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Summary : Magnetic resonance (MR) images were compared with histological and
anatomical observations in 31 fetuses ranging from 10 to 25 weeks gestation to study the
relationship between MR images and the development of the neopallium during the second
trimester.

T1 weighted MR images and T2 weighted MR images taken within 8 hours after delivery
were compared with H. E. stained histological slices. On T1 weighted MR images after 18
weeks gestation, the neopallium consisted of four layers which appeared as areas of high,
relatively high, low and high signal intensity, respectively, from the ventricular side to the
brain surface. These layers corresponded to the ventricular zone, the subventricular zone,
the intermediate zone and the cortical plate respectively. On T2 weighted images, these
areas appeared only as three layers of low, relatively low and high signal intensity ,
respectively, from the ventricular side, and the most lateral layer was not distinct from the
adjacent layer. Beyond 14 weeks gestation, the ganglionic eminence showed almost the
same signal intensity as the ventricular zone.

The visualization of the primary fissures by MR images was compared with reported
anatomical studies in all fetuses, and with anatomical sections from 18 fetuses. These
studies revealed little variation in the time of the first appearance of primary fissures,
except that there was a few weeks delay on MR imaging (MRI) of mesially located fissures.

Thus MRI was confirmed to be useful in estimating the development of the fetal brain on
the basis of imaging of the laminal structures of the neopallium and the appearance of
primary fissures.
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Fig. 1. Sampling regions of the ganglionic eminence(GE) and the intermediate zone(IMD.
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Table 2. Distribution of cases according to numbers of layers identified on T1
weighted and T2 weighted MR images
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n=number of fetuses; T1=T1 weighted images; T2=T2 weighted images
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Table 3. Development of sulci and fissures : Identification on MRI
Gestational Number of identified cases on MRI
age (weeks)  Interhemispheric  Sylvian Parietoccipital ~ Calcarine Callosal Cingulate
fissure fissure sulcus sulcus sulcus sulcus
10—11 (n=5) 2 2 0 0 0 0
12—13 (n=7) 5 4 0 0 0 0
14—15 (n=3) 3 3 1 0 0 0
16—17 (n=6) 6 6 4 1 2 0
18—19 (n=4) 4 4 4 2 3 1
20—21 (n=3) 3 3 3 3 2 2
22—23 (n=2) 2 2 2 2 1 1
24—25 (n=1) 1 1 1 1 1 1
n=number of fetuses
Table 4. Development of sulci: Identification on MRI
Numbers of identified cases on MRI
Gestational Central Precentral Superior Inferior Intraparietal
age (weeks) sulcus sulcus frontal sulcus  frontal sulcus sulcus
R L R L R L R L R L
10—11 (n=5) 0 0 0 0 0 0 0 0 0 0
12—13 (n=7) 0 0 0 0 0 0 0 0 0 0
14—15 (n=3) 0 0 0 0 0 0 0 0 0 0
16—17 (n=6) 0 0 0 0 0 0 0 0 0 0
18—19 (n=4) 0 0 0 0 0 0 0 0 0 0
20—21 (n=3) 2 1 0 0 0 1 0 1 0 0
22—23 (n=2) 1 1 0 0 1 1 1 1 0 0
24—25 (n=1) 1 1 1 1 1 1 1 1 1 1
n=number of fetuses; R:right; L=left
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Table 5. Comparison of identification of sulci and fissures between
anatomical observation and MRI

Number of cases

Sulcus & Fissure

Identified anatomically

discrepancy between
anatomical observation and MRI

Interhemispheric f. 18
Sylvian f. 12
Parietooccipital s. 10
Calcarine s. 9
Callosal s. . 10
Cingulate s. 7
Central s. 5
Precentral S. 1
Superior frontal s. 2
Inferior frontal s. 2
Intraparietal s. 1

9%
Qx*
0
2%
4*
3*
1*

o o o ©

*identified only on anatomical observation

* *identified only on MRI
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Fig. 2. A fetus at 11 weeks gestation. A: An axial T1 weighted image at the level of the lateral
ventricles. B: An axial T2 weighted image at the same level. C: An axial slice at the same level
stained with H. E.. D: Microscopic appearance of the area in the square on (C).

The neopallium appears as a high signal intensity layer on a T1 weighted image (A) and as
a low signal intensity layer on a T2 weighted image (B). Histologically, the neopallium consists
of five laminal zones: VT : ventricular zone, SV : subventricular zone, IM : intermediate zone,
CP: cortical plate and ML : marginal layer.
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Fig. 3. A fetus at 16 weeks gestation with a subdural hematoma. A : An axial T1 weighted image at the
level of the lateral ventricles. B : An axial T2 weighted image at the same level. C: An axial slice
stained with H. E.. D : Microscopic appearance of the area in the square on (C).

On a T1 weighted image (A), the neopallium appears as three layers of high(a), low(b) and
high signal intensity (c), respectively, from the ventricular side to the brain surface. These layers
corresponded to the periventricular zone (VT+SV), IM and CP histologically (C,D). On a T2
weighted image (B), the neopallium appears as two layers with low signal intensity (d) on the
ventricular side and with high signal intensity (e) on the side toward the brain surface. These
corresponded to the periventricular zone and IM histologically (C, D). On the T2 weighted image,
it is difficult to recognize the zone corresponding to CP (B).
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Fig. 4. A fetus at 19 weeks gestation. A: An axial T1 weighted image at the level of the lateral |
ventricles. B: An axial T2 weighted image at the same level. C: An axial slice stained with H.
E., D: Microscopic appearance of the area in the square on (C).
On a T1 weighted image, the neopallium consisted of four layers of high (a’), relative high
(a”), low (b) and high (c) signal intensity, respectively, from the ventricular side to the brain
surface (A). These layers corresponded to VT, SV, IM and CP histologically (C, D). On a T2
weighted image, the neopallium consisted of three layers of low(d"), relative low (d”) and high
signal intensity (e), respectively, from the ventricle (B). These corresponded to VT, SV and IM
histologically (C, D). On the T2 weighted image, it is difficult to recognize the zone correspond-
ing to CP (B).
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Fig. 5. A fetus at 16 weeks gestation. A: An
axial T1 weighted image at the level of
the third ventricle. B: An axial T2
weighted image. C: An axial slice
stained with H. E..

The ganglionic eminences (arrow-
heads on C) appear as an area of high
signal intensity on T1 weighted image
(arrow on A) and as an area of low
signal intensity on T2 weighted image
(arrow on B).

Fig. 6. T1 weighted images demonstrating the development of the interhemispheric fissure. A and B: A
fetus at 11 weeks gestation. C and D : A fetus at 17 weeks gestation. E and F : A fetus at 19 weeks
gestation.

The interhemispheric fissure (arrow) can already be detected even in fetus at 11 weeks
gestation on axial images at the level of the centrum semiovale (A, C and D) and on coronal
images (B, D and F).
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Fig. 7. Axial T1 weighted images at the level of
the third ventricle demonstrating the
development of the Sylvian fissure.

A A fetus at 12 weeks gestation. B: A
fetus at 17 weeks gestation. C: A fetus
at 21 weeks gestation.

The Sylvian fissures appear as
Sylvian fossas at 12 weeks gestation
(asterisk). Formation of the insula and
opelculum is revealed in a fetus at 21
weeks gestation.

Fig. 8. Saggittal T1 weighted images demonstrating the development of the parietooccipital sulcus and
the calcarine sulcus.
A': A fetus at 12 weeks gestation. B: A fetus at 16 weeks gestation. C: A fetus at 17 weeks
gestation. D: fetus at 25 weeks gestation.
The parietooccipiotal sulcus is indicated by arrow (B, C and D). The calcarine sulcus is
indicated by arrowheads (C and D).

Fig. 9. Coronal T1 weighted images demonstrating the development of the callosal sulcus and the
cingulate sulcus.
A and B: A fetus at 18 weeks gestation. C and D : Afetus at 25 weeks gestation.
The callosal Sulcus is shown by the arrow.
The cingulate sulcus is indicated by the arrowhead.
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Fig. 11
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Fig. 10. Axial T1 weighted images demonstrating the development of the central sulcus and the
precentral sulcus.
A and B: A fetus at 17 weeks gestation. C and D : A fetus at 21 weeks gestation. D and E: A
fetus at 25 weeks gentation.
The central sulcus is indicated by the small arrow (C and F). The precentral sulcus is
indicated by the large arrow (E and F)

Fig. 11. Coronal T1 weighted images demonstrating the development of the superior frontal sulcus and
the inferior frontal sulcus. A and B : A fetus at 18 weeks gestation. C and D : A fetus at 23 weeks
gestation. E and F: A fetus at 25 weeks gestation.

The superior frontal sulcus is indicated by the large arrow (C, D and F). The inferior frontal
sulcus is indicated by the small arrow (C, D, E and F).

Fig. 12. Coronal T1 weighted images demonstrating the development of the intraparietal sulcus.
A A fetus at 21 weeks gestation. B: A fetus at 25 weeks gestation.
The intraparietal sulci are visible on both sides of the image of the 25 week fetus (arrows)
(B), but not on the image of the 21 week fetus (A).
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Fig. 13. Microscopic appearance of the ganglionic eminence.
Many granular cells and capillaries are visible but connective tissue is scarce

(H.E. x90).
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Fig. 14. Development of sulci and fissures.



