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Summary 
Magnetic Resonance Imaging (MRI) is a valuable complementary technique to prenatal 

ultrasound. It is useful in the detection and characterization of the fetal central nervous system 
(CNS) anomalies, partly due to the use of ultrafast sequences to reduce acquisition times. 
This is a revision article that shows representative cases by the authors. We include a woman 
in the second and third trimester of pregnancy, referred for an MRI due a suspicion of fetal 
CNS anomaly during the ultrasound, and images of normal fetal brains, in pregnant women 
referred for a suspicion of placenta accreta. 

Resumen
La resonancia magnética (RM) es una valiosa técnica complementaria de la ecografía 

prenatal, útil en la detección y caracterización de anomalías del sistema nervioso central 
(SNC) fetal. En parte, gracias al uso de secuencias ultrarrápidas que reducen los tiempos de 
adquisición. Este es un artículo de revisión que presenta casos representativos de los autores. 
Incluye gestantes en el segundo y tercer trimestres de edad gestacional (EG), remitidas por 
sospecha ecográfica de anomalía del SNC fetal; e imágenes de cerebros fetales normales, 
de gestantes remitidas por sospecha de acretismo placentario.

Introduction
Fetal development anomalies are found between 2 

and 3% of pregnancies (1). Magnetic resonance (MR 
I) is not a routine tool for the screening of fetal malfor-
mations, but it has proven to be a valuable complement 
to the ultrasound in the evaluation of the fetal central 
nervous system (CNS). The MRI enables the direct 
visualization of the developing cerebral parenchyma, 
and a superior representation of the processes of sulca-
tion, the formation of convolutions and myelination (2). 
Therefore, it is not a technique which is susceptible to 
the same limiting factors as the ultrasound (3,4), and it 

helps to identify patients who will benefit from an early 
prenatal intervention (5,6).

Safety in fetal MRI
The current data has not conclusively proven har-

mful effects of the 1.5 tesla (T) MRI in utero during fetal 
or post-natal development (7-12). Despite the achieved 
results in several publications, some articles (3, 4) and 
guides of the scientific community (13) recommend 
not to perform an MRI during organogenesis. In our 
institutional protocol, we wait until after the 20th week 
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of pregnancy to reduce technical difficulties, given the size and the 
excessive movement of the fetus.

During pregnancy, gadolinium is considered a class C medication 
(14). Some studies have proven that chelates cross the placenta and enter 
fetal circulation, remaining there for an unspecified period of time. Be-
cause of this, the average biological age in the fetus is unknown (15,16). 

Indications
The most common reference diagnosis for the MRI of fetal CNS 

is ventriculomegaly. The MRI shows an important advantage in the 
visualization of the posterior fossa, and in the characterization of cys-
tic lesions (17). Similarly, it is very sensitive in the determination of 
intra-cranial hemorrhage. Hemoglobin can be detected in sequences in 
T2* gradient-echo sequences (GRE), as a signal loss due to the local 
magnetization of iron (18). In addition, it is useful in the screening 
of families with known genetic disorders, fetal malformations in 
previous pregnancies; fetuses with cardiac rhabdomyoma , due to its 
association with tuberous sclerosis (19); complications of twinning 
monochorionic pregnancies (20,21), destructive encephalic lesions, 
congenital infections (22-24), intracranial and sacrococcygeal tumors 
(25,26), among others (27).

Exploration techniques
In our institution, the MRI of fetal CNS is performed with 1.5 T 

equipment. The use of magnetic fields with greater “magnetic field 
measure” (teslaje) requires studies for their validation. The explora-
tion begins by placing the pregnant woman in a supine position, with 
previous bladder emptying, and fasting during 4 hours. This study 
lasts approximately 20 minutes, but this factor varies according to 
the number of sequences. A multi-channel surface antenna is used. 
After obtaining the weighted localizing images with T2 information, 
continuous images with a width of 1 mm are acquired, using ultra-fast 
single shot spin echo techniques (SENSE, HASTE, ssFSE, ssTSE), 
and balanced sequences (BFFE) weighted in T2 in the three levels of 
the fetal neuroaxis. Additionally, axial images with T1 information 
are obtained, as well as GRE, diffusion (DWI) and apparent diffusion 
coefficient (ADC) (28-33). Spectroscopy due to resonance is part of the 
routine in some centers. Its application is limited to the third trimester, 
when the fetal head is larger and fits in the maternal pelvis due to the 
long acquisition times and due to the size of the voxel (34).

Evaluation of the fetal central nervous system
The knowledge of the anatomy of the fetal CNS and its development 

are essential aspects in the interpretation of images. The formation of 
fetal CNS includes stages which are characterized by its complexity. 
Following is our suggestion of a systematic order for the evaluation 
of fetal CNS:

•	Cortical development: This stage begins during the seventh week of 
GA (gestational age). It includes the proliferation, differentiation, 
neuronal migration, and cortical organization processes, which 
are influenced by specific molecular ligands, cellular recognition, 
formation of synaptic connections, etc. (2)

•	Sulcation is a well-established criteria used to determine the 
maturity of the fetal brain (35). The brain furrows appear in an 
organized manner, as surface invaginations which progressively 

deepen. Before 18 weeks of GA, the fetal brain is agyric (3). The 
furrows of the medial surface of the hemisphere appear earlier than 
those of the lateral convexity (table 1 and figure 1).

Table 1. Gestational age when the primary furrows 
are visible in the MRI

Furrows or ridges MRI (weeks)

Findings
Visible for the 

first time
Always visible

Parieto-occipital 18-19 22-23

Calcarine 18-19 22-23

Cingulum 24-25 28-29

Central 26-27 26-27

Of convexity 26-27 28-29

 Source: Ghai S, et al (36).

•	Cerebral parenchyma: A typical multi-layer pattern in the cerebral 
parenchyma is observed between weeks 23 and 28 of pregnancy, 
more evident in sequences with T1 information (37). An MRI 
shows three layers from the cerebral surface to the interior (4). 
The cortical mantle has a low intensity, with T2 information and 
its intensity is bright with T1 information. After week 29, it is 
difficult to limit it in sequences with T1 information; the white 
matter has an intermediate to high signal with T2 information and 
has low intensity with T1 information. It must not be interpreted 
as pathological during the 20th week of pregnancy (189; and the 
germinal matrix which has an involution towards the 34th week of 
pregnancy, only persisting in the caudothalamic groove up to post-
natal life, is visualized as a band which covers the lateral ventricles, 
with low intensity with T2 information and high intensity with T1 
information, due to its high cellularity (3) (figure 2).

•	Neuronal myelination: it starts in the fifth week of pregnancy, 
and concludes in post-natal life. It is performed by the reduction 
in water content, an increase in the concentration of lipids, pro-
liferation and maturation of olygodentrocytes precursors (38). 
It occurs from caudal to rostral, dorsal to ventral, and central to 
peripheral; and the high-intensity white matter with T1 information 
must be observed, as well as low-intensity white matter with T2 
information (18,39) (table 2).

•	Corpus callosum: The embryology of the corpus callosum is still 
controversial in scientific literature. Some investigations have 
proven that the body forms first, growing bi-directionally towards 
the knee and the spleen (40). Despite this, the lamina rostralis of the 
fetal rostrum is present before the development of the knee and the 
spleen (41). This structure is visible from week 20 of pregnancy. 
A low-intensity band with T2 information, superior to the fornix 
can be seen in the coronary and medial sagittal images (figure 3).

•	Posterior fossa: The fetal cerebellum is relatively smaller than the 
brain, with more prominent peri-cerebellar spaces. The cerebellar 
hemispheres develop first, followed by the vermis, which must 
cover the floor of the fourth ventricle until week 20 of pregnancy 
(35). In week 21 of pregnancy, the cerebellar cortex and the dented 
nuclei are shown with low intensity with T2 information (42-44). 
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Figure 1. Fetuses of 25 (a), 26 (b), and 30 (c) weeks with normal brains. Para-sagittal images weighted with T2 information, which show the progress in the sulcation of the fissure of 
Silvio (arrow), which is visualized in neuropathological specimens starting from week 14 of pregnancy. Note the continuous closure and its operculization.

a b c

Figure 2. 30-week old fetus. Coronary image weighted with T2 at the level of the third 
ventricle (3v). A low-intensity germinal matrix (short arrow) can be seen under the frontal 
masts, the white matter with intermediate intensity (double arrow) and the low intensity 
cortical mantle (long arrow).

Figure 3. 30-week old fetus. Medial sagittal image with T2 information (BTFE). The 
corpus callosum is shown (arrows), as a low intensity inter-hemispheric band under the 
circumvolution of the cingulum. The developing cerebellar vermis can be visualized in the 
posterior fossa (v), as well as the fourth ventricle (4v).

The measurements of the cerebellum are useful in the evaluation 
of its normal development in relation to the pregnancy (45,46). 
The cisterna magna must not be larger than 10 mm. 

Ventricular system and subarachnoid space
The lateral ventricles in the fetus must have a maximum diameter 

of 100 mm, with smooth margins without nodular areas, which suggest 
heterotopy or tuberous nodes (3-47). Ventricular atria greater than 12 
mm and the progression of the ventriculomegaly are related to a poor 
neurological prognosis (48,49). The subarachnoid space is gradually 
reduced during the end of the third trimester, as the volume of the fetal 
brain increases; however, it is still prominent in the parietal-occipital 
region (50,51).

Table 2. Pattern of myelinization by MRI in the 
brains of normal fetuses

Changes of intensity in the signal with T1 
information

Week

Dorsal portion of the bridge and the brain stem 
(sensory tracts)

23

Middle brain 31

osterior limb of the internal capsule 32

Optic radiations 35

Subcortical white matter (central area) 35

Corona radiata 36

Source: adapted from Girard N, et al. (37).

4v

V
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Figure 5. Corpus callosum agenesia. 35-week old fetus. Medial-sagittal, coronary and axial images with T2 information. They show an absence of corpus callosum (black arrow), frontal 
masts of the lateral ventricles with vertical orientation and parallel between each other (white arrows), radial arrangement of the convolutions, colpocephaly (*) and normal posterior fossa.

Figure 4. Bilateral schizencephaly. 36 week old fetus. Axial and coronary images (BTFE) weighted with T2 information which show clefts in both cerebral hemispheres, from the cortical 
mantle to the lateral ventricles, associated with grey matter heterotopy (arrow) and absence of septum pellucidum (*).

Figure 6. Hemorrhage of the germinal 
matrix and encephalomalacy . Axial 
image with T1 information and STIR 
coronary. Focus of high intensity in T1, 
in the left periventricular region (arrow); 
associated with an important reduction of 
the cerebral parenchymatous width and 
severe hydrocephaly

a b

a b c

a b
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•	Alterations of the cortical development: These include agyria, lis-

sencephaly, polymicrogyria, grey matter heterotopy, schizencephaly, 
etc. Lissencephaly appears as a smooth brain, lacking the expected 
grooves for the pregnancy. Polymicrogyria is characterized by mul-
tiple abnormal retractions in the cerebral cortex, and its association 
with ventriculomegaly leads to the suspicion of the possibility of a 
genetic component, a metabolic alteration or congenital infection 
(52). In schizencephaly, one can see trans-cerebral grooves, from 
the ventricles to the cerebral cortex, which is usually dysplastic 
(53) (figure 4).

•	Corpus callosum anomalies: The fetal MRI has shown a greater 
detection of the alterations of the corpus callosum and of associa-
ted anomalies, when compared with the ultrasound (53,54). These 
include agenesis, hypogenesis, dysgenesis, and hypoplasia (52). The 
rate of identification of additional findings in case of corpus callosum 
agenesis by fetal MRI is as high as 93%, which has implications 
both for the current pregnancy as well as for future pregnancies 
(55-57) (figure 5).

•	Destructive encephalic lesions: This group covers ischemic and 
hemorrhagic lesions, laminary necrosis, periventricular leuco-
malacia, porenchephaly, cystic encephalomalacia, hemiatrophy, 
hydrenencephally, etc. (4,35).

•	The lesions to the fetal CNS before week 20 of pregnancy produce 
necrosis without gliosis, when a porencephalic cavity with an in-
tensity with a similar signal as LCR. Astrocytic proliferation starts 
to occur after week 26 of the pregnancy, which is manifested as a 
septated cavitation of irregular walls. Before week 34, the periventri-
cular white matter is more susceptible to ischemic lesions. In ulterior 
periods, the subcortical white matter and the cortical mantle are most 
sensitive to anoxia (58). The focal or diffuse ischemic lesions are 
appreciated as high-intensity with T2 information.

•	Hemorrhage is detected as areas of low intensity in sequences with 
T2 information and high intensity with T1 information; however, 
the signal varies depending on the stage of bleeding. This is better 
characterized in sequences with T2*GRE information (4,18,52) 
(figure 6). High intensity lesions have been described in the litera-
ture (53,58) in sequences with T1 information related to laminary 
necrosis, which signal intensity can be a product of the degradation 
of proteins. In some forms of periventricular leucomalacia one can 
see high-intensity images with T1 information and low intensity 
images in sequences with T2 information, attributable to micro-
calcification deposits, similar to those seen in the newborn baby.

•	Arachnoid and neuroepithelial cysts: Arachnoid cysts are extra-axial 
collections of cerebrospinal fluid (CSF), which are formed inside 
the layers of arachnoids. In The MRI, they are isointense to the CSF. 
Those which have an inter-hemispheric locations are associated with 
corpus callosum dysgenesis. The most frequently observed neuro-
epithelial cyst in the fetus and in the newborn baby is the choroid 
plexus cyst (35) (figure 7).

•	Cystic alterations of the posterior fossa and Chiari malformation: 
These alterations occur between the sixth and eighth weeks of 
pregnancy. The MRI helps evaluate the position of the tentorium 
and the morphology of the vermis (53), confirming the presence of 
cystic lesions and when performing an adequate differential diag-
nosis between Dandy-Walker, mega-cisterna magna and arachnoid 
cysts (figures 8 and 9).

Figure 7. Arachnoid cyst. 26-week old fetus. Coronary images (STIR) and sagittal images 
(BFFE) with T2 information, and axial T1 information. There is an interhemispheric extra-
axial cavity, with a signal intensity similar to CSF. It deforms the left frontal lobe. 

c

a

b
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Figure 8. Dandy-Walker variant. 37-week 
old fetus. Sagittal (BFFE) and axial images 
(BTFE SENSE) with T2 information. 
Dilatation of the fourth ventricle which 
fills the posterior fossa is seen, extending 
to the cisterna magna, with hypoplasia 
of the vermis (v) and small cerebellar 
hemispheres (*). 

Figure 9, Mega-cisterna magna. 30-week 
old fetus. Sagittal and axial images (BTFE) 
with T2 information which show a wide 
cisterna magna, with a posterior fossa and 
vermis with a normal morphology. 

Figure 10. Chiari II malformation. 28-week old fetus. Coronary images (SSh), sagittal images (SSh), and axial images (BTFE) with T2 information. There is a herniation of the brain stem 
and the cerebellum through the foramen magnum (*), with hydrocephalia (arrow head), thoracolumbar meyelomeningocele (arrow) and scoliosis.

a b

a b

a b

c

V
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Figure 11. Chiari II malformation. 
34-week old fetus. Axial and coronary 
images with T2 information. They show 
a herniation of the brain stem and 
cerebellum by foramen magnum (*). and 
low lumbar myelomeningocele (arrow). 

Figure 12. Encephalocele. Axial images with T2 information. 
Great cranial defect in the occipital region (dotted arrow), 
with protrusion in the cerebral tissue and meninges. 

The Chiari II malformation is included in the anomalies of the 
dorsal induction. These occur between the fourth and fifth weeks of 
pregnancy, and they are the product of the failure of the fusion of 
the neural tube, the cranium, and the backbone. These also include 
anenchephaly, the brain/myelomeningocele, flow development disor-
ders, anterior dysraphisms, among others (1). In the case of fetuses 
with Chiari II malformation, the fetal MRI is used to characterize 
the seriousness of the herniation of the rhombencephalon towards 
the cervical sub-arachnoid space, of the myelomeningocele, and the 
morphology of the vermis (59). 

The literature shows a certain incongruity in the value of the fetal 
MRI in the contribution of additional information in cases of spinal 
dysraphism (60). However, it is useful in the evaluation of the anatomy 
of the backbone when the fetus has the posterior dorsal, and during 
the search for associated cerebral anomalies (61,62) (figures 10-12). 

Conclusions
The MRI is a diagnostic modality performed as an additional 

technique when there is a suspicion of fetal alterations due to pre-

natal ultrasound. The MRI is mainly used to confirm and characterize 
alterations of the fetal CNS. Some of its advantages include the iden-
tification of additional anomalies which are hidden by the ultrasound. 
These findings are very important during surgical treatment and the 
prognosis of the fetus.

References

1.	 Herman-Sucharska I, Bekiesinska-Figatowska M, Urbanik A. Fetal central nervous 
system malformations on MR images. Brain Develop. 2009;31:185-99.

2.	 Barkovich AJ, Raybaud C. Pediatric neuroimaging. 4th ed. Philadelphia: Lippincott 
Williams & Wilkins; 2004.

3.	 Glenn OA. Fetal central nervous system MR imaging. Neuroimag Clin N Am. 
2006;16:1-17.

4.	 Dietrich RB, Cohen I. Fetal MR imaging. Magn Reson Imaging Clin N Am. 
2007;14:503-22.

5.	 Simon EM. MRI of the fetal spine. Pediatr Radiol. 2004;34:712-9.
6.	 Coakley FV. Role of magnetic resonance imaging in fetal surgery. Top Magn Reson 

Imaging. 2001;12:39-5. 
7.	 Shellock FG, Crues JV. MR procedures: biologic effects, safety, and patient care. 

Radiology. 2004;232:635-52.
8.	 De Wilde JP, Rivers AW, Price DL. A review of the current use of magnetic reso-

nance imaging in pregnancy and safety implications for the fetus. Prog Biophys 
Mol Biol. 2005;87:335-53.

a

b

a b



3750 Magnetic Resonance Imaging: Clinical Utility in the Evaluation of Fetal Central Nervous System. Serrano S., de Núbila E., Porras M., Basto L., Parra G.

9.	 Kok RD, de Vries MM, Heerschap A, et al. Absence of harmful effects of 
magnetic resonance exposure at 1.5 T in utero during the third trimester of 
pregnancy: a follow-up study. Magn Reson Imaging. 2004;22:851-4.

10.	 Glover P, Hykin J, Gowland P, et al. An assessment of the intrauterine sound 
intensity level during obstetric echo-planar magnetic resonance imaging. Br 
J Radiol. 1995;68:1090-4.

11.	 Baker P, Johnson I, Harvey P, et al. A three-year follow-up of children ima-
ged in utero with echoplanar magnetic resonance. Am J Obstet Gynecol. 
1994;170:32-3.

12.	 Kanal E, Gillen J, Evans JA, et al. Survey of reproductive health among fe-
male MR workers. Radiology. 1993;187:395-9.

13.	 National Radiological Protection Board. Principles for the protection of 
patients and volunteers during clinical magnetic resonance diagnostic proce-
dures: documents of the NRPB. London: HM Stationery Office; 1991. 

14.	 Kanal E, Barkovich AJ, Bell C, et al. ACR guidance document for safe MR 
practices. AJR Am J Roentgenol. 2007;188:1447-74. 

15.	 Runge VM. Safety of approved MR contrast media for intravenous injection. 
J Magn Reson Imaging. 2000;12:205-13.

16.	 Shellock F, Kanal E. Policies, guidelines, and recommendations for MR ima-
ging safety and patient management. SMRI Safety Committee. J Magn Res 
Imag. 199;1:97-1.

17.	 Glenn O, Barkovich A. Magnetic resonance imaging of the fetal brain and 
spine: an increasingly important tool in prenatal diagnosis. Part 2. Am J Neu-
roradiol. 2006;27:1807-14.

18.	 Dighe M. Fetal MR imaging. Ultrasound Clin. 2011;6:69-85.
19.	 Chen CP, Liu YP, Huang JK, et al. Contribution of ultrafast magnetic reso-

nance imaging in prenatal diagnosis of sonographically undetected cerebral 
tuberous sclerosis associated with cardiac rhabdomyomas. Prenat Diagn. 
2005;25:523-4.

20.	 Kline BM, Calvo MA, O’hara SM, et al. Twin-twin transfusion syndrome: 
cerebral ischemia is not the only fetal MR imaging finding. Pediatr Radiol. 
2007;37:47-56.

21.	 Borecky N, Gudinchet F, Laurini R, et al Imaging of cervico-thoracic 
lymphangiomas in children. Pediatr Radiol, 1995;25:127-30.

22.	 Doneda C, Parazzini C, Righini A, et al. Early cerebral lesions in cytomega-
lovirus infection: prenatal MR imaging. Radiology. 2010;255:613-21.

23.	 Benoist G, Salomon LJ, Mohlo M, et al. Cytomegalovirus-related fetal brain 
lesions: comparison between targeted ultrasound examination and magnetic 
resonance imaging. Ultrasound Obstet Gynecol. 2008;32:900-5.

24.	 Hollier LM, Grissom H. Human herpes viruses in pregnancy: cytome-
galovirus, Epstein-Barr virus, and varicella zoster virus. Clin Perinatol. 
2005;32:671-96.

25.	 Isaacs H Jr. Perinatal brain tumors: a review of 250 cases. Pediatr Neurol. 
2002;27:333-42.

26.	 Woodward PJ, Sohaey R, Kennedy A, et al. From the archives of the AFIP: a 
comprehensive review of fetal tumors with pathologic correlation. Radiogra-
phics. 2005;25:215-42.

27.	 Triulzi F, Manganaro L, Volpe P. Fetal magnetic resonance imaging: indica-
tions, study protocols and Safety. Radiol Med. 2011;116:337-50.

28.	 Kubik-Huch RA, Huisman TA, Wisser J, et al. Ultrafast MR imaging of the 
fetus. Am J Roentgenol. 2000;174:1599-606.

29.	 Kline-Fath BM, Calvo-García MA, O’Hara SM, et al. Water imaging (hy-
drography) in the fetus: the value of a heavily T2-weighted sequence. Pediatr 
Radiol. 2007;37:133-40.

30.	 Righini A, Bianchini E, Parazzini C, et al. Apparent diffusion coefficient 
determination in normal fetal brain: a prenatal MR imaging study. Am J Neu-
roradiol. 2003;24:799-804.

31.	 McKenzie CA, Levine D, Morrin M, et al. ASSET enhanced SSFSE imaging 
of the fetus. Proc. Int. Soc. Mag. Reson. Med. 2004;11:15-20.

32.	 Prayer D, Brugger P, Mittermayer C, et al. Diffusion-weighted imaging in 
intrauterine fetal brain development. Washington, DC: American Society of 
Neuroradiology; 2003.

33.	 Chung HW, Chen CY, Zimmerman RA, et al. T2-Weighted fast MR imaging 
with true FISP versus HASTE: comparative efficacy in the evaluation of nor-
mal fetal brain maturation. AJR Am J Roentgenol. 2000;175:1375-80.

34.	 Glenn OA, Barkovich AJ. Magnetic resonance imaging of the fetal brain and 
spine: an increasingly important tool in prenatal diagnosis, Part 1. AJNR Am 
J Neuroradiol. 2006;27:1604-11. 

35.	 Levine D. Atlas of fetal MRI. Boca Ratón, FL: Edition Taylor Francis 
Group; 2005.

36.	 Ghai S, Fong K, Toi A, et al. Prenatal US and MR imaging findings of 
lissencephaly: review of fetal cerebral sulcal development. RadioGraphics. 
2006:26;389-405. 

37.	 Girard N, Raybaud CH, Poncet M. In vivo MR study of brain maturation in 
normal fetuses. AJNR Am J Neuroradiol. 1995;16:407-13.

38.	 Viola A, Confort-Gouny S, Schneider JF. Is brain maturation comparable in 
fetuses and premature neonates at term equivalent age? Am J Neuroradiol. 
2011;32:1451-8.

39.	 Kline-Fath BM, Calvo-García MA. Prenatal imaging of congenital malfor-
mations of the brain. Semin Ultrasound CT MRI. 2011;32:167-88.

40.	 Kier EL, Truwit CL. The normal and abnormal genu of the corpus callosum: 
an evolutionary, embryologic, anatomic, and MR analysis. Am J Neuroradiol. 
1996;17:1631-41.

41.	 Kier EL, Truwit CL. The lamina rostralis: modification of concepts concerning the 
anatomy, embryology, and MR appearance of the rostrum of the corpus callosum. 
Am J Neuroradiol. 1997;18:715-22.

42.	 Adamsbaum C, Moutard M, Andre C, et al. MRI of the fetal posterior fossa. Pediatr 
Radiol. 2005;34:124-40.

43.	 Robinson AJ, Blaser S, Toi A, et al. The fetal cerebellar vermis assessment for 
abnormal development by ultrasonography and magnetic resonance imaging. Ultra-
sound Q. 2007;23:211-23.

44.	 Triulzi F, Parazzini C, Righini A. Magnetic resonance imaging of fetal cerebellar 
devleopment. Cerebellum. 2006;5:199-205.

45.	 Chen S, Simon E, Haselgrove J, et al. Fetal posterior fossa volume: assessment 
with MR imaging. Radiology. 2006;238:997-1003.

46.	 Garel C. MRI of the fetal brain. 1th ed. Berlin: Springer; 2004.
47.	 Cardoza JD, Goldstein RB, Filly RA. Exclusion of fetal ventriculomegaly with 

a single measurement: the width of the lateral ventricular atrium. Radiology. 
1988;169:711-4.

48.	 Ouahba J, Luton D, Vuillard E, et al. Prenatal isolated mild ventriculomegaly: 
outcome in 167 cases. BJOG. 2006;113:1072-9.

49.	 Falip C, Blanc N, Maes E, et al. Postnatal clinical and imaging follow-up of infants 
with prenatal isolated mild ventriculomegaly: a series of 101 cases. Pediatr Radiol. 
2007;37:981-9.

50.	 Girard N, Raybaud C. Ventriculomegaly and pericerebral CSF collection in the fetus: 
early stage of benign external hydrocephalus? Childs Nerv Syst. 2001;17:239-45.

51.	 Fogliarini C, Chaumoitre K, Chapon F, et al. Assessment of cortical maturation with 
prenatal MRI: Part 1—normal cortical maturation. Eur Radiol. 2005;15:1671-85.

52.	 Glenn OA, Coakley FV. MRI of the fetal central nervous system and body. Clin 
Perinatol. 2009;36:273-300.

53.	 Raybaud C, Levrier O, Brunel H, et al. MR imaging of fetal brain malformations. 
Childs Nerv Syst. 2003;19:455-70.

54.	 Sonigo PC, Rypens FF, Carteret M, et al. MR imaging of fetal cerebral anomalies. 
Pediatr Radiol. 1998;28:212-22.

55.	 Tang PH, Bartha AI, Norton ME, et al. Agenesis of the corpus callosum: an MR 
imaging analysis of associated abnormalities in the fetus. AJNR Am J Neuroradiol. 
2009;30:257-63.

56.	 Glenn O, Goldstein R, Li K, et al. Fetal MRI in the evaluation of fetuses referred 
for sonographically suspected abnormalities of the corpus callosum. J Ultrasound 
Med. 2005;24:791-804.

57.	 d’Ercole C, Girard N, Cravello L, et al. Prenatal diagnosis of fetal corpus callo-
sum agenesis by ultrasonography and magn tic resonance imaging. Prenat Diagn. 
1998;18:247-53. 

58.	 Garel C, Delezoide AL, Elmaleh-Berges M. Contribution of fetal MR ima-
ging in the evaluation of cerebral ischemic lesions. AJNR Am J Neuroradiol. 
2004;25:1563-8. 

59.	 Brisse H, Fallet C, Sebag G, et al. Supratentorial parenchyma in the developing 
fetal brain: in vitro MR study with histologic comparison. Am J Neuroradiol. 
1997;18:1491-7.

60.	 Appasamy M, Roberts D, Pilling D, et al. Antenatal ultrasound and magnetic reso-
nance imaging in localizing the level of lesion in spina bifida and correlation with 
postnatal outcome. Ultrasound Obstet Gynecol. 2006;27:530-6.

61.	 Gilbert JN, Jones KL, Rorke LB, et al. Central nervous system anomalies associa-
ted with meningomyelocele, hydrocephalus and the Arnold-Chiari malformation: 
reappraisal of theories regarding the pathogenesis of posterior neural tube closure 
defects. Neurosurgery. 1986;18:559-64.

62.	 Wolpert SM, Anderson M, Scott RM, et al. Chiari II malformation: MR imaging 
evaluation. AJR Am J Roentgenol. 1987;149:1033-42.

Address
Saray María Serrano Montes
Departamento de Resonancia Magnética, Cediul S. A.
Calle 70B # 41-43
Telephone: 330 8900
Barranquilla, Colombia
Sarayser23@yahoo.es

Received for evaluation: February 22, 2013
Accepted for evaluation: May 17, 2013


