 63) and sensitivity 
decreased to 67% (10 of 15).

nn Identifying the malformation in at 
least two planes resulted in 100% 
specificity for all three cortical 
malformations studied.

nn The sensitivity of fetal MR im-
aging for heterotopia in fetuses 
imaged before 24 gestational 
weeks was lower (44% [four of 
nine]) than that in fetuses 
imaged at or after 24 gestational 
weeks (100% [six of six]).
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review. A category was scored as ab-
normal at fetal MR imaging only when 
the abnormality was seen in at least two 
planes; it was scored as suspicious at 
fetal MR imaging when the abnormality 
was seen only in one plane and could 
not be confirmed in another plane. A 
category was scored as unable to be as-
sessed if it could not be well evaluated 
on the images. In particular, if image 
quality was thought to be inadequate 
for assessing for PVNH at fetal MR 
imaging, then the PVNH category was 
scored as unable to be assessed; these 
cases were excluded only from the 
PVNH analysis. Postnatal MR images 
were scored in a similar manner, with 
both reviewers blinded to clinical and 
prior imaging results. When more than 
one postnatal MR imaging examination 
was performed, the initial postnatal ex-
amination was used for this study. Post-
natal MR images were always reviewed 
at least 2 weeks after review of the fetal 
MR images.

Clinical Report Review
We also reviewed the clinical reports 
for fetal MR images and recorded 
whether the diagnosis of polymicrogy-
ria, PVNH, or schizencephaly was made 
prospectively at the time of the clinical 
interpretation of the fetal MR image. Of 
the 693 fetal MR imaging examinations 
performed during this 13-year period, 
7.9% of patients (55 of 693) had poly-
microgyria, PVNH, or schizencephaly 
mentioned in the clinical report of fetal 
MR imaging. Termination or spontane-
ous intrauterine death occurred in 45% 
(25 of 55) of cases, and 4% of cases 
were lost to follow-up (two of 55). In 
51% (28 of 55) of cases, a live birth 
occurred. For 71% (20 of 28) of the live 
births, a postnatal MR image was avail-
able; all these patients were included in 
our study. Thus, a total of 36% (20 of 
55) of cases with cortical malformation 
on the fetal MR imaging report were in-
cluded in our study.

Statistical Analysis
With postnatal MR imaging used as the 
reference standard, we calculated sen-
sitivity and specificity for each category 
and 95% binomial confidence intervals 

Postnatal MR sequences varied be-
cause they were performed at different 
institutions. All but one patient had T2-
weighted axial images ranging from 3- 
to 5-mm thickness with a skip of 0–2 
mm; one patient had 6-mm section 
thickness. All patients had sagittal T1-
weighted images or three-dimensional 
gradient T1 images with sagittal refor-
mations. Seventy-seven percent (62 of 
81) of postnatal MR examinations in-
cluded at least one three-dimensional 
T1 or T2 volumetric sequence.

MR Image Review
Fetal MR images were reviewed by two 
pediatric neuroradiologists with 10 
years (O.A.G.) and 15 years (A.J.B.) of 
experience in fetal neuroimaging, which 
included prospective interpretation of 
the fetal MR images of the study pa-
tients. At the time of image review for 
this study, both reviewers were blinded 
to the patient’s name, indication for the 
fetal MR imaging, postnatal MR find-
ings, and US findings; however, they 
were aware of the gestational age at 
the time of MR imaging. Both reviewers 
scored the images together for three 
categories of malformations of cortical 
development: polymicrogyria, schizen-
cephaly, and periventricular nodular 
heterotopia (PVNH). Polymicrogyria 
was characterized by cortical infoldings 
located in abnormal positions, resulting 
in an appearance of too many infoldings 
for gestational age (Figs 1–3). Schizen-
cephaly appeared as a transmantle cleft 
extending through the germinal matrix 
and cortex, was lined by T2 isointen-
sity relative to the germinal matrix and 
cortex, and was associated with focal 
dilation of the underlying ventricle and 
adjacent polymicrogyria (Fig 4). PVNH 
was characterized by a focal round or 
ovoid nodule that had signal intensity 
similar to the intensity of the adja-
cent germinal matrix but that focally 
protruded into the ventricle, resulting 
in irregularity of the ventricular wall 
(Fig 2). In addition to these three cat-
egories, any other brain abnormalities 
were also recorded.

Images were scored as normal, ab-
normal, or unable to be assessed for 
each category according to consensus 

Referral indications for fetal MR 
imaging were ventriculomegaly (n = 
14); suspected callosal agenesis (n = 
12); posterior fossa abnormality (n = 
8); brain mass (n = 3); callosal agene-
sis, abnormal posterior fossa, and ven-
triculomegaly (n = 5); abnormal pos-
terior fossa and ventriculomegaly (n 
= 4); callosal agenesis and abnormal 
posterior fossa (n = 1); cephalocele 
(n = 3); vein of Galen malformation 
(n = 3); large interhemispheric cyst (n 
= 1); suspected holoprosencephaly (n 
= 1); ventriculomegaly and increased 
brain echogenicity in known congeni-
tal cytomegalovirus infection (n = 1); 
increased periventricular white matter 
echogenicity in a case with congenital 
cystic adenomatoid malformation (n = 
1); scalp mass (n = 2); fetal arthrogry-
posis and gastroschisis (n = 1); fetal 
congenital heart disease (n = 2); com-
plication of monochorionic twinning (n 
= 14); family history of tuberous scle-
rosis in a fetus with cardiac rhabdo-
myoma (n = 1); family history of poly-
microgyria (n = 1); family history of 
holoprosencephaly (n = 1); family his-
tory of congenital muscular dystrophy 
(n = 1); and maternal cardiac arrest (n 
= 1). Ten of these patients, including 
five with malformations of cortical de-
velopment, have been described else-
where (7–9).

Fetal and Postnatal MR Imaging
Fetal MR imaging was performed with 
single-shot fast spin-echo (SE) T2-
weighted imaging in axial, sagittal, and 
coronal planes on a 1.5-T unit (GE 
Healthcare, Milwaukee, Wis), by using 
a torso phased-array coil. Of the 98 fe-
tal MR examinations, 89 examinations 
included single-shot fast SE T2-weight-
ed images of 3-mm thickness with no 
skip in sagittal, axial, or coronal planes; 
two examinations had only 4-mm-thick 
sections in sagittal, axial, and coronal 
planes; and seven examinations had a 
combination of 3-mm-thick and 4-mm-
thick sections in sagittal, axial, and co-
ronal planes.

Gestational age at fetal MR imaging 
was determined by the mother’s last 
menstrual period or by findings at first 
trimester US, if performed.
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as suspicious for polymicrogyria at fe-
tal MR image review. There were no 
false-positive cases, with a resultant 
specificity of 100% (68 of 68) (95% CI: 
95%, 100%). Considering only cases for 
which fetal MR imaging was performed 
before 24 gestational weeks, the sen-
sitivity of fetal MR imaging was 75% 
(three of four) (95% CI: 19%, 99%), 
with 100% (33 of 33) specificity (95% 
CI: 89%, 100%). Considering only cases 
for which fetal MR imaging was per-
formed at or after 24 gestational weeks, 
fetal MR imaging had a sensitivity of 
89% (eight of nine) (95% CI: 52%, 
100%) and a specificity of 100% (35 of 
35) (95% CI: 90%, 100%). There was 
no significant difference in sensitivity 
when fetal MR imaging was performed 
before 24 gestational weeks and when 
fetal MR imaging was performed at or 
after 24 gestational weeks (P = .41).

In nine of 13 cases (69%), the poly-
microgyria was bilateral and diffuse 
(Table 1). Additional brain abnormalities 
were seen in all cases of polymicrogyria, 
most commonly involving the corpus 
callosum (Table 1). Specific syndromes 
were diagnosed prenatally or postna-
tally, or both, in five cases (Table 1).

Two cases of polymicrogyria were 
diffuse and bilateral but were not de-
tected at fetal MR image review. In both 
cases, fetal MR imaging included at least 
two series in each plane with 3-mm sec-
tion thickness and no skip. In one case 
of cytomegalovirus infection, fetal MR 
imaging at 23.4 weeks demonstrated 
shallow sylvian fissures and parietooc-
cipital sulci with diffuse parenchymal 
destruction, ventriculomegaly, and small 
brainstem; follow-up fetal MR imaging at 
28 weeks showed diffuse bilateral poly-
microgyria. In one case with a family 
history of congenital muscular dystro-
phy, fetal MR imaging performed at 25 
weeks demonstrated a small pons with 
normal sulcation. A second fetal MR im-
aging examination at 30 weeks depicted 
polymicrogyria in the bilateral temporal 
lobes, as well as the shallow appearance 
of the frontal sulci (Fig 5). A third image 
obtained at 34 gestational weeks dem-
onstrated bilateral frontal and temporal 
polymicrogyria with more subtle polymi-
crogyria throughout the brain.

ranged from 0 days to 4.7 years, with 
a median postnatal age (corrected for 
delivery age , 37 weeks) of 3 days.

Thirteen postnatal examinations 
showed polymicrogyria, and 11 of these 
cases were correctly identified at fetal 
MR image review (Table 1). Gestational 
age for cases detected at fetal MR im-
age review (29 weeks [range, 22–38.1 
weeks]) did not significantly differ from 
that for cases missed at fetal MR im-
age review (24.2 weeks [range, 23.4–25 
weeks]) (P = .26), but this comparison 
is limited by small sample size. The 
sensitivity of fetal MR imaging for poly-
microgyria was 85% (11 of 13) (95% 
CI: 55%, 98%). No cases were scored 

Figure 1

Figure 1:  Focal polymicrogyria detected with fetal 
MR imaging at 23 gestational weeks. (a) Fetal axial 
single-shot fast SE T2-weighted image demon-
strates a large area of encephalomalacia involving 
the left frontal and parietal lobes (arrow). (b) Fetal 
coronal single-shot fast SE T2-weighted image 
demonstrates abnormal cortical infoldings in the 
left frontal lobe in the area of encephalomalacia, 
consistent with polymicrogyria (arrow). (Reprinted, 
with permission, from reference 21.) (c) Postnatal 
axial T2-weighted image demonstrates volume loss 
and polymicrogyria involving the left frontal and 
parietal lobes (arrow).

(CIs) on the basis of the blinded, retro-
spective review of the fetal MR images 
and the prospective clinical reports of 
fetal MR imaging. If a patient had un-
dergone more than one fetal MR imag-
ing examination, we used the earliest 
fetal MR image for all our analyses. We 
compared sensitivity of fetal MR imag-
ing for patients in whom MR imaging 
was performed before 24 gestational 
weeks with that for patients imaged 
at or after 24 gestational weeks; the 
Fisher exact test was used for this com-
parison, with a significance level of P 
, .05.

Results

Eighty-one fetuses were included in this 
study. Median gestational age at fetal 
MR imaging was 25.0 weeks (range, 
19.71–38.14 weeks). Fetal MR imaging 
was performed before 24 weeks in 37 
patients. Age at postnatal MR imaging 
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21.9 weeks (range, 19.7–23 weeks) for 
cases missed at fetal MR image review 
(P = .04). The specificity increased to 
100% (63 of 63) (95% CI: 94%, 100%), 
and the sensitivity decreased to 67% 
(10 of 15) (95% CI: 38%, 88%). If we 
then included only cases for which fetal 
MR imaging was performed before 24 
weeks (again grouping suspicious cases 

than when performed at or after 24 
gestational weeks (P = .06).

When we grouped cases scored 
as suspicious at fetal MR image re-
view with those scored as normal at 
fetal MR image review, the mean ges-
tational ages were 27.7 weeks (range, 
22–36.4 weeks) for cases with PVNH 
detected at fetal MR image review and 

Schizencephaly was detected on 
postnatal MR images in three cases 
(Table 1). It was detected at fetal MR 
image review at 27.4 weeks, 32.3 
weeks, and 33.1 weeks, respectively, 
with mean gestational age of 31 weeks. 
Both open- and closed-lip schizenceph-
alies were detected at fetal MR image 
review. No cases were scored as sus-
picious, and no cases were scored as 
false-positive. The sensitivity of fetal 
MR imaging was 100% (three of three) 
(95% CI: 29%, 100%), and specificity 
was 100% (78 of 78) (95% CI: 95%, 
100%).

PVNH were identified on postna-
tal MR images in 15 cases (Table 1). 
At fetal MR image review, 10 of these 
15 cases were abnormal, one was sus-
picious, and four were normal. Five 
false-positive cases were scored as sus-
picious at fetal MR image review, with 
no PVNH seen at postnatal MR imag-
ing. Three of the 81 cases were scored 
as unable to be assessed for PVNH at 
fetal MR image review and were ex-
cluded from the analysis for PVNH; 
however, none of these cases were 
shown to have PVNH at postnatal MR 
imaging.

Mean gestational ages were 27.2 
weeks (range, 22–36.4 weeks) among 
cases of PVNH detected at fetal MR 
image review and 21.9 weeks (range, 
19.7–23 weeks) among cases missed at 
fetal MR image review (P = .09). The 
overall sensitivity for PVNH was 73% 
(11 of 15) (95% CI: 45%, 92%). Five 
cases were scored as suspicious at fetal 
MR image review but were found to be 
normal at postnatal MR imaging; the 
resulting specificity was 92% (58 of 63) 
(95% CI: 82%, 97%). If we included 
only cases for which fetal MR imaging 
was performed before 24 weeks (n = 
35), the sensitivity was 56% (five of 
nine) (95% CI: 21%, 86%) and specific-
ity was 96% (26 of 27) (95% CI: 81%, 
100%). For cases for which fetal MR 
imaging was performed at or after 24 
weeks, the sensitivity was 100% (six of 
six) (95% CI: 54%, 100%) and specific-
ity was 89% (33 of 37) (95% CI: 75%, 
97%). There was a trend toward lower 
sensitivity when fetal MR imaging was 
performed before 24 gestational weeks 

Figure 2

Figure 2:  Polymicrogyria and PVNH detected with fetal MR imaging at 22 gestational weeks. (a) Sagittal 
single-shot fast SE T2-weighted image at 22 gestational weeks demonstrates multiple abnormal infold-
ings of the cortex, consistent with polymicrogyria (black arrows). PVNH appears as nodular areas along the 
wall of the lateral ventricular atrium, which protrude into the ventricular lumen (white arrows). (Reprinted, 
with permission, from reference 9.) (b) Postnatal axial fast spin-echo T2-weighted image at 2 days of age 
demonstrates bilateral frontal polymicrogyria, confirming fetal MR findings. (c) Fetal axial single-shot fast SE 
T2-weighted image demonstrates nodular area in the wall of the left lateral ventricle, which is isointense to 
germinal matrix and protrudes slightly into the ventricular lumen, and which was confirmed in the coronal 
plane, consistent with PVNH (arrows). (d) Postnatal axial spin-echo T2-weighted image at the level of the 
ventricular atria confirms the PVNH (arrow).
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(Table 1). Of the five cases scored as 
normal or suspicious at fetal MR im-
age review, PVNH was unilateral in 
two cases and bilateral in three cases 
at postnatal MR imaging. The propor-
tion of unilateral PVNH cases (two of 
five) missed at fetal MR image review 
was not significantly different from that 
of bilateral PVNH cases missed at fetal 

37) (95% CI: 91%, 100%). The sensi-
tivity of fetal MR imaging was lower for 
examinations performed before 24 ges-
tational weeks than for examinations 
performed at or after 24 gestational 
weeks (P = .04).

Ten of 15 cases (67%) had bilateral 
PVNH at postnatal MR imaging, and 
five of 15 (33%) had unilateral PVNH 

with normal), the sensitivity was 44% 
(four of nine) (95% CI: 14%, 79%) and 
specificity was 100% (26 of 26) (95% 
CI: 87%, 100%). For cases for which 
fetal MR imaging was done at or after 
24 weeks (again grouping suspicious 
cases with normal), the sensitivity 
was 100% (six of six) (95% CI: 54%, 
100%) and specificity was 100% (37 of 

Figure 3

Figure 3:  Diffuse polymicrogyria detected with fetal MR imaging at 36 gestational weeks. (a) Fetal axial single-shot fast SE T2-weighted image demonstrates 
bilateral abnormal cortical folding pattern characterized by too numerous sulci with abnormally small gyri, consistent with diffuse polymicrogyria. Both sylvian fissures 
extend too far posteriorly, which is often seen with polymicrogyria affecting the perisylvian areas (arrows). There is also callosal agenesis. (b) Axial single-shot fast SE 
T2-weighted image more superiorly again demonstrates diffuse polymicrogyria with abnormal posterior extent of the sylvian fissures (arrows). (c) Postnatal SE axial 
T2-weighted image corresponding to the same location as in a demonstrates diffuse polymicrogyria. (d) Postnatal SE axial T2-weighted image corresponding to b 
demonstrates abnormal posterior extent of the sylvian fissures bilaterally with diffuse polymicrogyria. (e) Fetal coronal single-shot fast SE T2-weighted image shows 
multiple abnormal infoldings, most prominent in the posterior left sylvian fissure (top arrow). Left cerebellar hypoplasia is also noted (bottom arrow). (Reprinted, with 
permission, from reference 9.) (f) Corresponding postnatal coronal three-dimensional spoiled gradient-recalled acquisition in the steady state T1-weighted image 
confirms numerous abnormal cortical infoldings, with apparent thickening of posterior left sylvian fissure due to multiple tiny cortical infoldings (arrow).



Radiology: Volume 263: Number 3—June 2012  n  radiology.rsna.org	 849

Obstetric Imaging: Accuracy of Fetal MR Imaging for Cortical Development	 Glenn et al

postnatal MR imaging that were scored 
as normal or suspicious at fetal MR im-
age review, fetal MR imaging showed 
other abnormalities, including callosal 
agenesis, callosal hypogenesis, small 
vermis, dysplastic brainstem, ventricu-
lomegaly, and meningocele.

Of the 15 fetuses who had more 
than one fetal MR examination, five 
had malformations of cortical develop-
ment at postnatal MR imaging (Table   
2). In two of the polymicrogyria cases, 
the first fetal MR examination did not 
depict polymicrogyria; however, subse-
quent fetal MR images did (discussed 
earlier). In the two cases of PVNH, nei-
ther the first nor the second fetal MR 
imaging examination (performed as 
late as 31.1 gestational weeks) depicted 
PVNH.

We also calculated prospective sen-
sitivity and specificity according to the 
clinical reports for fetal MR images. Re-
view of these reports for the diagnosis 
of polymicrogyria revealed that 11 cases 
were correctly identified at the time 
of clinical reporting. There was one 
false-positive case (one case of callosal 
agenesis with a large interhemispheric 
cyst). There were also two cases for 
which polymicrogyria was not identified 
at the time of clinical interpretation; 
these were the same cases that were 
missed during retrospective review of 
the fetal MR images. According to the 
clinical reports, the sensitivity of fetal 
MR imaging for polymicrogyria was 
85% (11 of 13) (95% CI: 55%, 98%) 
and the specificity was 99% (67 of 68) 
(95% CI: 92%, 100%). Considering 
only cases for which fetal MR imaging 
was performed before 24 gestational 
weeks, the sensitivity of fetal MR imag-
ing was 75% (three of four) (95% CI: 
19%, 99%), with 100% (33 of 33) spec-
ificity (95% CI: 89%, 100%). Sensitivity 
or specificity did not significantly differ 
between cases imaged before 24 ges-
tational weeks and those imaged at or 
after 24 gestational weeks.

All three cases of schizencephaly 
were also identified in the clinical MR 
imaging report. In one case of orofacial 
digital syndrome type VI with multiple 
brain malformations (including poly-
microgyria and PVNH), the fetal MR 

axial and coronal images were 4 mm 
thick with no skip. All other cases de-
tected at fetal MR image review had 
3-mm section thickness.

In 14 of 15 PVNH cases, fetal MR 
imaging depicted other abnormalities, 
including polymicrogyria in seven cases 
(Table 1). In all five cases of PVNH at 

MR image review (three of 10) (P = .7). 
All five cases missed at fetal MR image 
review had 3-mm single-shot fast SE 
T2-weighted images with no skip. Four 
of the 5 cases had at least two series 
in each plane; one case had only one 
series in each plane. In two of the cases 
detected at fetal MR image review, the 

Figure 4

Figure 4:  Bifrontal open-lip schizencephalies detected with fetal MR imaging at 33 gestational weeks. 
(a) Fetal coronal single-shot fast SE T2-weighted image demonstrates bilateral clefts (arrows) in the paren-
chyma that extend from the ventricular lumen to the subarachnoid space and are lined by signal intensity 
similar to that of the developing cortex. Findings are compatible with open-lip schizencephalic defects. Septal 
leaves are absent. (b) Corresponding coronal, three-dimensional, spoiled gradient-recalled acquisition in the 
steady state, T1-weighted image obtained at 1 year of age confirms the bilateral open-lip schizencephalies 
(arrows). (c) Fetal axial single-shot fast SE T2-weighted image also demonstrates the bilateral open-lip 
schizencephalic defects (arrows), as well as abnormal infoldings in the adjacent cortex. (d) Corresponding 
axial T1-weighted image obtained at 1 year of age confirms the bilateral open-lip schizencephalies (arrows), 
as well as adjacent polymicrogyria.
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imaging report incorrectly diagnosed 
focal closed-lip schizencephaly. On the 
basis of clinical reports, the sensitiv-
ity and specificity of fetal MR imaging 
for schizencephaly were 100% (three 
of three) (95% CI: 29%, 100%) and 
99% (77 of 78) (95% CI: 93%, 100%), 
respectively. No cases diagnosed with 
schizencephaly on the basis of the clini-
cal fetal MR report were imaged before 
24 gestational weeks.

Clinical reports for fetal MR imag-
ing correctly listed a diagnosis of PVNH 
in six of the 15 cases. There were six 
false-positive cases. According to clin-
ical report, the sensitivity and specific-
ity of fetal MR imaging for PVNH were 
40% (six of 15) (95% CI: 16%, 68%) 
and 91% (60 of 66) (95% CI: 81%, 
97%), respectively. Considering only 
cases for which fetal MR imaging was 
performed before 24 gestational weeks, 
the sensitivity of fetal MR imaging was 
22% (two of nine) (95% CI: 3%, 60%), 
with 96% (27 of 28) specificity (95% 
CI: 82%, 100%). Sensitivity and spec-
ificity did not differ between cases im-
aged before 24 gestational weeks and 
those imaged at or after 24 gestational 
weeks.

Discussion

In nearly all cases of malformations of 
cortical development, at least one ad-
ditional abnormality could be identified 
at fetal MR imaging. This finding em-
phasizes the importance of searching 
for more than one abnormality once 
an abnormality is detected at fetal MR 
imaging.

Overall, we observed good sensitiv-
ity of fetal MR imaging for polymicrogy-
ria, at 85%. The sensitivity decreased 
to 75% for fetuses younger than 24 ges-
tational weeks; this difference was not 
significant, however, probably because 
of the small sample size. It is likely 
that technical difficulties in performing 
fetal MR imaging, including fetal mo-
tion, small size of the fetal brain, and 
increased distance of the coil from the 
fetal head, all contributed to our inabil-
ity to reach 100% sensitivity for the 
detection of polymicrogyria. However, 
it is also possible that the detection of 



852	 radiology.rsna.org  n  Radiology: Volume 263: Number 3—June 2012

Obstetric Imaging: Accuracy of Fetal MR Imaging for Cortical Development	 Glenn et al

detected in the temporal lobe before 
28 gestational weeks (which is before 
the expected normal development of 
primary sulci in the temporal lobe) and 
instances in which polymicrogyria was 
missed in the temporal lobe before 28 
gestational weeks.

Although one might suspect that 
more extensive, diffuse polymicrogyria 
might be easier to detect than is focal 
polymicrogyria, this was not the case 
in our study: Both cases missed at fe-
tal MR image review had diffuse bilat-
eral involvement and might have been 
missed because we were desensitized 
by the symmetry of the polymicrogyria.

The sensitivity and specificity of 
fetal MR imaging were both 100% for 

at fetal MR imaging in all cases of post-
natally confirmed polymicrogyria, in-
cluding those that were missed at fetal 
MR imaging. The presence of additional 
brain abnormalities in our cases proba-
bly alerted us to the possibility of more 
extensive brain abnormalities and per-
haps heightened our sensitivity for the 
detection of polymicrogyria.

The location of the polymicrogyria 
and normal timing of sulcal development 
did not seem to influence the detection 
at fetal MR imaging. In particular, fetal 
MR imaging could depict polymicrogy-
ria even before the expected normal 
appearance of primary sulci in a par-
ticular lobe. For example, we observed 
instances in which polymicrogyria was 

polymicrogyria at fetal MR imaging dif-
fers depending on the type or cause of 
polymicrogyria (10). Of note, all seven 
cases of polymicrogyria associated with 
callosal agenesis were detected at fe-
tal MR imaging, including two cases 
that were imaged before 24 gesta-
tional weeks, three cases with Aicardi 
syndrome, one case with orofacial dig-
ital syndrome type I, and one case of 
orofacial digital syndrome type VI. How-
ever, in a case of postnatally diagnosed 
congenital muscular dystrophy, fetal MR 
imaging did not depict polymicrogyria 
at 25 gestational weeks but was able to 
show polymicrogyria by 30 weeks ges-
tation. It is important to note that we 
observed additional brain abnormalities 

Figure 5

Figure 5:  Polymicrogyria detected with fetal MR 
imaging at 30 gestational weeks. (a) Coronal single-
shot fast SE T2-weighted image in a 25-week-old 
fetus demonstrates normal sulcation pattern without 
any evidence of developing polymicrogyria. (b) Co-
ronal single-shot fast SE T2-weighted image in the 
same fetus at 30 gestational weeks demonstrates 
shallow appearance of the frontal sulci (arrows).  
(c) Axial single-shot fast SE T2-weighted image at 
30 gestational weeks also demonstrates abnormal 
infoldings of the temporal cortex bilaterally, consistent 
with polymicrogyria (arrows). (d) Postnatal coronal 
three-dimensional fast SE T2-weighted image ob-
tained at 3 months of age confirms the findings from 
30-week fetal MR image with bifrontal polymicrogy-
ria. Abnormal T2 hyperintensity in the white matter 
is also noted (and was not detected with fetal MR 
imaging). (e) Postnatal axial SE T2-weighted image 
also demonstrates bilateral temporal lobe polymicro-
gyria, as detected with fetal MR imaging.
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used retrospective review of fetal MR 
images and review of prospective clini-
cal fetal MR imaging reports. However, 
the latter led to identification of one 
false-positive case each for polymicro-
gyria and schizencephaly. The major 
difference in prospective and retro-
spective interpretations was seen in di-
agnosis of PVNH, for which sensitivities 
were 40% (six of 15) and 73% (11 of 
15), respectively. This finding probably 
reflects a combination of recall bias and 
learning that occurred over the study 
period.

Although most studies of fetal MR 
imaging have compared this modal-
ity with prenatal US, several studies 
have used confirmation with autopsy 
(11,12), postnatal MR imaging (13,14), 
or autopsy or postnatal MR imaging 
(3,15,16). Our study contributes to the 
literature by systematically comparing a 
large number of fetal MR examinations 
with postnatal MR examinations to de-
termine the sensitivity and specificity of 
fetal MR imaging for specific types of 
brain abnormalities.

In our study (and as occurs in rou-
tine clinical practice), most cases had at 
least two single-shot fast SE T2-weight-
ed series performed in each of three 
orthogonal planes. In addition, we re-
quired that an abnormality be seen in 
at least two different planes before it 
was classified as abnormal at fetal MR 
imaging; this approach is also routinely 
used when fetal MR images are clini-
cally interpreted. These aspects proba-
bly resulted in improved sensitivity and 

sensitive to blood products may help to 
differentiate these. Fetal MR imaging at 
younger gestational age is more affected 
by such limitations as increased fetal mo-
tion, smaller size of the fetal brain, and 
increased distance of the coil from the 
fetal head compared with more advanced 
gestational ages, probably accounting for 
the observed lower sensitivity when fetal 
MR imaging was performed before 24 
gestational weeks.

It is important to note that whereas 
we observed 100% specificity of fe-
tal MR imaging for both polymicrogy-
ria and schizencephaly, we observed 
92% specificity of fetal MR imaging 
for PVNH. This is because five cases 
were scored as suspicious at fetal MR 
image review (the finding was seen in 
only one plane) and were false-positive. 
The specificity increased to 100% if we 
required that the heterotopia had to 
be identified in at least two planes at 
fetal MR image review. This was asso-
ciated, however, with a slight decrease 
in sensitivity to 67%; and with a more 
marked decrease in sensitivity (to 44%) 
for fetuses younger than 24 gestational 
weeks. However, the higher specificity 
is especially important in considering 
that decisions about pregnancy man-
agement can be influenced by the re-
sults of fetal MR imaging. In such cases, 
it is critical to minimize the number of 
false-positive findings at fetal MR im-
aging, even at the expense of a lower 
sensitivity.

Sensitivities for polymicrogyria and 
schizencephaly were identical when we 

schizencephaly; this includes detection 
of both open- and closed-lip schizen-
cephalies. Open-lip schizencephalies, 
in particular, are easy to detect when 
images are obtained in three orthogo-
nal planes, which allows clear depiction 
of the connection of the schizencephalic 
defect to the ventricle and subarach-
noid space. However, there were only 
three cases of schizencephaly in our 
cohort, and all cases were seen in asso-
ciation with polymicrogyria. Additional 
patients are needed to confirm these 
results.

The sensitivity of fetal MR imaging 
for PVNH, 73%, was lower than that 
for polymicrogyria and schizencephaly. 
It was especially poor when we consider 
only cases imaged before 24 weeks’ ges-
tation (44% [four of nine]) and was high-
er for fetuses imaged at or after 24 ges-
tational weeks (100% [six of six]) when 
the PVNH had to be seen in at least two 
planes. Our results show that identifying 
PVNH with fetal MR imaging is particu-
larly challenging, either when unilateral 
or bilateral. This is probably because 
of the small size of heterotopia and the 
similar signal intensity of heterotopia to 
the adjacent germinal matrix. Indeed, 
heterotopia are best detected when they 
protrude into the ventricular lumen and 
cause irregularity of the ventricular wall, 
or when they are larger than the sur-
rounding residual germinal matrix (which 
decreases in thickness with increasing 
gestational age). Furthermore, hetero-
topia can be confused with germinal 
matrix hemorrhage, although sequences 

Table 2

Cases with More Than One Fetal MR Imaging Examination

Case No.
Postnatal MR Cortical 
Malformation

MR Examination 1 MR Examination 2 MR Examination 3

Gestational Age (wk)

Detected at 
Retrospective 
Fetal MR Review Gestational Age (wk)

Detected at 
Retrospective 
Fetal MR Review Gestational Age (wk)

Detected at 
Retrospective  
Fetal MR Review

13 PMG 25 No 30 Yes 34 Yes
  8 PMG 22.1 Yes 28.1 Yes NA NA
12 PMG 23.4 No 28 Yes NA NA
19 PVNH 19.7 No 23.5 No NA NA
21 PVNH 23 No 31.1 No NA NA

Note.— NA = not applicable.
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In summary, using postnatal MR 
imaging as the reference standard, 
retrospective consensus review of fe-
tal MR images by pediatric neuro-
radiologists had 85% sensitivity for 
polymicrogyria, 100% sensitivity for 
schizencephaly, 67% sensitivity for 
heterotopia, and 100% specificity for 
all three cortical malformations when 
an abnormality was seen in two planes.  
The sensitivity for heterotopia was 
lower in fetuses younger than 24 ges-
tational weeks, a finding important 
for the clinical counseling of women 
undergoing fetal MR imaging. Further-
more, to reach a specificity of 100%, 
heterotopia should be identified in 
more than one plane with fetal MR im-
aging before being considered abnor-
mal. In addition, if there is any doubt, 
follow-up MR imaging at a later gesta-
tional age can be helpful.
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