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Focal Cortical Dysplasias: MR Imaging,
Histopathologic, and Clinical Correlations in
Surgically Treated Patients with Epilepsy

Nadia Colombo, Laura Tassi, Carlo Galli, Alberto Citterio, Giorgio Lo Russo,
Giuseppe Scialfa, and Roberto Spreafico

BACKGROUND AND PURPOSE: Focal cortical dysplasia (FCD) covers a spectrum of con-
ditions in which the neuropathologic and electroclinic presentations and the surgical outcomes
vary. The aim of this study was to identify the MR features of histologic subtypes of FCD that
would be useful for differential diagnosis.

METHODS: We reviewed the MR data of 49 patients treated surgically for intractable partial
epilepsy, who received a histologic diagnosis of FCD not associated with other brain abnor-
malities except hippocampal sclerosis and who were classified by histologic criteria as having
architectural dysplasia (28 patients), cytoarchitectural dysplasia (six patients), or Taylor’s
FCD (15 patients).

RESULTS: From the MR features, it was generally possible to distinguish Taylor’s FCD from
architectural or cytoarchitectural dysplasias (non-Taylor’s FCD). Findings suggesting Taylor’s
FCD were focal cortical thickening, blurring of the gray-white matter junction, and hyperin-
tensity (on T2-weighted images) of subcortical white matter often tapering toward the ventricle.
Focal brain hypoplasia with shrinkage and moderate signal intensity alterations in the white
matter core were present in most patients with architectural dysplasia. The lesion was generally
extratemporal in Taylor’s FCD and temporal in architectural dysplasia. Ipsilateral hippocam-
pal sclerosis was often present in architectural dysplasia (dual abnormality).

CONCLUSIONS: In patients with FCD, Taylor’s FCD and non-Taylor’s FCD can usually be
distinguished with MR imaging, although some overlap exists. A provisional MR diagnosis is
important for presurgical investigations and surgical planning and may have prognostic

implications.

In 1971, Taylor and Falconer (1) identified focal cor-
tical dysplasias (FCDs) in specimens resected for the
treatment of drug-refractory partial epilepsy. Then,
FCDs were described as focal developmental anom-
alies of cortical structure characterized histologically
by cortical dyslamination and the presence of abnor-
mal giant neurons throughout the resected cortex and
adjacent white matter, accompanied in many cases by
grotesquely shaped balloon cells of uncertain lineage.

Subsequently, the term cortical dysplasia has been
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used extensively and misleadingly in the literature to
refer to various malformations of cortical develop-
ment such as agyria, pachygyria, polymicrogyria, het-
erotopia, and hemimegalencephaly. Numerous neu-
ropathologic studies (2-12) have confirmed that FCD
is distinct from other malformations of cortical devel-
opment. However, FCD includes a wide spectrum of
gray and white matter anomalies that range from mild
cortical disruption without cytologic alterations (re-
ferred to in the literature as “mild cortical dysplasia” or
“microdysgenesis”) to complete derangement of neo-
cortical lamination accompanied by giant dysmorphic
neurons, with or without balloon cells (Taylor’s FCD).

This heterogeneous assortment of microscopic ab-
normalities is attributable mainly to variations in the
time at which the defect manifests during cortical
development (7, 13). Because the various classifica-
tions of these manifestations have proved unsatisfac-
tory, we recently developed a simple classification of
FCDs based on easily recognized neuropathologic
features (14). We in fact identified three histologic
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TABLE 1: Histopathologic Classification of FCD

Classification Characteristics

Architectural dysplasia Heterotopic neurons in white matter
Derangement of cortical lamination
Heterotopic neurons in white matter
Derangement of cortical lamination

Giant neurons

Cytoarchitectural dysplasia

Taylor’s FCD
Without balloon cells Heterotopic neurons in white matter

Derangement of cortical lamination

Giant neurons

Dysmorphic neurons

Heterotopic neurons in white matter

Derangement of cortical lamination

Giant neurons

Dysmorphic neurons

Balloon cells

With balloon cells

subtypes: architectural dysplasia, cytoarchitectural
dysplasia, and Taylor’s FCD. Table 1 lists the defining
characteristics of each subtype.

With the progressive refinement of MR techniques,
FCDs are being seen in vivo with increasing fre-
quency in patients with epilepsy (15-18), and certain
epilepsies previously considered cryptogenetic are
now recognized as associated with cortical dysplasias.
There is growing interest in the MR characterization
of these lesions to assist electroclinical localization
and surgical planning.

The aim of the present study was to analyze the
MR characteristics of a series of patients operated on
for drug-refractory partial epilepsy and characterized
histologically as having one of the three histologic
subtypes of FCD.

Methods

Patients

Between May 1996 and November 2000, 224 patients with
medically refractory partial epilepsy underwent surgery at the
Claudio Munari Surgery Center for Epilepsy in Milan, Italy,
after thorough electroclinical and neuroimaging investigations.
Fifty-four of these patients (24.1%) had a histologic diagnosis
of FCD not associated with other pathologic conditions except
hippocampal sclerosis; data for 49 of these patients (with ade-
quate MR documentation) were selected for the present ret-
rospective study. We excluded all cases with other potentially
epileptogenic lesions (sometimes in addition to FCD) such as
tumors, vascular lesions, sequelae of trauma, or malformations
of cortical development other than FCD, revealed by MR or
histopathologic examination. However, cases of FCD plus hip-
pocampal sclerosis were included since this association (dual
abormality) is reported frequently (19).

Histopathologic Classification

The 49 patients were classified retrospectively according to
our recently proposed histopathologic scheme (14) as follows:
architectural dysplasia, 28 patients; cytoarchitectural dysplasia,
six patients; and Taylor’s FCD, 15 patients (13 with and two
without balloon cells) (Fig 1). The classification was performed
by two neuropathologists (C.G., R.S) working independently
and unaware of the MR findings; disagreements were discussed
and a consensus reached. In patients undergoing temporal lobe
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resection, lateral and mesial specimens were sent for histologic
analysis and assessed for hippocampal sclerosis as defined by
neuronal loss and reactive gliosis of the hippocampus. Of the
49 specimens reviewed, 29 were from the temporal lobe, and
dual abnormality was found in 16 (55%) of the 29 specimens.

MR Imaging

MR examinations were performed with a 1.5-T ACS-NT
unit (Philips Medical Systems, Best, the Netherlands). The
following sequences were performed in all cases: transverse
double-echo spin-echo (SE) sequence of the entire brain
(2000-2500/20-90/1 [TR/TE/excitations], 128 X 256 matrix,
230-mm field of view, 4—5-mm section thickness, 10% intersec-
tion gap); coronal turbo SE T2-weighted sequence (2300/100/4,
256 X 256 matrix, 230-mm field of view, 3-mm section thick-
ness, 10% intersection gap, turbo factor of 15); coronal turbo
SE fluid-attenuated inversion-recovery (FLAIR) T2-weighted
sequence (6000/100/2000/3 [TR/TE/T1/excitations], 238 X 256
matrix, 230-mm field of view, 3-mm section thickness, 10%
intersection gap, turbo factor of 15); and coronal turbo SE
inversion-recovery (IR) T1-weighted sequence (3000/20/400/2,
256 X 256 matrix, 230-mm field of view, 3-mm section thick-
ness, 20% intersection gap, turbo factor of 4). The coronal
sequences were localized over the area of seizure generation
(epileptogenic zone) as indicated by the electroclinical data. In
most patients, 3D volume fast field echo T1-weighted images
were also acquired in the sagittal plane (30/4.6/1 [TR/TE/
excitations], 30° flip angle, 512 X 512 matrix, 230-mm field of
view, 1-mm-thick contiguous sections); the source images were
reconstructed in transverse and coronal sections. Additional
FLAIR or turbo SE T2-weighted images in the sagittal plane
were obtained in some patients as required. Intravenous con-
trast material was given to a few patients but did not generally
provide additional information useful for diagnosis.

In patients with the epileptogenic zone in the temporal lobe,
transverse images were acquired parallel to the major hip-
pocampal axis and coronal images perpendicular to the hip-
pocampal axis. In patients with extratemporal lobe epilepsies,
images were acquired parallel with and perpendicular to the
anteroposterior commissure line.

The MR data were reviewed by two neuroradiologists (N.C.
and A.C.) blind to the histopathologic classification. The fol-
lowing characteristics were specifically looked for on each pa-
tient’s MR images: focal thickening of the cortex; blurring of
the gray matter-white matter junction; increased signal inten-
sity of gray matter and subcortical white matter on conven-
tional and heavily T2-weighted (FLAIR) images; decreased
white matter signal intensity on conventional and heavily T1-
weighted (IR) images; tapering of white matter signal intensity
alteration toward the ventricle on T1- and T2-weighted images;
focal brain hypoplasia; and shrinkage of the white matter core.
Subcortical white matter hyperintensity was judged subjectively
as severe, moderate, or absent. Focal hypoplasia was consid-
ered present when lobar or sublobar volume loss with focal
enlargement of the overlying subarachnoid space was observed,
usually in association with the white matter core shrinkage, in
comparison to the corresponding area in the opposite hemi-
sphere. These particular variables were considered based on
radiologic experience and previous studies dealing with various
categories of FCD (16-18).

On the basis of these characteristics, we assigned each of the
49 patients to one of three categories: normal (unremarkable),
non-Taylor’s FCD, or Taylor’s FCD. We diagnosed Taylor’s
FCD in the presence of 1) focal cortical thickening, 2) blurring
of the gray-white matter junction, and 3) marked hyperintensity
of the subcortical white matter on T2-weighted images, which
often appeared hypointense on T1-weighted images. In addi-
tion, the white matter signal intensity alterations often tapered
toward the ventricle. By contrast, when this association was
absent but moderate white matter signal intensity alterations,
focal brain hypoplasia, and white matter core atrophy were
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Fic 1. Photomicrographs show the his-
tologic characteristics of the FCD sub-
types.

A, Architectural dysplasia characterized
by moderate derangement of cortical lam-
ination, with neurons of the same shape
and size scattered throughout the cortex
(Kluver-Barrera stain; original magnifica-
tion, x250).

B, Cytoarchitectural dysplasia. Note the
cluster of cytomegalic neurons with satel-
litosis (arrows) (Kluver-Barrera stain; orig-
inal magnification, x250).

C, Taylor’s FCD with balloon cells. Note
large balloon cell characterized by homo-
geneous eosinophilic cytoplasm and pe-
ripheral nucleus with prominent nucleolus
(arrow) (hematoxylin-eosin stain; original
magnification, X250).

D, Taylor’s FCD with balloon cells. Note
large dysmorphic neurons containing
abundant cytoplasmic neurofilaments (ar-
rows) (Bielchowsky stain; original magnifi-
cation, X250).

present, we diagnosed non-Taylor’s FCD (ie, architectural or
cytoarchitectural dysplasia).

The MR images were also examined for the presence of
ipsilateral hippocampal sclerosis, as indicated by atrophy, loss
of definition of the internal anatomy, hippocampal hyperinten-
sity on conventional and heavily T2-weighted (FLAIR) images,
and decreased signal intensity on conventional and heavily
T1-weighted (IR) images. From these data, we determined the
frequency of MR-detected dual abnormality.

We next compared the MR and histopathologic diagnoses
and determined the frequency of the individual radiologic vari-
ables in each of the three neuropathologic subgroups—archi-
tectural dysplasia, cytoarchitectural dysplasia, and Taylor’s
FCD. Associations between the histopathologic diagnoses and
neuroradiologic variables were tested by using x> univariate
analysis. A P value of less than or equal to .05 was considered
to indicate a statistically significant association.

Results

Patient data, including surgical outcome at 1 year
or more according to Engel (20), are given in Table 2.
The MR findings were abnormal in 34 patients
(69%) and unrevealing in 15 (31%) (Table 3). FCD
was identified in 17 cases, dual abnormality (FCD
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plus hippocampal sclerosis) in 14 cases, and only
hippocampal sclerosis in three cases. Thus, in 31
(63%) of the 49 patients, MR imaging enabled detec-
tion of FCD, and this was diagnosed as Taylor’s FCD
in 13 cases and non-Taylor’s FCD in 18 cases. How-
ever, one case of non-Taylor’s FCD could not be
verified at histologic examination because the MR
abnormalities were in the temporal lobe, whereas the
ipsilateral frontal region had been resected, based on
electroclinical findings. Therefore, MR enabled de-
tection of histologically verified FCD in 30 patients
(61%) but was unrevealing in 19 patients (39%), in-
cluding three with only hippocampal sclerosis (Table
4). The individual MR variables in these 30 patients
in relation to the neuropathologic findings are shown
in Table 5.

Taylor’s FCD

Among the 15 histologically diagnosed cases of
Taylor’s FCD, the MR findings were positive in 10
(67%) and unrevealing in five (33%) (Table 4). MR
imaging enabled correct diagnosis of Taylor’s FCD in
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TABLE 2: Patient Characteristics and Surgical Outcome
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Age at Surgical

Sex Age at Surgery Clinical Onset Seizure No. of Seizures Outcome Engel
(F/M) (y)* Duration (y)* per month* Class Ia"
Whole series (n = 49) 27/22 2-42 (24 = 11) 0-26 (6 = 7) 1-42 (17 = 10) 1-600 (69 * 117) 25 (51)
Histologic TFCD (n = 15) 7/8 2-35(19 = 11) 0-22(6*=7) 2-27(13 £ 8) 1-400 (97 = 103) 11 (73)
Histologic CD (n = 6) 3/3 4-42 (20 = 16) 0-26 (6 = 10) 1-42 (14 = 16) 1-300 (152 = 139) 2(33)
Histologic AD (n = 28) 17/11 2-41(27+9) 0-24 (7 = 6) 2-34 (20 £ 8) 1-600 (39 * 112) 12 (43)

* Data are ranges. Numbers in parentheses are the mean = SD.
" Data are number (%) of patients seizure free at =1 year.

Note.—TFCD indicates Taylor’s FCD; CD = cytoarchitectural dysplasia; AD = architectural dysplasia.

TABLE 3: MR Findings in 49 Patients with Histologically Diagnosed
FCD Who Were Operated On for Drug-Resistant Partial Epilepsy

MR Diagnosis
No. (%) -
MR Findings of Patients TFCD Non-TFCD
Unrevealing 15 (31)
HS 3(6) - -
FCD 17 (35) 12 5
Dual abnormality (FCD + HS) 14 (28) 1 13

Note.—TFCD indicates Taylor’s FCD; HS = hippocampal sclerosis.

nine cases (60%), in which the speaflc flndlngs were
focal cortical thickening (n = 8 [x* 1 = 1478, P <
.001)), blurrlng of the gray-white matter junction (n =
9 [X 14 = 5 .82, P < .025]), increased signal intensity
in subcortical white matter on conventional and
heavily T2-weighted (FLAIR) images (n = 9 [x*14 =
11.30, P < .01]), decreased signal intensity of the
white matter on conventional and heavily (IR) T1-
weighted images (n = 7 [x%, 4 = 0.15, not significant),
and radial bands of white matter signal intensity
changes reaching the ventricle (n = 3) (Table 5) (Figs
2 and 3). Increased T2 s1gnal in the gray matter was
rarely seen (n = 3 [x*4 = 0.2, not significant]).
Non-Taylor’s FCD was dlagnosed with MR imaging
in the 10th positive MR case: the findings were a
small anterior temporal lobe with moderate alter-
ations in white matter signal intensity. The MR-iden-
tified lesions were frontal (n = 3), central (n = 1),
temporal (n = 2), parietal (n = 1), temporo-occipital
(n = 1), temporo-occipitoparietal (n = 1), and tem-
poro-occipitofrontoparietal (n = 1). In all cases, these
lesions were contained within the epileptogenic zone
and the area of surgical resection. In the five cases of
histologically diagnosed Taylor’s FCD with unreveal-
ing MR findings, the epileptogenic zone was defined
electroclinically, and tissue was removed from the
frontal lobe (n = 4) or temporo-occipitoparietal re-
gion (n = 1).

Cytoarchitectural Dysplasia

Of the six histologically diagnosed cases of cytoar-
chitectural dysplasia, three (50%) had positive MR
findings (Table 4); among these, the MR diagnosis
was Taylor’s FCD in two cases, with focal cortical
thickening (n = 1), reduced demarcation of gray-
white matter junction (n = 2), and hyperintensity in

the gray and white matter on T2-weighted images
(n = 2) becoming hypointense on T1-weighted im-
ages (n = 2) (Table 5) (Fig 4). The third case with a
positive MR finding was diagnosed as a non-Taylor’s
FCD: the frontal and the temporal poles were of
reduced volume, and there were modest signal inten-
sity alterations in the white matter. The MR alter-
ations were temporal (n = 2) or frontotemporal (n =
1) and always coincided with the epileptogenic zone
and area of surgical resection. For the three cases
with unremarkable MR findings, frontal (n = 1),
temporoparietal (n = 1), and frontocentroparietal
(n = 1) resections removed the electroclinically de-
fined epileptogenic zone. There were insufficient pa-
tients in this group for statistical analysis.

Architectural Dysplasia

MR findings were positive in 21 (75%) of the 28
patients with histologically diagnosed architectural
dysplasia. The specific findings were cortical dysplasia
plus ipsilateral hippocampal sclerosis (n = 14), dys-
plasia only (n = 4), and hippocampal sclerosis only
(n = 3). In one of the 18 cases with a dysplastic lesion
on MR images, the lesion was located outside the
resected area, and the MR finding was therefore
considered negative relative to the histologic findings.
Thus, a total of 17 FCDs (61%) were identified with
MR imaging, and 11 cases (39%) cases were missed
(Table 4).

In 15 (54% of the 28 cases) of the 17 cases of FCD
detected with MR imaging, a detailed diagnosis of
non-Taylor’s FCD was made with MR (Table 4); 14
had a temporal location and one an occipital location.
Non-Taylor’s FCD was diagnosed from the followmg
lobar or sublobar hypoplasia (n = 15 [x* 1af = 15 46,
P < .01]), atrophy of white matter core (n = 15 [x> ar =
18.07, P < .01]), moderate subcortical white matter
hyperintensity on T2-weighted images (n = 12 [x? 1af =
3.8, not significant]), decreased subcortical white matter
s1gnal intensity on T1-weighted images (n = 6 [x> 1 =
3.0, not significant]), blurred gray-white matter junction
(n=5 [ledf =5.75, P < .05]), cortical thickening (n =
2 [x? 1ar = 8 .35, P < .01]), and hyper1ntens1ty of gray
matter on T2-weighted images (n = 2 [x* 1ar = 1 .80, not
significant]) (Table 5) (Fig 5).

In the remaining two MR-positive cases (one tem-
poral and one frontal location), Taylor’s FCD was
diagnosed from the presence of extensive blurring of
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TABLE 4: Comparison of Histopathologic and Detailed MR Diagnosis (TFCD vs non-TFCD)

Histopathologic MR Negative

MR Positive

Detailed MR Diagnosis

Diagnosis for FCD for FCD TFCD non-TFCD
(n = 49) (n =19 [39]) (n = 30 [61])* 13 17*
TFCD (n = 15) 5(33) 10 (67) 9 1
CD (n = 6) 3(50) 3(50) 2 1
AD (n = 28) 11 (39) 17 (61) 2 15

Note.—TFCD indicates Taylor’s FCD; CD = cytoarchitectural dysplasia; AD = architectural dysplasia.

Data are number of patients. Numbers in parentheses are percentages.

* One MR-diagnosed non-TFCD case is not included because it could not be verified histologically (MR abnormalities in temporal lobe, but

ipsilateral frontal region resected).

TABLE 5: MR Imaging Variables in Relation to Histopathologic Findings

WM
Hyperintensity on
GM- T2WI WM Hypo-
Cortical WM intensity on

Thickening Blurring Severe Moderate

Tapering GM Hyper- WM

to intensity on Focal Core Histopathologic

MR Diagnosis TIWIIR  Ventricle T2WI Hypoplasia Atrophy Diagnosis
TFCD (n = 13) 10 13 13 - 10 3 6 3 -
7 8 8 - 6 3 2 2 - TFCD with BC
(n=8)
1 1 1 - 1 - 1 - - TFCD without BC
(n=1
1 2 2 - - - - CD (n =2)
1 2 2 - 1 - 1 1 - AD (n = 2)
Non-TFCD 2 5 - 14 - 17 16
(n = 17)
- - - 1 - - - 1 1 TFCD with BC
(n=1
- - - 1 - - - 1 - CD(n=1)
2 5 - 12 6 - 2 15 15 AD (n = 15)

Note.—GM indicates gray matter; WM = white matter; WI = weighted images; TFCD = Taylor’s FCD; BC = balloon cells.
Data are number of patients.

Fic 2. MR images of Taylor's FCD with balloon cells.

A, Coronal turbo SE IR T1-weighted image (3000/20/400/2) demonstrates thickening of the right frontal cortex with loss of
demarcation between gray and white matter and decreased white matter signal intensity (arrow) tapering toward the ventricle.

B, Coronal turbo SE T2-weighted image (2300/100/4) and C, coronal turbo SE FLAIR T2-weighted image (6000/100/2000/3), obtained
at the same level as A, show increased signal intensity (arrow) of the subcortical white matter extending to the ventricle as a radial band.

No mass effect is present.

the gray-white matter junction (n = 2), moderate
cortical thickening (n = 1), and T2 hyperintensity in
subcortical white matter (n = 2) becoming hypoin-
tense on T1-weighted images in one case (Table 5).

Ipsilateral hippocampal sclerosis in association
with dysplasia was diagnosed with MR imaging in 14
cases, but in only 12 of these was hippocampal scle-

rosis observed at histologic examination: partial frag-
mentation of the hippocampus during surgery pre-
cluded a histologic diagnosis of hippocampal sclerosis
in the other two cases.

In the patients with histologically diagnosed archi-
tectural dysplasia with MR-identified lesion outside
the resected area, MR imaging revealed temporal
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Fic 3. MR images of Taylor’'s FCD without balloon cells.
A, Transverse SE T2-weighted image (2300/90/1) shows extensive hyperintense lesion
in the left temporo-occipitobasal region, with no mass effect on adjacent structures.
B, Coronal turbo SE IR T1-weighted image (3000/20/400/2) better demonstrates
thickening of the cortex (arrows) with blurring of the gray-white matter junction and
subcortical white matter hypointensity.

C, Coronal turbo SE FLAIR T2-weighted image (6000/100/2000/3) reveals that the hyperintensity of the lesion mainly involves the
subcortical white matter (arrows). The ventricular trigone is enlarged on the left.

alterations (abnormal temporal pole, with normal size
but moderate hyperintensity in subcortical white mat-
ter on T2-weighted images, and ill-defined gray-white
matter junction); however, a frontal lobe resection
was performed as electroclinical investigation located
the epileptogenic zone there. Except for this case, all
lesions visualized with MR imaging coincided with
the epileptogenic zone and the area of surgical resec-
tion. Surgical specimens from patients with cortical
dysplasia missed with MR imaging were removed
from the frontal lobe (n = 4), temporal lobe (n = 4),

Fic 4. MR images of cytoarchitectural dysplasia.

A, Coronal turbo SE IR T1-weighted image (3000/20/400/2), B, coronal turbo
SE T2-weighted image (2300/100/4), and C, sagittal turbo SE T2-weighted image
of a 3D volume acquisition (2100/130/1). Note reduced demarcation of the
gray-white matter boundary in the right temporal lobe, with marked signal inten-
sity alterations of subcortical white matter, which is hypointense on the T1-
weighted image in A and hyperintense on the T2-weighted images in B and C.
These alterations induced us to diagnose Taylor’s FCD. Note, however, that the
thickening of the cortex (arrows in A and B), is only mild. This is a case of
histologic cytoarchitectural dysplasia resembling Taylor’s FCD.

frontotemporal region (n = 2), or occipital lobe (n =
1), including three with only hippocampal sclerosis on
MR images.

Discussion

Following the original precise description (1), the
term FCD has often been used to indicate any cortical
developmental disorder. Furthermore, during the last
decade, despite the more frequent identification of
FCD in patients with epilepsy who had been operated
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Fic 5. MR images of architectural dysplasia and ipsilateral hippocampal sclerosis (dual abnormality).
A, Coronal turbo SE T2-weighted image (2300/100/4) reveals hypoplasia of right temporal pole with white matter hyperintensity.
B, Transverse SE T2-weighted image (2300/90/1) confirms reduced volume of right temporal pole compared with the contralateral

side, with enlargement of the overlying subarachnoid space.

C, Coronal turbo SE T2-weighted image (2300/100/4) shows right hippocampal head (arrow), characterized by atrophy and signal

hyperintensity, suggesting hippocampal sclerosis.

on (3-12,21-23), and the general recognition that it is
a distinct pathologic entity, disparate classifications
and terminology have appeared, and the term FCD
was expanded to include less severe forms of cortical
and subcortical neuronal abnormalities observed at
histologic examination, accompanied by proliferation
of terms such as “mild cortical dysplasia” and “micro-
dysgenesis” (3-12).

With progressive refinements in MR imaging tech-
nique, FCDs have been more frequently visualized in
vivo in patients with intractable partial epilepsy and
their neuroimaging features clarified. Unfortunately,
separate grading systems for FCDs based, on the one
hand, on MR imaging characteristics and, on the
other, on histopathologic features have developed,
precluding comparison of series (4-7,13,18,22-26).
Furthermore, very few reports have systematically
described the MR characteristics of different histo-
logic subtypes of FCD in consistent series of patients.

We therefore reviewed the MR data of 49 patients
operated on for drug-resistant partial epilepsy who
had a histologic diagnosis of FCD, further subdivided
into architectural dysplasia, cytoarchitectural dyspla-
sia, or Taylor’s FCD (Table 1), based on the easily
recognized neuropathologic features presented in our
classification (14, 27).

FCDs occurred in about 24% of resected speci-
mens in our total surgical population, a slightly higher
proportion than in other surgical epilepsy series (6,
18, 22). Extensive MR examination often enables
identification of subtle and highly localized FCDs that
may not be revealed with conventional MR proce-
dures and hence provides a more refined diagnosis
that may contribute to the diagnostic workup of can-
didates for epilepsy surgery. Furthermore, electro-

clinical patterns and postsurgical outcome may differ
according to FCD subtype (14, 28), further justifying
the use of MR imaging. In addition to general cere-
bral imaging, our MR studies focused on the region
suspected to be the epileptogenic zone from the elec-
troclinical findings. High-resolution, 3D, fast field
echo, T1-weighted acquisitions with 1-mm contiguous
sections and IR sequences that emphasized signal
intensity differences between gray and white matter
were always performed to try to reveal subtle dysmor-
phic features (29). Nevertheless, we were unable to
detect any MR signs of FCD in 39% of our cases;
other MR series report similar findings. Unfortu-
nately, our center lacked phase-array surface coils
and facilities for curvilinear reconstruction and tex-
ture-morphologic postprocessing analysis—enhance-
ments that can increase the ability of MR imaging to
depict FCD in certain cases (30, 31).

Taylor’s FCD

We used published criteria to recognize Taylor’s
FCD on MR images (16-18) (ie, the simultaneous
presence of focal cortical thickening, poorly defined
transition between gray and white matter, and hyper-
intensity of the subcortical white matter on T2-
weighted images with decreasing signal intensity on
T1-weighted images).

In nine of the 15 cases correctly recognized as
Taylor’s FCD with MR imaging, all three of these
features were present in eight, with only focal cortical
thickening absent in the other. Thus, in agreement
with the literature, our results indicate that this com-
bination of features is the most reliable for diagnosing
Taylor’s FCD with MR imaging. A tapering of the
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subcortical hyperintensity toward the lateral ventricle
was observed in three of these cases; a feature also
reported in the literature (17). On occasion, a slight
hyperintensity of the cortex was also found on T2-
weighted images.

In all our cases of Taylor’s FCD, the gross mor-
phology of the overlying cortex and adjacent sub-
arachnoid space were normal; in particular, we never
observed the cortical dimple, proposed by Bronen et
al (32) as a marker of subtle focal cortical dysplasias.
No mass effect was ever observed either.

In the six histologically diagnosed cases of Taylor’s
FCD not correctly diagnosed with MR imaging, five
had normal MR findings and one had a hypoplastic
anterior temporal lobe with moderate hyperintensity
in the underlying white matter on T2-weighted im-
ages, prompting us to diagnose non-Taylor’s FCD.

Reexamination of the histologic features (particu-
larly neuronal and balloon cell density) of cases with
histologically diagnosed Taylor’s FCD showed no dif-
ferences related to whether the MR findings were
normal or abnormal. Of the two cases without balloon
cells, one had the characteristic MR features of Tay-
lor’s FCD and the other an unremarkable MR exam-
ination. It is evident that the observed signal intensity
alterations cannot be caused solely by balloon cells
and that an ensemble of histopathologic features,
possibly including demyelination of the white matter
below the dysplastic cortex, is necessary to induce
perceptible signal intensity alterations. Immunocyto-
chemical studies revealed high concentrations of cells
containing exuberant neurofilaments in most Taylor’s
FCD specimens, and it is possible that these may
contribute to MR signal intensity alterations (33).

We were not concerned in this study with distin-
guishing Taylor’s FCD from low-grade tumors. In no
case, however, did we find any MR characteristics
that led to a suspicion of tumor (17). In accordance
with previous findings (18, 34), in most (87%) pa-
tients with Taylor’s FCD the location was extratem-
poral, the frontal lobe including the pre- and postcen-
tral gyrus being the most frequently involved.

Architectural Dysplasia

In the literature, architectural dysplasia refers to
FCDs characterized histopathologically by a broad
spectrum of alterations that have been variously clas-
sified by using disparate terminology (2-12); some-
times architectural dysplasia has even been consid-
ered a normal variant (12, 35). Both clinically and
histologically, architectural dysplasia is less severe
than Taylor’s FCD, and its MR features are less
clearly established. In the present study, we defined
architectural dysplasia by the presence of moderate
disorganization of cortical laminae at histologic ex-
amination, with increased numbers of cytologically
normal heterotopic neurons in the white matter.

Our previous clinical experience was that the most
frequent MR findings in histologically diagnosed ar-
chitectural dysplasia were focal brain hypoplasia,
white matter core atrophy, and moderate white mat-
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ter hyperintensity on T2-weighted images becoming
hypointense on T1-weighted images. Occasionally
there was also moderate gray-white matter junction
blurring, usually distinct from the more marked blur-
ring present in Taylor’s FCD. Such features allowed
the diagnosis of non-Taylor’s FCD with MR imaging
in 15 (54%) of the 28 histologically diagnosed cases of
architectural dysplasia in the present study, whereas
in two other cases the dysplasia resembled Taylor’s
FCD. MR findings were unrevealing for dysplasia in
the other 11 (39%) histologically diagnosed cases of
architectural dysplasia. Most cases of architectural
dysplasia were in the temporal lobe, facilitating com-
parison of the affected and unaffected hemispheres.
In 55% of the architectural dysplasia cases with
temporal lobe location, ipsilateral hippocampal scle-
rosis was also present in histologic specimens. Al-
though this frequency is lower than that in other
series (36-38), it is noteworthy that hippocampal
sclerosis was never present with histologically diag-
nosed Taylor’s FCD or cytoarchitectural dysplasia.
This finding suggests that hippocampal sclerosis is
part of a more diffuse abnormality of the temporal
lobe (39). The relationship between hippocampal
sclerosis and dysplasia remains unclear; however, it
seems likely that the initial insult produces similar
MR abnormalities in both the anterior temporal lobe
and the hippocampus (ie, volume loss, signal intensity
alteration, and loss of internal definition, which ap-
pears as gray-white matter blurring in the temporal
neocortex) (40). The hippocampal microdysplasias
reported recently (G. Jackson, personal communica-
tion, 2000) share pathologic features with neocortical
dysplasias and suggest that a single malformative
pathologic process may be occurring that affects the
temporal neocortex and the hippocampus, where it
eventually develops into hippocampal sclerosis.
Some authors regard volume loss and signal inten-
sity abnormalities in the temporal lobe as additional
MR criteria for a diagnosis of hippocampal sclerosis
in patients with temporal lobe epilepsy (41-43). In
our study, the primary selection criterion was the
presence of dysplastic alterations in neuropathologic
specimens. However, we found that in about 36% of
cases in which these alterations were present in the
temporal neocortex, hippocampal sclerosis was not
found in the histologic specimens. Therefore, the ab-
normalities seen in the temporal lobe on MR images
seem to be due to the primary dysplastic lesion and
not to alterations secondary to hippocampal sclerosis.
We therefore suggest that the dysplastic lesion itself
may be the cause of the temporal lobe abnormalities
recognized on MR images, and that it has intrinsic
epileptogenic properties; accordingly, hippocampal
sclerosis would be the epiphenomenon of a more
diffuse cortical disorder of the temporal lobe.
Recent reports have described anterior temporal
lobe MR abnormalities in patients with temporal lobe
epilepsy (with or without hippocampal sclerosis) sim-
ilar to those reported in this series (ie, temporal lobe
atrophy with shrinkage of the white matter core,
poorly defined gray-white matter boundary, and mod-
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erate subcortical white matter hyperintensity on T2-
weighted images) (38, 44). In particular, Choi et al
(44) found that, in patients with temporal lobe epi-
lepsy who have pathologically proved hippocampal
sclerosis, the presence of temporal lobe white matter
abnormalities on MR images was an additional sign
indicating the side of seizure origin. They also found
abnormally abundant heterotopic neurons in such pa-
tients that may be sufficient to give rise to epilepsy.

Mitchell et al (38) came to contrasting conclusions.
They reported on 50 patients with temporal lobe
epilepsy, finding anterior temporal atrophy, loss of
gray-white matter demarcation, and white matter sig-
nal intensity alterations on MR images in 29 patients
(58%), including 23 with associated hippocampal
sclerosis, but none in a control group. They found
that increased white matter heterotopic neurons, hy-
percellularity, and gliosis of the molecular layer were
more frequent in specimens resected from patients
with temporal lobe epilepsy than in autoptic control
specimens. However, these histologic features were
present with equal frequency and severity in patients
with and those without temporal lobe abnormalities
on MR images, leading the authors to conclude that
these features played no role generating the MR
abnormalities.

Cytoarchitectural Dysplasia

In our neuropathologic classification, cytoarchitec-
tural dysplasia was characterized by conspicuous cor-
tical laminar disorganization associated with giant
neurons, without balloon cells or dysmorphic neu-
rons; it is thus intermediate between architectural
dysplasia and Taylor’s FCD. We were unable to iden-
tify any MR features characterizing patients with a
histologic diagnosis of cytoarchitectural dysplasia.
MR abnormalities resembled those of Taylor’s FCD
in two cases and non-Taylor’s FCD in one case and
were unremarkable in the other three. Studies on a
larger series of cytoarchitectural dysplasia cases may
delineate a more informative picture.

In all patients in the present series in which MR
lesions were identified, they were contained within
the epileptogenic zone; however, the latter always
extended well beyond the structural lesion (14). It is
noteworthy that in only one case were MR abnormal-
ities found in a different lobe from that of the surgical
resection, the location of which was decided from the
electroclinical data. The strong correlation between
MR findings and electroclinical-pathologic data sug-
gests that even the mildest forms of cortical dysplasia
are often involved in epileptogenesis (45).

With more regard to surgical outcome, the best re-
sults were obtained in patients with Taylor’s FCD, 73%
of whom were seizure free (Engel class Ia) 1 year or
more after the operation. Less favorable clinical out-
come was achieved by patients with architectural dys-
plasia (43% in class Ia), with intermediate outcome in
the cytoarchitectural dysplasia group. These findings
suggest that a favorable outcome is more likely in cases
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with more severe histopathologic abnormalities, which
however may be more circumscribed in extent (3).

Conclusion

Distinct neuropathologic and electroclinical fea-
tures, as well as different surgical outcomes, charac-
terized the three subtypes of FCD. MR features dif-
ferentiate between Taylor’'s FCD and non-Taylor’s
FCD in most cases, although there is some overlap.
Detailed MR diagnosis may modify the presurgical
workup and surgical planning and may have prognos-
tic value.
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