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Introducción

• Las anomalías del desarrollo cortical (ADC) 
corresponden a anomalías poco frecuentes, pero las 
podemos encontrar en el 25% de niños y adultos con 
trastornos epilépticos. 

• Existen 3 fases en el desarrollo del SNC las cuales 
que se sobreponen.  

• Se inician a las 7 semanas de gestación para 
conseguir la estructura normal del córtex cerebral 
que tiene 6 capas y está plenamente organizado.
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Evaluación Ecográfica del Desarrollo 
Cortical 

• Presencia 

• Apariencia (grado 
de madurez)
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Cisuras Primarias Aparece Se identifica Localización

Silvio 18 20

Parieto-Occipital 18 20

Calcarina 20 22

Cingulada 23 24

Temporal superior 26 28

Evaluación ecográfica



Evaluación RM del Desarrollo Cortical 

• La RM a pesar de tener menor resolución espacial, nos permite ver de 
manera correcta el córtex en todas las edades gestacionales. 

• La ecografía nos permite ver correctamente el córtex hasta las 26-28 
semanas (luego limitada por osificación de la calota).
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Evaluación resonancia magnética

25-2622-2319-20 36-3732-3328-29



Anomalías en la Proliferación  
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2. Anomalías proliferación

Perímetro cefálico

<3 desviaciones estándar 

microcefalia

> 3 desviaciones estándar

macrocefalia

�Signos ecográficos  de anomalías primarias o adquiridas

�Hallazgos asociados orientaran patología subyacente
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microcefalia

1:6000-1:10000 nacimientos

�Primaria:
�Síndromes genéticos

�Smith-Lemli-Opitz
�Meckel-Gruber

�Anomalías cromosómicas
�Adquirida:

�Infecciones (CMV, Toxoplasma)
�Tóxicos (alcohol)
�Enfermedades maternas

 

•Neurosonografía

•Ecografía morfológica detallada

•Cariotipo (estudio mutaciones específicas)

•Serologías (CMV, Toxoplasma)

•Estudios específicos patología sospechada

Persutte W H. Ultrasound Obstet Gynecol 1998;11:317–318

•A partir del segundo trimestre

•Aplanamiento frontal

•Calcificaciones -> Infecciones

•ACC/holoprosencefalia -> Smith-Lemli-Opitz

•Encefalocele/anomalías cerebelosas -> Meckel-Gruber
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macrocefalia

�Primaria:

�Benigna familiar

�Síndromes con macrosomía

�Sotos

�Weaver

�Displasias esqueléticas

�Neurofibromatosis

�X frágil

�Secundaria: Hidrocefalia

 

•Neurosonografía

•Ecografía morfológica detallada

•Valorar aspecto familiar

•Cariotipo (estudio mutaciones especificas)

•Estudios específicos patología sospechada

•Espacio subaracnoideo prominente

•Ventriculomegalia severa -> Hidrocefalia

•Frontal prominente -> Displasias esqueléticas

�50% de los casos

�AD

�Historia familiar previa

�Ratio ♂:♀ 4:1

�Aumento espacio subaracnoideo

�Buen pronóstico
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hemimegalencefalia

�Sobrecrecimiento de un hemisferio cerebral

�Aislado (50%) o asociado a síndromes neurocutaneos

�Clínica:

�Convulsiones

�Hemiparesia

�Retraso mental

�Hemihipertrofia en resto del cuerpo

•Hemisferio afectado:

•Aumento de volumen

•Ventriculomegalia

•Anormalidades patrón cortical

•Engrosamiento córtex
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tuberosis esclerosa

�Harmatomas multisistémicos

�AD heterogénea, 70% casos de novo

�Clínica neurológica:

�Convulsiones

�Retraso mental

�Clínica extra-SNC: rabdomiomas cardíacos, 

• Difícil visualización ecográfica, útil RM:

•Túberes corticales

•Nódulos subependimales

• Espectroscopia puede ser útil

Sanz-Cortés M et al. Ultrasound Obstet Gynecol. 2010 Oct;36(4):522-4
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Anomalías en la Migración  
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lisencefalia tipo 2 lisencefalia tipo 1

  

� Primaria: mutaciones/delecciones específicas
� Sd.Miller-Decker
� Lisencefalia ligada al cr X

� Secundaria: hipoxia, infecciones

� Primaria: mutaciones/delecciones específicas
�Sd. Walker-Warburg

� Secundaria: hipoxia, infecciones

32 semanas

•Retraso/ausencia aparición cisuras

•Ventriculomegalia
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� Primaria:
� Esporádica
� Mutaciones específicas

� Secundaria

heterotopia

 

� 40% pacientes epilepsia intratable

� Tres tipos:
�Subventricular
�Cortical 
�En banda

•Nódulos periventriculares: Paredes ventriculares irregulares
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Anomalías en la Organización  
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� Primaria:
�Aislada
�Anomalías genéticas

� Secundaria: 
�Hipoxia
�Anomalías vasculares
�Teratógenos
�Infecciones

polimicrogiria

 

•Pequeños surcos anómalos

•Puede aparecer en cualquier 
localización

•Difícil valoración mediante ecografía

•Suele asociar otras anomalías SNC

�Gran espectro de manifestaciones

�Retraso mental

�Disfunción motora

�Epilepsia

�Dificultad respiratorias y succión
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� Primaria:
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esquizencefalia

�Unilateral: 

�Epilepsia resistente al tratamiento

�Bilateral: 

�Secuelas graves

�Epilepsia poco frecuente

•Defecto tejido cerebral

•Cubierto por córtex (dd porencefalia)

•Suelen asociar otras anomalías SNC

labio abierto labio cerrado
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Evaluación del Desarrollo Cortical 

La evaluación del desarrollo cortical por ultrasonido y 
resonancia magnética (RM) es básicamente la misma, 
sólo que los planos difieren un poco entre ambas 
herramientas.

Actualmente existen dos técnicas principales para  la 
evaluación del desarrollo cortical, que son:

-  Medida de Profundidad 
-  Grado de madurez.



Evaluación del Desarrollo Cortical US 
Medida de Profundidad 

OBJETIVO
Rangos de referencia normales para la ínsula, FS, FPO, FC entre las 19-30+6 
sem para mejorar y simplificar la detección temprana de los trastornos de la 
migración cerebral fetal



Medida de profundidad

Incluye: 
- Cisura de Silvio, 
- Surco parieto-occipital, 
- Surco de cingulado y 
- Surco de calcarina

Evaluación del Desarrollo Cortical US 
Medida de Profundidad 



Medida de profundidad

Incluye: 
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Se mide en corte axial, plano transventricular
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Ultrasound Obstet Gynecol 2010; 36: 693–699 



Medida de profundidad

Incluye: 
- Cisura de Silvio 
- Surco parieto-occipital
- Surco de cingulado y 
- Surco de calcarina

Se mide en corte axial, plano ligeramente superior al
plano transventricular 

Evaluación del Desarrollo Cortical US 
Medida de Profundidad 

Ultrasound Obstet Gynecol 2010; 36: 693–699 



Medida de profundidad

Incluye: 
- Cisura de Silvio 
- Surco parieto-occipital
- Surco de cingulado 
- Surco de calcarina

degree starting the measurement at the external border of the cortex and terminating at the 

internal border of the cranium.  

Parieto-occipital sulcus depth (b) was 

measured in a slightly superior plane above 

transventricular plane (landmarks: Cavum 

septi pellucidi [if possible, might be 

challenging], posterior horns [might not be 

visible because plane is showing the roof of 

ventricle], parieto-occpital sulcus in its 

maximum development and as symmetric as 

possible with the base starting from midline) 

starting a perpendicular line from midline and ending at the apex of the fissure without including 

de cortex at any maturation stage (during shallow, triangular and closed or line form [here the 

same cortical thickness, which is seen for example at the base of the sulci has to be excluded from 

the measurement].  

Coronal planes 

To measure the cingulate sulcus depth (c) 

transthalamic plane in the coronal view was 

used (landmarks: anterior horns, thalami, 

temporal lobes, at the point of maximum 

development, but not to occipital, choose the 

plane of a most horizontal head position as 

possible and avoid planes of for example 

anteflexed head positions). From the midline, a 

perpendicular line should be drawn until the 

apex of the cingulate sulcus without including 

the cortex at any maturation stage (during shallow, triangular and closed or line form [here the 

same cortical thickness, which is seen for example at the base of the sulci has to be excluded from 

the measurement].  

 

b) 

c) 

Plano transtalámico en la vista coronal

Evaluación del Desarrollo Cortical US 
Medida de Profundidad 

Ultrasound Obstet Gynecol 2010; 36: 693–699 



Medida de profundidad

Incluye: 
- Cisura de Silvio 
- Surco parieto-occipital
- Surco de cingulado y 
- Surco de calcarina

Calcarine sulcus (d) also has to be measured in 

the coronal view using the transcerebellar plane 

(landmarks: using the first plane coming from 

the frontal brain were the complete cerebellum 

is visible and both posterior horns of the lateral 

ventricles are seen, choose the plane of a most 

horizontal head position as possible and avoid 

planes of inflection of the head, the cerebellum 

should occupy the caudal part of this view and 

not to cranial or disappear [as sign of inflection of the head]) and tracing a perpendicular line 

from midline to the apex of the sulcus not including the cortex at any maturation stage (during 

shallow, triangular and closed or line form [here the same cortical thickness, which is seen for 

example at the base of the sulci has to be excluded from the measurement].  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d) 

Vista coronal usando el plano transcerebeloso

Evaluación del Desarrollo Cortical US 
Medida de Profundidad 

Ultrasound Obstet Gynecol 2010; 36: 693–699 



●Describir la progresión y la simetría del desarrollo cortical fetal utilizando un sistema 
de puntuación simple. 
● Evaluar la reproducibilidad de este sistema de puntuación.
● Examinar cuál modalidad (ecografía bidimensional (2D) o tridimensional (3D))  sería 

más adecuada para evaluar el desarrollo cortical fetal.

Evaluación del Desarrollo Cortical US 
Grado de Madurez



Grado de Madurez

Incluye áreas:
-Frontal
-Parietal 
-Temporal
-Mesial  
-Occipital

Incluye surcos:
- Cisura de Silvio 
- Surco parieto-occipital 
- Surco cingulado 
- Surco calcarino

Evaluación del Desarrollo Cortical US 
Grado de Madurez



 

Grading 

Includes: areas (Frontal, parietal, temporal, mesial and occipital area) and sulci (Sylvian fissure, 

Parieto-occipital, superior temporal, cingulate and calcarine sulcus) 

First left and right side of hemispheres must be identified (pay attention to cephalic or breech 

position, sagittal views are especially difficult to lateralize) and symmetry of both hemispheres 

and fissures should be checked. If symmetry is not ideal, for example in cases of oblique position 

of fetuses, ideal plane for each side of the fissure should be chosen even if different. Attention 

must be payed, when deciding which area and sulcus can be seen sufficiently to be graded, what 

means if throughout to much shadowing the cortex can’t be seen, decision if maturation is 0 or 

the sulci are just hidden can’t be made (in most cases evaluation is impossible of proximal 

hemisphere of the axial planes; difficult can be evaluation of: frontal area of distal hemisphere in 

axial planes, and frontal and parietal area of sagittal views and central sulcus of sagittal views). 

 

 

Axial Transthalamic plane (Biparietal plane) 

(Landmarks: landmarks: Frontal lobes, Cavum 
septi pellucidi, Thalami, Insula, Diencephalon, 
temporal lobes, according to ISUOG-Guidlines) 

• Sylvian fissure 
• Superior temporal sulcus 
• Frontal area  
• Temporal area 

 

 

 

 

 

 

 

 

 

Axial plane cephaled to the transventricular plane 

Superior temporal   
sulcus 

Plano transtalámico axial (plano biparietal)

• Cisura de Silvio
•   Surco temporal superior
•   Área frontal
•  Área temporal

Ultrasound Obstet Gynecol 2010; 36: 700–708 
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(Landmarks: Frontal lobes, Cavum septi 
pellucidi, roof lateral ventricles , parieto-
occipital sulci)  

• Frontal area  

• Parietal area 

• Parieto-occipital sulcus 

• Central sulcus 

 

 

 

 

 

 

 

Coronal transthalamic plane 

(Landmarks: Anterior horns of lateral ventricles, 
Cavum septi pellucidi, temporal lobes) 

•  Cingulate sulcus 

•  Mesial area (MA) 

  

  

 

 

 

 

 

 

 

 

 

 

 

Central sulcus 

Central sulcus 

Corte axial, plano ligeramente superior al
plano transventricular 

• Área frontal
• Área parietal
• Surco parieto-occipital
• Surco central

Evaluación del Desarrollo Cortical US 
Grado de Madurez
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Plano transcaudado y transtalámico coronal

(Landmarks: Frontal lobes, Cavum septi 
pellucidi, roof lateral ventricles , parieto-
occipital sulci)  

• Frontal area  

• Parietal area 

• Parieto-occipital sulcus 

• Central sulcus 

 

 

 

 

 

 

 

Coronal transthalamic plane 

(Landmarks: Anterior horns of lateral ventricles, 
Cavum septi pellucidi, temporal lobes) 

•  Cingulate sulcus 

•  Mesial area (MA) 

  

  

 

 

 

 

 

 

 

 

 

 

 

Central sulcus 

Central sulcus 

• Surco cingulado
•  Área mesial (MA)

Evaluación del Desarrollo Cortical US 
Grado de Madurez
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Plano transcerebeloso coronal

• Surco calcarino
•  Área occipital (OA)

Coronal transcerebellar plane 

(Landmarks: complete cerebellum needs to be 
visible and both posterior horns of the lateral 
ventricles need to be seen, pay attention not to 
confuse with parieto-occipital sulcus) 

•  Calcarine suclus 

•  Occipital area (OA) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By MRI 
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●Describir la progresión y la simetría del desarrollo cortical fetal utilizando un sistema 
de puntuación simple. 
● Evaluar la reproducibilidad de este sistema de puntuación.
● Examinar cuál modalidad (ecografía bidimensional (2D) o tridimensional (3D))  sería 
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Evaluation of cortical development using 2D and 3D ultrasound 701

were excluded if there was a discrepancy of 7 days or
more between the gestational age according to the CRL
and the menstrual dating, or if there were risk factors
which might influence fetal growth or development,
such as maternal disease or previous intrauterine growth
restriction. The study was approved by the local Medical
Ethics Committee of the University Medical Centre,
Utrecht, The Netherlands.

Ultrasound examinations were carried out at 2-weekly
intervals using a GE Voluson 730 Expert (GE Healthcare,
London, UK). Biometry (including fetal head circumfer-
ence, abdominal circumference and femur length) was
performed, followed by neurosonography if the biometry
conformed to the gestational age. Transabdominal neu-
rosonography was performed with 2D (2.6–7.7 MHz)
and 3D (4.0–8.5 MHz) abdominal probes. Before the first
examination, transabdominal neurosonography was ran-
domly assigned to start with either 2D or 3D ultrasound.
Subsequently, the examination was started alternatively
with 2D or 3D ultrasound. All ultrasound examinations
were performed by one observer (L.P.). On 2D ultra-
sound, the operator attempted to obtain the standard
axial planes18, the coronal and sagittal neurosonographic
planes18,19 and a plane cephalad to the transventricular
plane to demonstrate the parieto-occipital fissure10. Three
images of each plane were stored digitally for subsequent
evaluation. The position of the fetus (right side or left
side anterior) was noted. On 3D ultrasound, three static
volumes were obtained with high to maximum quality
(depending on the amount of fetal movement): the first
starting with the axial transventricular plane20, the sec-
ond starting with the axial transcerebellar plane and the
third starting with the midcoronal plane. If a midsagittal
plane could be obtained, a fourth volume was obtained
starting with this plane. The angle was chosen to include
the maximum amount of fetal brain that could be visu-
alized, but was kept as narrow as possible to shorten the
scanning time. If fetal movement was observed during the
volume acquisition, the volume was acquired again. The
times used for 2D and 3D ultrasound examinations were
recorded.

A subjective score ranging from Grade 0 (no
development) to Grade 5 (maximum development)
(Figures 1–3) was modified from scores used for MRI8

and ultrasound analysis10,14 of cortical development and
used to assess the development of the Sylvian and parieto-
occipital fissures, the calcarine, superior temporal, central
and cingulate sulci, and the frontal, parietal, temporal,
occipital and mesial cortical areas. The development of
the parieto-occipital and central sulci and frontal and
parietal areas were evaluated in the axial plane cephalad
to the transventricular plane, the Sylvian fissure and
superior temporal sulci, frontal and temporal areas in
the transventricular axial plane, the cingulate sulcus and
mesial area in the midcoronal planes, the calcarine sulcus
and occipital areas in the coronal transcerebellar plane,
and the central sulcus, frontal and parietal areas in the
parasagittal oblique plane (Figure 4) on the recorded
2D images and 3D volumes separately. Evaluation of

Grade Definition & diagram Example

0 None visible

1 Earliest changes (shallow
indentation or echogenic dot)

2 Broad V (width ≥ depth)

3 Y or narrow V (depth > width)

4 I-or J-shaped

5 Branched 

< 60°

= =

=

Figure 1 Cortical grading of the calcarine sulcus, the same grading
being applicable to the parieto-occipital, calcarine, cingulate,
superior temporal and central sulci.

stored images and volumes was performed using 4DView
version 7.0 (GE Healthcare); 3D images were reoriented
to facilitate identification of the right and left sides21.

An attempt was made to grade both left and right sides
at each examination. The quality of the images was graded
subjectively (0 = not performed or impossible to evaluate,
1 = barely acceptable, 2 = suboptimal, 3 = average, 4 =
better than average, 5 = excellent), and the time spent on
the analyses was also recorded.

The infants were examined clinically after birth and
during routine follow-up visits at the ages of 1, 3, 6 and
11 months.

Data management and statistical analysis were per-
formed using SPSS version 16.0 for Windows (SPSS Inc.
Chicago, IL, USA). Mixor version 2 (Donald Hedeker,
Chicago, IL, USA) was used for analysis of categori-
cal variables. The time spent on 2D and 3D ultrasound
examination and analysis was compared with a paired
t-test. The study would be able to detect a 5-min differ-
ence in duration of 2D or 3D ultrasound examination
with a power of 90% and α = 0.05 (two-tailed) (InStat
(1993), Graphpad Software, Inc., La Jolla, CA, USA). The
proportion of ‘missing values’ or structures not visualized
well enough to be graded reliably on 2D or 3D ultrasound
examination was compared with Fisher’s exact test. The
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Grade Definition & diagram Example

1 Shallow indentation

2 Obtuse angular shape

3 Acute angles, < 50%
operculization

4 ≥ 50% operculization

5 Complete operculization

x

y

Figure 2 Cortical grading of the Sylvian fissure.

study would also be able to detect an 8% difference in
the proportion of structures visualized reliably with 2D
or 3D ultrasound examination with a power of 80%
and α = 0.05 (two tailed). The gestational age at the first
appearance of each grade was calculated. We used multi-
level analysis (mixed-model option) to identify variables
with an independent effect on the time course of cortical
development and to construct predictive curves with 95%
prediction intervals.

Asymmetry was defined as a difference of at least one
grade between the left and right sides on 3D ultrasound.
If both sides could not be seen in the majority of
examinations, asymmetry was defined as a significant
difference (by the Mann–Whitney U-test) in gestational
age at which each grade of cortical development was first
seen.

One examination per week was randomly selected for
analysis of intraobserver and interobserver variation. The
analysis was performed by a second observer (G.M.) and
reperformed by the first observer, without being aware of
the first grades. The kappa statistic and Spearman’s rho
were calculated for the intraobserver and interobserver
variation.

RESULTS

Two-hundred and fifteen ultrasound examinations were
performed in 28 patients at a gestational age from a
median of 22 (range 20–25) weeks to a median of 37
(range 33–40) weeks. Two patients were excluded from
the study and replaced with other patients: the first when

Grade Definition & diagram Example

0 None visible

1 Shallow undulation

2 Gyral width > depth

3 Gyral width = depth

4 Gyral depth > width

5 Branched gyri-/-sulci

Figure 3 Cortical grading of gyration: frontal, parietal, temporal,
occipital and mesial.

multiple choroid plexus cysts were found at the first
examination, and the second because of hospitalization
in a different hospital for symptomatic placenta previa.
Delivery of infants in the study occurred at a median
of 39 weeks and 6 days (range, 37 weeks and 0 days
to 42 weeks and 0 days). The median birth weight was
3563 (range, 2360–4100) g. There were 12 male and 16
female infants, one of whom developed multiple endocrine
neoplasia (type IIb) syndrome, and the others were all alive
and well at the time of writing.

The time spent performing 2D and 3D ultrasound
scans is shown in Table 1. The grade could be assessed
in 68% of the fissures, sulci and cortical areas with 2D
ultrasound scans and in 70% with 3D ultrasound scans
(Fisher’s exact test P = 0.1). Both 2D and 3D scans had
a mean quality score of 3 (SD, 1) and were significantly
correlated (Spearman rho 0.53, P < 0.01). The means for
the quality scores were not significantly different (paired
t-test, P = 0.89). The examinations randomly selected for
the interobserver variation also had a mean quality score
of 3 for both 2D and 3D scans.

Grading scores by 2D and 3D ultrasound were highly
correlated (Spearman’s rho, 0.92–0.97 for the different
sulci and 0.95–0.97 for the different cortical areas for
the first observer, n = 215; and 0.92–1.0 and 0.98–1.0,
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Figure 2 Cortical grading of the Sylvian fissure.

study would also be able to detect an 8% difference in
the proportion of structures visualized reliably with 2D
or 3D ultrasound examination with a power of 80%
and α = 0.05 (two tailed). The gestational age at the first
appearance of each grade was calculated. We used multi-
level analysis (mixed-model option) to identify variables
with an independent effect on the time course of cortical
development and to construct predictive curves with 95%
prediction intervals.

Asymmetry was defined as a difference of at least one
grade between the left and right sides on 3D ultrasound.
If both sides could not be seen in the majority of
examinations, asymmetry was defined as a significant
difference (by the Mann–Whitney U-test) in gestational
age at which each grade of cortical development was first
seen.

One examination per week was randomly selected for
analysis of intraobserver and interobserver variation. The
analysis was performed by a second observer (G.M.) and
reperformed by the first observer, without being aware of
the first grades. The kappa statistic and Spearman’s rho
were calculated for the intraobserver and interobserver
variation.

RESULTS

Two-hundred and fifteen ultrasound examinations were
performed in 28 patients at a gestational age from a
median of 22 (range 20–25) weeks to a median of 37
(range 33–40) weeks. Two patients were excluded from
the study and replaced with other patients: the first when

Grade Definition & diagram Example
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1 Shallow undulation

2 Gyral width > depth

3 Gyral width = depth

4 Gyral depth > width

5 Branched gyri-/-sulci

Figure 3 Cortical grading of gyration: frontal, parietal, temporal,
occipital and mesial.

multiple choroid plexus cysts were found at the first
examination, and the second because of hospitalization
in a different hospital for symptomatic placenta previa.
Delivery of infants in the study occurred at a median
of 39 weeks and 6 days (range, 37 weeks and 0 days
to 42 weeks and 0 days). The median birth weight was
3563 (range, 2360–4100) g. There were 12 male and 16
female infants, one of whom developed multiple endocrine
neoplasia (type IIb) syndrome, and the others were all alive
and well at the time of writing.

The time spent performing 2D and 3D ultrasound
scans is shown in Table 1. The grade could be assessed
in 68% of the fissures, sulci and cortical areas with 2D
ultrasound scans and in 70% with 3D ultrasound scans
(Fisher’s exact test P = 0.1). Both 2D and 3D scans had
a mean quality score of 3 (SD, 1) and were significantly
correlated (Spearman rho 0.53, P < 0.01). The means for
the quality scores were not significantly different (paired
t-test, P = 0.89). The examinations randomly selected for
the interobserver variation also had a mean quality score
of 3 for both 2D and 3D scans.

Grading scores by 2D and 3D ultrasound were highly
correlated (Spearman’s rho, 0.92–0.97 for the different
sulci and 0.95–0.97 for the different cortical areas for
the first observer, n = 215; and 0.92–1.0 and 0.98–1.0,
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Figure 5 First appearance of different grades of cortical development. The box plots show minimum, median and maximum values and the
1st and 3rd quartiles.

(Fisher’s exact test, P = 0.003), although opposite sides
tended to be more advanced. Most instances of asymmetry
occurred before 28 weeks, and it was rare after 32
gestational weeks (Figure 8). Most instances of asymmetry
occurred at a maximal cortical grade of 3.

DISCUSSION

Cortical development could be graded with excellent
intra- and interobserver agreement during the latter half
of pregnancy. Although 30–32% of sulci or cortical areas
were not visualized, this should represent the ‘worst-case’
scenario, as the images were evaluated after the scanning
procedure and care was taken to limit the amount of
examination time in healthy volunteers. With more time
and especially the use of transvaginal ultrasound, it should
be possible to visualize a greater percentage of sulci and
with greater resolution.

Another disadvantage of transabdominal ultrasound is
that the proximal hemisphere of the fetal brain is partially
obscured by reverberation artifacts22,23. As a result, it was
not possible to determine the degree of asymmetry in many
sulci and cortical areas in this study. The reverberation
artifacts have fortunately, to a large degree, been solved

by newer generation apparatus, but this apparatus was
developed too late for use in this study.

It is reassuring and not unexpected that there is a
high degree of correlation between grading with 2D and
3D ultrasound. With 3D ultrasound, asymmetry could
be confirmed with greater confidence, as it is possible
to ensure a perfectly aligned plane with an orthogonal
display. The shorter scanning time decreases the length
of time that the fetus is exposed to ultrasound, and the
total time (scanning and analysis time) was not increased
with 3D ultrasound in this study. Although the amount
of ultrasound exposure during normal clinical use is a
small fraction of the amount found to disturb cortical
migration in the mouse embryo24, it still makes sense to
limit the amount of exposure25. It is also reassuring that
3D ultrasound does indeed shorten the total scanning and
analysis time.

In comparing the gestational age at which the
different sulci become visible with the results of other
studies1–4,6,7,9–12 (Table 2), the first appearance of sulci,
such as the Sylvian, parieto-occipital and calcarine sulci
in this study, seemed to lag behind the results of other
ultrasound, MRI and anatomical studies. This is possibly
because of the use of transvaginal ultrasound in other
studies11,12, but may also be a result of the later gestational

Copyright © 2010 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2010; 36: 700–708.
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Abstract

Objectives: To perform a comprehensive assessment of cortical development in fetuses with

isolated nonsevere ventriculomegaly (INSVM) by neurosonography.

Methods: We prospectively included 40 fetuses with INSVM and 40 controls. INSVM was

defined as atrial width between 10.0 and 14.9 mm without associated malformation, infection,

or chromosomal abnormality. Cortical development was assessed by neurosonography at 26

and 30 weeks of gestation measuring depth of selected sulci and applying a maturation scale from

0 (no appearance) to 5 (maximally developed) of main sulci and areas.

Results: INSVM showed underdeveloped calcarine and parieto‐occipital sulci. In addition, sig-

nificant delayed maturation pattern was also observed in regions distant to ventricular system

including Insula depth (controls 30.8 mm [SD 1.7] vs INSVM 31.7 mm [1.8]; P = .04), Sylvian fis-

sure grading (>2 at 26 weeks: controls 87.5% vs INSVM 50%, P = .01), mesial area grading (>2 at

30 weeks: controls 95% vs INSVM 62.5%; P = .03), and cingulate sulcus grading (>2 at 30 weeks:

controls 100% vs INSVM 80.5%; P = .01).

Conclusions: Fetuses with INSVM showed underdeveloped cortical maturation including also

regions, where effect of ventricular dilatation is unlikely. These results suggest that in a propor-

tion of fetuses with INSVM, ventricular dilation might be related with altered cortical

architecture.

1 | INTRODUCTION

Ventriculomegaly (VM) is the most frequent brain abnormality diag-

nosed in fetal live occurring in about 1% of fetuses.1 VM is diagnosed

when atrial width is 10 mm or more in at least one of the lateral

ventricles measured by ultrasonography.2 In around 50% of cases

associated abnormalities, including intracranial or extracranial

malformations, chromosomal anomalies, or fetal infections, are found,

which determines essentially their prognosis.3 If no other alterations

are detected, VM is considered as isolated and has in general good

prognosis. Nonetheless, about 11% of these fetuses will present neu-

robehavioral problems,3-5 comprising a wide range of possible alter-

ations, including motor,6,7 language,8,9 cognitive,6,7,10 and behavioral

dysfunctions.6-8 Furthermore, also psychiatric disorders have been

associated with ventriculomegaly, such as autism,11,12 schizophre-

nia,13,14 and attention deficit hyper activity disorder.15 Nowadays,

the only prognostic markers to identify fetuses with higher risk for

adverse outcome are ventricle width16 and progression of dilata-

tion,9,17 but to differentiate those cases that will present

neurodevelopmental impairments in the group of isolated nonsevere

ventriculomegaly (INSVM), where most cases remains stable, more

specific markers are needed.

Few studies have explored changes in cortical development in

isolated mild VM, but their results are contradictory.18-23 Evaluation

of cortical volumes by magnetic resonance imaging (MRI) has shown

increased cortical volume in fetal period18 and neonates,24,25 which

were persisting until 2 years of age.19 However, in a cohort of early

gestational age these differences could not be detected.20 Evaluation

of appearance of sulci in a nonselected population of mild fetal VM

has shown significant delay of 2 weeks in MRI,21 being the absence

of specific sulci associated with poorer prognosis.22 Regarding ultra-

sonography evaluation, an inverse relationship between ventricle size
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Objetivos: Realizar una evaluación integral del desarrollo cortical en fetos con 
ventriculomegalia aislada mediante neurosonografía.
Métodos: El desarrollo cortical se evaluó mediante neurosonografía a las 26 y 30 
semanas de gestación midiendo la profundidad de los surcos seleccionados y 
aplicando una escala de maduración de 0 (sin apariencia) a 5 (desarrollado al 
máximo) de los surcos y áreas principales.
Conclusiones: Los fetos con esta enfermedad rara mostraron un menor grado 
de desarrollo de los surcos parieto-occipital y calcarino. Además, por primera 
vez se demostró que existe un patrón de maduración retardada en otras 
regiones distantes del sistema ventricular. Este hallazgo es importante ya que 
demuestra que los cambios observados no pueden ser explicados solo por la 
distensión del ventrículo, sino por una posible alteración en la arquitectura 
cortical.



Objetivo: Informar la tasa de anomalías adicionales del sistema 
nervioso central (SNC) detectadas exclusivamente en la 
resonancia magnética (RMN) prenatal en fetos diagnosticados 
con ventriculomegalia (VM) leve o moderada aislada en el 
ultrasonido, de acuerdo con el tipo de protocolo de ultrasonido 
utilizado (neurosonografía detallada vs evaluación estándar del 
cerebro fetal)
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