
Destructive brain lesions result from aggression to 
the central nervous system (CNS)1 and may be con-
genital or acquired during the postnatal period2. Sev-
eral factors may be implicated in their etiology, such 
as infections, anoxia and exposure to aggressing fac-
tors, among others3,4. 

When extensive, these lesions produce destruction 

of brain tissue and cavitations, the major ones being 
multicystic encephalomalacia (MCE) and porenceph-
aly (POR). Interestingly, these cavitary lesions corre-
spond to differentiated reactions to the same type 
of brain insult, with these responses depending on 
the phase of CNS development during which the in-
jury occurs2. POR is caused by very early insults oc-
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curring at the end of the second or the beginning 
of the third trimester of pregnancy, affecting an im-
mature brain still unable to express significant astro-
cyte reaction. This leads to the formation of a cavity 
with smooth walls, precise limits and little or no per-
ilesional gliosis. In contrast, MCE results from insults 
occurring at the end of pregnancy, during delivery 
or during the first days of life, reaching a brain that 
is already more mature and able to express differen-
tiated tissue responses, leading to the formation of 
lesions of imprecise limits containing trabeculae and 
showing moderate or intense glial reaction3,5-9.

The differences between these two forms of brain 
cavities prompted us to question whether these dif-
ferent CNS responses to the same type of insult might 
be related to a better or worse prognosis from a clin-

ical and neurophysiological viewpoint. On this ba-
sis, the objective of the present study was to inves-
tigate patients with destructive lesions of the POR 
and MCE types, in an attempt to correlate the clini-
cal and neurophysiological aspects associated to each 
type of lesion. 

METHOD
In this study we included 20 consecutive patients with 

structural lesions of the POR or MCE type diagnosed by 
brain magnetic resonance (MR) examination (Figs 1 and 
2). All patients were selected at the Neurology and Neu-
ropediatric Outpatient Clinics from Hospital São Paulo, Es-
cola Paulista de Medicina, Federal University of São Paulo 
(UNIFESP). The MRs were independently analyzed by two 
neuroradiologists using Barkovich’s criteria9, as follows: a) 
POR: an homogeneous cavity with smooth walls and pre-

Fig 1. Female, 6 years old. MR showing left side multicystic encephalomalacia

Fig 2. Male, 15 years old. MR showing right frontal porencephaly.
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cise limits whose interior is isointense in relation to cere-
brospinal fluid (CSF). There is no structure inside the cavity 
and the intensity of the adjacent brain is normal; b) MCE: 
one or multiple cavities of varying sizes containing glial 
septations and CSF that confer a non-homogeneous aspect 
to the cavity. The adjacent brain may present a glial reac-
tion consisting of astrocyte proliferation, which is one of 
the pathological characteristics of this lesion. 

All selected patients were submitted to clinical neuro-
logical evaluation and to continuous video-electroencepha-
lographic monitoring (video-EEG) ranging in duration from 
a minimum of three hours to a maximum of four days. The 
more prolonged exams were carried out on patients with 
refractory epilepsy who needed a more detailed evalua-
tion including the assessment of potential surgical treat-
ment. The data thus obtained were correlated with neu-
roimaging and video-EEG findings and with neurological 
evaluation. The following variables were analyzed: a) type 
of lesion; b) presence of gliosis; c) presence of epilepsy; d) 
presence of perinatal complications; e) presence of epilep-
tic discharges; f) frequency of discharges on video-EEG; g) 
presence of atrophy.

Statistical analysis for the determination of correlations 
was carried out through Fisher’s exact test. The study was 
approved by the Ethics and Research Committee of UNIFESP 
and patients or persons responsible for them gave written 
informed consent agreeing to participate. 

RESULTS
Twenty patients (13 males and 8 females) with 

destructive brain lesions of the MCE and POR type 
were included in the study. Patient age ranged from 
1 to 40 years (mean: 23 years). Six of these patients 
had POR and 14 received a diagnosis of MCE. Regard-
ing motor function, all patients but two had motor 
deficit, with two patients having double hemiparesis 
(cases 2 and 7), while the remaining ones had hemi-
paresis contralateral to the lesion. Regarding gesta-
tional and neonatal history, four patients had a his-
tory of complications during delivery. Detailed clini-
cal data are presented in Table 1. 

Nineteen of the 20 patients had current or pre-
vious epilepsy at some time in life, with only six of 
them being controlled with antiepileptic drugs and 
seizure free for more than one year, while seven pa-
tients were considered refractory to treatment with 
antiepileptic drugs.

Video-EEG data showed that all patients had 
asymmetry of background rhythms. Two types of 
involvement were observed: asymmetry due to in-
creased slow activity and asymmetry due to depres-
sion of background rhythms (Table 2). Nineteen pa-
tients had increased slow activity in the injured hemi-

Table 1. Clinical data. 

Patient Age 

(yrs)

Sex Type of 

lesion

Side Motor status Perinatal  

complications

1 2 M MCE L R Hemiparesis –

2 3 F MCE BIL Di-paresis –

3 6 M MCE L R Hemiparesis –

4 6 F MCE L R Hemiparesis –

5 6 M MCE L R Hemiparesis Pre–eclampsia

6 7 M MCE L R Hemiparesis Hemorrhage

7 8 F MCE BIL Di-Hemiparesis –

8 9 M MCE R L Hemiparesis Prematurity

9 13 M MCE R L Hemiparesis –

10 18 F MCE L R Hemiparesis –

11 24 M MCE L R Hemiparesis –

12 30 F MCE L R Hemiparesis –

13 32 F MCE L R Hemiparesis –

14 46 M MCE L R Hemiparesis –

15 1 M POR R L Hemiparesis Post-term

16 2 M POR L R Hemiparesis –

17 2 M POR R L Hemiparesis –

18 9 F POR R – –

19 16 M POR R – –

20 21 M POR R L Hemiparesis –

MCE, multicystic encephalomalacia; POR, porencephaly; L, left; R, right; BIL, bilateral; F, female; M, male.
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sphere, with nine having depression of background 
rhythms ipsilateral to the lesion. Regarding non-ep-
ileptiform abnormalities, 10 patients had bursts of 
slow waves which were ipsilateral to the lesion in 
five patients, contralateral to the lesion in three, 
and bilateral in the remaining two patients. Epilep-
tiform abnormalities such as spikes, polyspikes, sharp 
waves and sharp-slow wave complexes were detect-
ed in 16 patients, 12 of them had discharges ipsi-
lateral to the lesion, three had bilateral discharges, 
and only one patient presented epileptiform activi-
ty in the hemisphere contralateral to the cavitary le-
sion (case 10). Epileptic discharges were visually as-
sessed and ranged from very frequent to absent, as 
shown in Table 2.

According to the criteria proposed by Barkovich, 
14 patients had MCE and six POR. Of the 14 patients 
with MCE, 12 presented moderate or intense gliosis, 
while two had only discrete gliosis. Four of the six pa-
tients with POR did not present gliosis, whereas the 

remaining two had only discrete gliosis. The corpus 
callosum was abnormal and thin in all patients ex-
cept one. The brainstem presented atrophy ipsilat-
eral to the lesion in 16 patients and was normal in 
four. No malformations associated with the destruc-
tive lesions were observed. Fifteen patients present-
ed atrophy of the cerebral parenchyma ipsilateral to 
the lesion. MR data are presented in Table 3.

We observed no significant correlations between 
type of lesion and presence of perinatal complica-
tions, or between the occurrence of epilepsy and 
frequency of epileptic discharges in the video-EEG 
and presence of gliosis. The p-value obtained for 
these correlations was higher than 0.05. On the oth-
er hand, a positive correlation was observed between 
gliosis and type of lesion (Table 4) and between fre-
quency of discharges and presence of atrophy (Table 
5). In the former case, all 14 patients with MCE pre-
sented gliosis ranging from discrete to intense, while 
it was absent in four of the six patients with POR. 

Table 2. Video-EEG data.

Patient Lesion Ipsilateral  

background 

slowing

Ipsilateral  

background 

depression

Non-epileptiform  

abnormality

Epileptiform 

discharges

Discharge 

frequency

Site of  

discharge

Side of  

discharge

1 MCE marked Yes -- SW – SLW, SW VF Frontal Left

2 MCE marked Yes -- SW – SLW, PS VF Generalized Bilateral

3 MCE mild Yes -- SW - SLW PF Frontal Left

4 MCE moderate Yes -- SW-SLW, SW VF Frontoparie-

tooccipital

Left

5 MCE marked Yes -- SW-SLW, SW VF Generalized Bilateral

6 MCE marked Yes -- SW, SK VF Frontal Bilateral

7 MCE marked -- Intermittent alpha SW VF Parietal Left

8 MCE -- -- Contralateral 

slow activity

-- -- -- --

9 MCE moderate Yes Ipsilateral slow activity SW IF Parietal Right

10 MCE marked Yes Intermittent alpha SW F Frontoparie-

totemporal

Right

11 MCE moderate -- Ipsilateral slow activity SW F Frontal Left

12 MCE mild -- Ipsilateral slow activity SW R Frontal Left

13 MCE mild -- Contralateral  

slow activity

-- -- -- --

14 MCE marked Yes Contralateral  

slow activity

SK, PSK VF Frontal Left

15 POR marked Yes Intermittent alpha -- -- -- --

16 POR marked -- Ipsilateral slow activity SW - SLW VF Parietal Left

17 POR marked -- Bilateral slow  

rhythmic activity

SW F Parietal Right

18 POR marked -- -- SW – SLW, PSK VF Parietal Right

19 POR mild -- Bilateral slow  

rhythmic activity

-- -- -- --

20 POR moderate -- -- SW, PSK VF Frontoparietal Right

SW, sharp wave; SLW, slow wave; SK, spike; PSK, polyspike; VF, very frequent; F, frequent; IF, infrequent; R, rare.
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Regarding the frequency of discharges and atrophy, 
we observed that 14 out of the 15 patients with at-
rophy presented epileptic discharges, while no dis-
charges were detected in three of the five patients 
without atrophy. 

DISCUSSION

In the present study we analyzed the clinical, elec-
trographic and imaging characteristics of patients 
with lesions of the POR and MCE type. Regarding 
clinical aspects, there was predominance of male pa-
tients (65%) and of motor deficit (80%). Congenital 
hemiparesis is the most common form of cerebral 
paralysis among term newborns10. Of the 16 patients 
with hemiparesis, 11 had it on the right, indicating 
predominant involvement of the dominant hemi-
sphere. Similar data were previously reported in a 
study involving 51 patients and showing greater in-
volvement of males and predominance of right-side 
hemiparesis11. The possibility of greater vulnerabil-
ity of the male brain and slower maturation of the 
dominant hemisphere were previously proposed by 
Taylor12. 

Regarding pre and perinatal history, four of the 
20 patients had suffered complications at the time 
of delivery, including pre-eclampsia, hemorrhagic 
gestosis, prematurity and post-term delivery with 
severe neonatal anoxia. These patients presented 
motor deficit and epilepsy. The brain lesions were 
associated with some degree of physical or mental 

Table 3. MR data.

Patient Lesion Side Gliosis* Corpus  

callosum

Brain stem  

atrophy

Hemispheric  

atrophy

1 MCE Left ++ Thin Ipsilateral Ipsilateral

2 MCE Bilateral ++ Thin Ipsilateral Ipsilateral

3 MCE Left ++ Thin Ipsilateral Ipsilateral

4 MCE Left ++ Thin Ipsilateral Ipsilateral

5 MCE Left +++ Thin Ipsilateral Ipsilateral

6 MCE Left +++ Thin Ipsilateral Ipsilateral

7 MCE Bilateral + Thin Ipsilateral Ipsilateral

8 MCE Right ++ Thin No No

9 MCE Right ++ Thin Ipsilateral Ipsilateral

10 MCE Left +++ Thin Ipsilateral Ipsilateral

11 MCE Left ++ Thin Ipsilateral Ipsilateral

12 MCE Left ++ Thin Ipsilateral Ipsilateral

13 MCE Left + Thin Ipsilateral No

14 MCE Left ++ Thin Ipsilateral Ipsilateral

15 POR Right No Thin Ipsilateral No

16 POR Left No Thin No Ipsilateral

17 POR Right No Thin No No

18 POR Right + Thin Ipsilateral Ipsilateral

19 POR Right + Normal No No

20 POR Right No Thin Ipsilateral Ipsilateral

Intense gliosis, +++; moderate gliosis, ++; discrete gliosis, +.

Table 4. Correlation between type of lesion and presence of 

gliosis.

Gliosis Type of lesion Total

MCE POR

Absent 0 4 4

Present 14 2 16

Total 14 6 20

p=0.003

Table 5. Correlation between the presence of atrophy and fre-

quency of epileptiform discharges.

Frequency of epileptiform  

discharges 

Atrophy Total

No Yes

Absent + Rare 4 1 5

IF + F + VF 1 14 15

Total 5 15 20

IF, infrequent; F, frequent; VF, very frequent; p=0.005
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impairment13. We observed that motor alterations or 
epilepsy were also present in the group of patients 
who had not suffered perinatal complications. 

Analysis of the video-EEG revealed asymmetry of 
background activity in all patients, characterized by 
depression ipsilateral to the lesion in 10 cases (50%) 
and disorganization of background activity ipsilateral 
to the lesion in 19 (95%). Of the 16 patients with 
epileptiform abnormalities in the EEG, only one had 
discharges originating in the hemisphere contralat-
eral to the lesion (case 10). The EEG of this patient 
showed disorganization and depression of back-
ground activity ipsilateral to the lesion, and presence 
of epileptic discharges in the contralateral hemi-
sphere, a fact that may be explained by the severe 
atrophy in the hemisphere containing the destruc-
tive lesion. Among the patients who did not present 
epileptiform abnormalities (cases 8,13,15,19), patient 
8 had a deeper lesion involving the white matter, 
patient 13 had a preserved remaining parenchyma 
with no evidence of atrophy, and patients 15 and 
19 showed no evidence of gliosis. The EEG is usually 
abnormal in the presence of POR14 and as previously 
reported, it shows background depression ipsilat-
eral to the cavitary lesion15. Background abnormali-
ties are more common in patients with hemispheric 
lesions16. A small proportion of these patients with 
extensive hemispheric damage show discordant lat-
eralization of epileptiform discharges and structural 
lesion16. Although a compensatory skull thickening 
is usually found, the false lateralization of the epi-
leptiform discharges seems to be more related to the 
EEG background depression and to the extension of 
cerebral lesion16. 

In the structural imaging exams, other abnormali-
ties were observed in addition to the presence of the 
destructive lesion. The corpus callosum was thin in 
19 patients. Although the corpus callosum is formed 
during an earlier phase of development, the pres-
ence of a formed, but thin corpus callosum may be 
the result of hypoxic-ischemic insults to the cortex or 
to the white matter after the complete formation of 
the corpus callosum (18 to 20 weeks)17. 

In our series, 17 patients additionally presented 
atrophy of the brain stem, Wallerian degeneration 
(WD) ipsilateral to the lesion and associated with the 
presence of motor deficit. In the MRC group the de-
gree of WD was correlated with the distribution and 
severity of the congenital hemiplegia18, and an im-
portant association between motor impairment and 
the degree of asymmetry of the brain stem was also 

observed. In the present study, we detected brain 
atrophy ipsilateral to the destructive lesion in 15 pa-
tients (75%). Some previous studies have correlated 
the presence of cortical and subcortical atrophy with 
the occurrence of epilepsy, the severity of motor im-
pairment and low intellectual quotient6,8,19. Hippo-
campal atrophy was also observed in patients with 
congenital destructive hemispheric lesion20. Indepen-
dently of the lesion type, POR or MRC, approximately 
two third of the patients had hippocampal atrophy 
without correlation with duration of epilepsy or sei-
zure frequency20 .

When we tried to correlate the frequency of epi-
leptic discharges with the presence of atrophy and 
gliosis, we observed a correlation between the fre-
quency of discharges and the presence of atrophy (p< 
0.05) but not between the frequency of discharges 
and the presence of gliosis (cases 15,16 and 17).

The response of the brain to an aggression is 
known to change according to the maturity of the 
organ at the time of the insult3,6,8, and the presence 
of gliosis is related to a better astrocyte response, a 
fact that theoretically occurs in more mature brains. 
In the present study we detected a correlation (p< 
0.05) between the type of lesion and gliosis, i.e., gli-
osis was more evident in the presence of MCE. This 
finding agrees with other literature reports demon-
strating that MCE is a lesion that occurs later and 
consequently involves more extensive gliosis5,7. In 
contrast, POR occurs earlier and is associated with a 
less intense glial reaction2,9,20,21. 

Previous studies employing magnetic resonance 
angiography (MRA) have proposed a classification 
based on the topographic distribution of the le-
sions22. Hemispheric lesions would correspond to an 
homogeneous atrophy of an entire hemisphere and 
in this series could be related to prolonged episodes 
of unilateral status epilepticus. Lesions limited to a 
main arterial territory would provoke cavitations or 
localized retractions of the cerebral tissue, leading 
to heterogeneous lesions corresponding to extensive 
gliotic scars. Lesions located between main cerebral 
arterial territories would be classified as arterial bor-
derzone lesions22. Interestingly the MRA studies cor-
roborated the hypothesis of a vascular nature for 
these insults and for most patients the degree of ce-
rebral blood flow impairment was proportional to 
the size of the MRI lesion22. In those cases of bor-
derzone lesions MRA was consistently normal and 
all of them had history of perinatal complications 
suggesting that hypoxia or other insults in infants 
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could lead to global hypoperfusion 22. Our cases fit 
in arterial territory lesions or combination of arterial 
territory lesions and borderzone lesions. In fact, a 
vascular etiology sometimes associated to perinatal 
complications seem to be the probable etiology of 
these cases.

In conclusion, this study demonstrated that early 
destructive lesions in the developing brain have poor 
correlation with clinical and eletrencephalographic 
outcome. The EEG abnormalities are nonspecific, 
only pointing to the presence of a focal brain lesion. 
However, there is a correlation between the frequen-
cy of epileptic discharges and the presence of atro-
phy, and between a MCE lesion and the presence of 
gliosis. Whether a causal relationship between the 
high frequency of discharges and the degree of brain 
atrophy exists this remains open and needs to be ad-
dressed in further studies.
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