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Disorders of early postnatal 
cerebellar development in preterm 
neonates: lesion patterns and 
immunohistochemical study

ABSTRACT

Background: Cerebellar destructive lesions in preterm neonates end in 
disruptive processes if survival is long enough. 

Materials and methods: We analyzed the gross and histologic find-
ings of cerebellar hemispheres in 111 preterm neonates (27-35 weeks 
gestational age, 1-41 days) using an injury assessment scale. Astrocytes 
and microglia were studied immunohistochemically through a scor-
ing system based on recognized classifications published elsewhere. 
Those data were statistically compared with each other as well as with 
time-related factors (postnatal and gestational age), brain findings, and 
clinical data.

Results: Two types of lesions were found: a) destruction (cell death, 
inflammation, infarct, hemorrhage), headed by astrocytic and mi-
croglial reaction in the internal granular layer and white matter; and 
b) disruption/underdevelopment (alterations in cerebellar weight and 
morphometry of the cerebellar cortical strata). Both processes were 
depicted by four lesion patterns. Initial destruction followed by disrup-
tion was frequently suspected in cases showing images of destruction, 
immature cortical mantles and a long survival. Congenital disruption 
with superimposed destruction was also considered in a few cases.

Immunohistochemical studies revealed a positive correlation between 
astrocytosis/microgliosis, time-related factors, lesion patterns, and 
cerebral findings. 

Conclusions.   Early changes were mild and not specific. In cases of long 
survival time, spatial-temporal regulated events beginning with destruc-
tive injuries (internal granular layer and white matter), and ending with 
disruptive disturbances (cortical layers) were operative. Although lesion 
patterns correlated well with immunohistochemistry patterns, cerebral 
findings, and to some extent with perinatal data, a specific cause-effect 
relation between type of injury and histopathology could not be found.
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Alteraciones del desarrollo postnatal 
temprano en el cerebelo del recién 
nacido pretérmino: patrones de lesión y 
estudio inmunohistoquímico

INTRODUCTION

That preterm neonates display cerebellar le-
sions is a well-known fact.1,2 In the last three 

decades numerous investigations have descri-
bed important morphological aspects related 
to the undersized cerebellum, most of them 
increasingly recognized through neonatal 

RESUMEN

Antecedente: Las lesiones destructivas del cerebelo en el recién nacido 
pretérmino concluyen en procesos disruptivos si la sobrevida es sufi-
cientemente prolongada. 

Material y método: Se analizaron los hallazgos macro-microscópicos 
de 111 hemisferios cerebelosos de recién nacidos pretérmino (27-35 
semanas de edad gestacional, 1-41 días) usando grados de lesión; los 
astrocitos y la microglia se estudiaron con inmunohistoquímica en base 
a clasificaciones reconocidas. Los datos obtenidos se compararon es-
tadísticamente entre sí y con factores cronológicos (edades gestacional 
y postnatal), hallazgos en el cerebro, y datos clínicos.

Resultados: Se hallaron dos tipos de procesos: a) destructivos, (muerte 
celular, inflamación, infartos, hemorragia), con astrocitosis y micro-
gliosis en capa granular interna y sustancia blanca; b) disruptivos/
dismadurativos (alteración del peso cerebeloso y la morfometría de 
las capas cerebelosas). La combinación generó 4 patrones de lesión. 
La destrucción inicial seguida de disrupción se sospechó en casos con 
destrucción, estratos corticales inmaduros y sobrevida prolongada. La 
disrupción/dismadurez congénita con imagen superpuesta de destruc-
ción estuvo presente en pocos casos. La inmunohistoquímica mostró 
una correlación positiva entre astrocitosis/microgliosis, factores cro-
nológicos, patrones de lesión, y hallazgos en el cerebro. 

Conclusiones: Los cambios tempranos fueron leves e inespecíficos. Los 
casos con larga sobrevida presentaron una secuencia espacio-temporal 
que comenzó con lesiones destructivas en capa granular interna y 
sustancia blanca y concluyó en procesos disruptivos en la corteza 
cerebelosa. Aunque los patrones de lesión correlacionaron con las 
reacciones inmunohistoquímicas, con los hallazgos cerebrales y hasta 
cierto punto con los antecedentes perinatales, no se halló una relación 
puntual de tipo causa-efecto entre tipo de injuria e histopatología en 
los casos estudiados.

Palabras clave: cerebelo, desarrollo, inmunohistoquímica, neuropato-
logía, recién nacidos pretérmino.
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brain imaging.3-8 Indeed, pathology studies 
including experimental ones, have been much 
less frequent.1,2,9-16 Thus far, investigations 
have shown evidence of delayed postnatal 
cerebellar growth related to injuries which, 
in the vast majority of cases, also affected 
the rest of the brain. Changes at the cellular 
level are a common finding in both the cortex 
and the white matter of the cerebellum, with 
large destructive lesions being a less frequent 
phenomenon.10

In a previous study17 we described the early 
changes in 111 cerebella from preterm neo-
nates emphasizing their relationship with 
time-related factors, such as postnatal and 
gestational age. Those changes were destruc-
tive and disruptive (developmental) in nature. 
The ones with a destructive lesion pattern see-
med to be the result from direct and indirect 
mechanisms of injury, while developmental 
alterations appeared later and seemed to be an 
overlapped secondary phenomenon. Following 
this reasoning, we also suggested that sequen-
tial events beginning with destructive injuries 
and ending with disruptive disturbances would 
be operative in cases where the lesion appears 
as a mixture of destructive and developmental 
processes. This observation was most evident 
in cases with longer survival time.10 However, 
a more detailed investigation describing le-
sion patterns and using immunohistochemical 
techniques was not performed at that time.17 
In the present study, we apply such techni-
ques to the same 111 cases, implementing a 
corresponding scoring system to interpret the 
results. The aim is to describe the participation 
of astrocytic and microglial cell populations in 
the different lesion patterns, to correlate the 
intensity of those reactions with the previously 
described time-related factors,17 and to find a 
sequence of images which would ultimately 
characterize the spectrum of both destructive 
and disruptive injury patterns.

MATERIALS AND METHODS

Cases: Clinical data and main characteristics of 
this cohort have been published previously.17

a) Procedures

The material under study came from our files; 
samples had been fixed in 10% formaldehyde 
(Merck) in 0.2 M Ringer-lactate buffer, pH 7.4 
for at least 7 days and were either sagittally 
sectioned (66 cases) as previously described18 or 
transversely sectioned (45 cases). The samples 
so obtained were processed for paraffin em-
bedding according to standard methods. 5 µm 
thick sections were stained with hematoxylin 
and eosin.

Immunohistochemistry

GFAP. Sections were deparaffinized in xilene, 
hydrated in graded etanol, washed in PBS and 
blocked for 20 minutes. After washing in PBS 
sections were incubated for 60 minutes in 
polyclonal anti-GFAP (Biogenex, San Ramón, 
CA, USA), washed in PBS, and incubated with 
super-sensitive link-label detection system. The 
immunoreaction was visualized using DAB, 
counterstained with Mayer’s Hematoxylin, de-
hydrated and mounted.

CD68. Sections were processed as previously 
described for GFAP. Antigenic retrieval was 
performed with citrate buffer before incubation 
with monoclonal anti-CD68 (Biogenex, San 
Ramón, CA, USA).

b) Gross and histologic measurements, 
neuropathology findings, and scoring system 

Measurements were performed as previously 
described.17 Grading of cerebellar lesions in mild 
or severe resulted from adding gross, morphome-
tric and neuropathological data.17 Two postnatal 
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groups —<7 days (n=56); >7 days (n=55) — and 
three gestational groups — 27-29 (n=35), 30-33 
(n=54), and 34-35 (n=22) weeks gestational age 
— were also registered.

c) Cerebellar lesion patterns. Destruction and 
disruption

Destruction was diagnosed when apoptosis, 
necrosis, abscess, hemorrhage or gliosis were 
evident in the cerebellar cortex or the white 
matter. Apoptosis was regarded as a micro-des-
tructive process, because the resulting effect in 
the preterm cerebellum is loss of the original 
neuronal population. This micro-destructive 
process should be contrasted with the more 
widespread damage caused by hemorrhage and 
infarction. (Supporting information related to 
the concept of apoptosis and necrosis at www.
pretermcerebellum.org).

Changes in the cerebellum with a destructive 
process

- Decreased external granular layer with 
evident apoptosis.

- Diminished molecular layer (presumed to 
be a secondary effect).

- Apoptosis/necrosis in Purkinje cells, with 
variable number of cells per segment.

- Diminished density of cells in the internal 
granular layer, with evident apoptosis.

- Cystic change in the white matter.

(Reactive astrocytosis/microgliosis present with 
variable intensity).

Disruption was diagnosed when changes in mor-
phometry of the cortical layers, accompanied or 
not by underweight of the cerebellum, were pre-
sent. The changes considered as representative 
of altered development and maturation included 
the following:

Changes in cerebellar layers showing a pattern 
of immature cortical layers (*)

- External granular layer with increased 
thickness

- Diminished molecular layer 
- Increased number of Purkinje cells per 

segment 
- Diminished density of cells in the internal 

granular layer 

(*) Related to gestational or post-conceptional age.

Both patterns (destruction and disruption) were 
found as separated pictures, or more frequently 
combined as an amalgam of features. Taking 
into account those characteristics, as well as 
the changes in the white matter and the lesion 
degree, the following four categories arose: 
Destruction + Disruption, Minimal changes, 
Disruption, and Destruction (Table 1).

d) Scoring system for immunohistochemical 
results. 

The classification of Sofroniew and Vinters was 
used as reference for grading of astrocytosis as 
mild, moderate and severe (Figure 1, Table 2).19 

Table 1. Histologic characteristics of 4 lesion patterns in 
preterm cerebellum

Lesion 
pattern

(n)

Dis 
changes

(n)

Des 
changes

(n)

White 
matter

(n)

Lesion 
degree

(n)

Des-dis
(62)

Present
(62)

Present
(62)

Present/absent
(43)/(19)

Mild/severe
(8)/(54)

MCH
(20)

Minimal/
absent
(16)

Minimal/
absent
(19)

Absent Mild
(20)

Dis
(7)

Present
(7)

Minimal/
absent

(7)

Absent Mild/severe
(3)/(4)

Des
(22)

Absent Present
(22)

Present/absent
(14)/(8)

Mild/severe
(14)/(8)

Abbreviations: Dis, disruptive; Des, destructive; Des-dis, 
destructive and disruptive; MCH, minimal changes.
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Microgliosis was referred to as resting, reactive 
or phagocytic microglia (Figure 2, Table 3).20,21

The results of both astroglial and microglial 
immunohistochemistry were categorized using 

a three-grade scale. The most severely affected 
fields were scored in each case.  The categories 
included: 0 as absence/isolated non-reactive 
astroglial (normal) or microglial (resting) cells 
(n=15); A as mild to moderate astrocytosis/
reactive microgliosis (n=36); and B, as severe 
astrocytosis/phagocytic microgliosis or both 
(n=60). Pattern B was associated with a signifi-
cant degree of GFAP and CD68-positive cells.

In each case the lesion and the immunohis-
tochemical patterns were compared with 
the time-related factors (gestational age and 
postnatal age) and with lesion degree (gross + 
morphometric + neuropathological data). As 
lesion pattern and lesion degree were designed 
using similar variables, lesion degree was not 
included in the statistical analyses (see below).

Figure 1. Grading of astrocytosis. A. Normal, with 
sparse non-reactive astrocytes that express GFAP 
(arrows). B. Mild to moderate, with hypertrophic 
sparse astrocytes and little astrocytic proliferation. C. 
Severe diffuse, showing proliferation of hypertrophic 
astrocytes. A-C: GFAP.

Figure 2. Grading of microgliosis. A. Resting. Microglia with small elongated cytoplasm (arrows). B. Reactive. 
Sparse activated microglia shows enlargement of the cell body (arrows). C. Phagocytic. Very frequent images of 
macrophagic microglia, CD 68+, without astrocytic reaction. D. Phagocytic. Macrophagic microglia with large 
cytoplasm full of cellular debris, CD68+ (arrows) along with frequent reactive astrocytes. A-D: CD68. Abbre-
viations: A, hypertrophic binucleated astrocytes.

Table 2. Scoring system for astrocytosis19

Normal 
Sparse non-reactive astrocytes express GFAP
Little or no astrocytic proliferation

Mild to moderate reactive astrocytosis
Most astrocytes express GFAP
Sparse astrocytes are hypertrophic
Individual domains are preserved
Little astrocytic proliferation 

Severe diffuse reactive astrocytosis
Most astrocytes are hypertrophic and GFAP+
Disruption of individual domains
Evident astrocytic proliferation

Table 3. Scoring system for microgliosis20,21

Resting
Ramified microglia, with small citoplasm and long 
processes

Reactive
Activated microglia shows enlargement of the cell body 
and retraction of cellular processes (CD68+)

Phagocytic
Macrophagic microglia (CD68+) is devoid of processes 
and shows a round large cytoplasm containing cellular 
debris
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Statistical analyses

The relationship for each lesion pattern, between 
post natal age, weeks of gestational age and 
cerebellum weight were analyzed through con-
tingency tables and chi-squared test, considering 
statistically significant p-values <0.05. Using 
the cases with lesion patterns which showed a 
clear association between categories we run a 
multiple correspondence analysis (MCA- “Fac-
toMineR” package for R software, Core Team 
2013) using the same variables as before plus 
immunohistochemical data. The primary purpose 
of the technique is to produce a simplified (low-
dimensional) representation of the information 
of categorical variables in our original frequency 
tables. As a result we obtain a more clear view of 
the underlying structure of our data. All data were 
analyzed using R sofware (R Core Team 2013).

RESULTS

1. Lesion patterns

1.1. Destruction and disruption

There were 62 cases presenting a pattern of 
destruction and disruption (Figure 3), (Table 4). 
This pattern was found to be associated with 
time-related variables as well as cerebellar 
weight (X-squared = 86.2581, df = 11, p-value = 
8.985e-14). In particular, this pattern was mostly 
associated with cases that were born between 
30-33 weeks gestational age, were more than 7 
days of postnatal age, had low cerebellar weight 
(Table 4) and presented normal weight for gesta-
tional age in 60% of the cases (37/62, data not 
shown). Moreover, this lesion pattern was also 
highly related to immunohistochemical pattern 
B (see section 3). When taking into consideration 
the 39 cases with a pattern of destruction and 
disruption that reached a postnatal age longer 
than 7 days, 82% (32/39) showed immunohis-
tochemical pattern B (data not shown).

Sequence. With respect to the sequence in which 
both destructive and disrupted changes presuma-
bly occurred, there were blurred limits between 
those images in 15/62 cases, all of them living 
less than 7 days. Another case showed evident 
signs of in utero destructive lesion (Figure 4). In 
39 cases with a prolonged life span (from 7 to 
41 days), the severe images of destruction were 

Figure 3. Lesion pattern of destruction-disruption. A. 
Short folia with narrow cortex and pallor of the white 
matter. B. Absence of the external granular layer. C. 
(GFAP). Gliosis at the molecular layer, replacement of 
the Purkinje cells by Bergman glia (arrows) and scarce 
granules at the internal granular layer. D. (GFAP). Mi-
crocystic change and reactive astrocytosis at the white 
matter (arrows). E, F. (CD68). Diffuse microgliosis from 
molecular layer to white matter. Immunohistochemical 
result was graded B. Body, cerebral and cerebellar 
weights were below normal values for gestational and 
post-conceptional age. Supratentorial findings revealed 
hypoxic-ischemic encephalopathy with cystic leukoen-
cephalomalacia, reactive astrocytosis in the cerebral 
white matter and peri-intraventricular hemorrhage 
grade III. A, B: Hematoxylin and eosin. C, D: GFAP. E, 
F: CD68. Scale bar: 500 µm (A), 100 µm (B), 50 µm 
(C-F). Abbreviations: d, day; w, week.
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accompanied by immature mantles such as di-
minished molecular layer and, more frequently 
numerous and small Purkinje cells per segment 
and scarce internal granules (Figures 3 and 5). 
Increased thickness of external granular layer 
was less frequent.

Only 7 cases living 5 days or less showed 
features that suggested a sequence of primary 
disruptive/developmental changes with a se-
condary destruction. Those consisted of one 
or more of the following changes: diminished 
external granular layer, diminished molecular 
layer, immature Purkinje cell layer, and scarce 
granules at the internal granular layer, along 
with apoptosis interpreted as a superimposed 
change (Figures 6-8). Notably, all the 7 cases had 
normal cerebellar weight and only one showed 
strong reaction for astrocytes and microglia in the 
immunohistochemistry. Supratentorial findings 
were unremarkable in three cases.

Figure 4. Lesion pattern of destruction-disruption. A. 
Calcified Purkinje cells (short arrows) are an evident 
image of an in utero destructive lesion in this case. 
Signs of disruption are observed as immature small 
and numerous Purkinje cells at the remnants of that 
layer; external granular layer is diminished. B. Proli-
feration of Bergman glia (long arrows) and reactive 
astrocytosis at internal granular layer and subjacent 
white matter. Immunohistochemical result was graded 
B. Body and cerebral weights were low for gestatio-
nal age. Supratentorial findings revealed a bilateral 
peri-intraventricular hemorrhage. A: Hematoxylin and 
eosin. B: GFAP. Scale bar: 50 µm (A, B). Abbreviations: 
d, day; w, week. 

Table 4. Cross tabulation of destructive a nd disruptive pattern, across time-related factors (weeks of gestational age (WGA), 
post natal age (PNA)) and cerebellar weight (cw)

PNA
WGA

Total27-29 30-33 34-35

<7

cw

Low

Count 1 8 1 10
% within cw (Rows) 10,0% 80,0% 10,0% 100,0%
% within WGA (Columns) 25,0% 61,5% 14,3% 41,7%
% of Total 4,2% 33,3% 4,2% 41,7%

Normal

Count 3 5 6 14
% within cw (Rows) 21,4% 35,7% 42,9% 100,0%
% within WGA (Columns) 75,0% 38,5% 85,7% 58,3%
% of Total 12,5% 20,8% 25,0% 58,3%

Total
Count 4 13 7 24
% of Total 16,7% 54,2% 29,2% 100,0%

>7

cw

Low

Count 6 24 3 33
% within cw (Rows) 18,2% 72,7% 9,1% 100,0%
% within WGA (Columns) 75,0% 92,3% 75,0% 86,8%
% of Total 15,8% 63,2% 7,9% 86,8%

Normal

Count 2 2 1 5
% within cw (Rows) 40,0% 40,0% 20,0% 100,0%
% within WGA (Columns) 25,0% 7,7% 25,0% 13,2%
% of Total 5,3% 5,3% 2,6% 13,2%

Total Count 8 26 4 38
% of Total 21,1% 68,4% 10,5% 100,0%
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(5/7) were small for gestational age, 86% (6/7) 
had less than 7 days of postnatal age, and 57% 
(4/7) were born at 34-35 weeks gestational age.

Immunohistochemical reactions showed: pattern 
0, 29% (2/7); pattern A, 43% (3/7), and pattern B, 
29% (2/7). Consequently there was a significant 
positive association between low cerebellum 
weight, low post natal age and a longer gestatio-
nal age (X-squared = 25.5714, df = 11, p-value 
= 0.007513). 

There was no significant association between the 
measured variables and the cases with an isola-
ted pattern of destruction (X-squared = 16.1818, 
df = 11, p-value = 0.1345).

Figure 5. Lesion pattern of destruction-disruption. A. 
Diminished external granular layer, reactive astrocytes 
in molecular layer (arrows), immature Purkinje cell 
layer and scarce granules at the internal granular layer. 
B. Reactive astrocytes at the molecular (short arrow) 
and internal granular layer (long arrows) are positive 
for GFAP. C. Phagocytic microglia is seen in the white 
matter (long arrows). Immunohistochemical result was 
graded B. In this case, as in case 49 in Figure 3, the 
prolonged life span favored the diagnosis of a secon-
dary disruption. Body, cerebral and cerebellar weights 
were below normal values for post-conceptional age. 
Supratentorial findings showed peri-ventricular he-
morrhage grade IV with hydrocephalus, and hypoxic-
ischemic encephalopathy with hemorrhagic infarct of 
the central white matter. A: Hematoxylin and eosin. B: 
GFAP. C: CD68. Scale bar: 50 µm (A-C). Abbreviations: 
d, day; w, week.

1.2. Minimal changes

This pattern was found in 20 cases. Its occurren-
ce was not independent of the other variables 
assessed (X-squared = 52, df = 11, p-value = 
2.726e-07), being more frequent in cases born 
at 27-29 weeks, that lived less than 7 days, had 
normal cerebellar weight (Table 5), and were 
normal weight for gestational age (65%; 14/20) 
(data not shown). All of these cases showed mild 
degree of lesion, and 75% (15/20) showed immu-
nohistochemical reaction grade 0 or A (non-B) 
(see section 3). (Figures 9-11).

1.3. Pattern of disruption and pattern of 
destruction

All the cases with an isolated pattern of disrup-
tion had low cerebellar weight (100%; 7/7), 71% 

Figure 6. Lesion pattern of disruption with superim-
posed changes of destruction. A. Molecular layer is 
slightly thin, Purkinje cells are small and immature, 
and internal granular layer is evidently diminished 
compared with case control in (B); isolated necrosis/
apoptosis is seen without severe signs of destruction 
in this case. C, D. Immunohistochemistry showed no 
reactive astrocytes (C) and tiny microglial cells with 
mild reactivity (D, arrows). Immunohistochemical 
result was graded A. Body, cerebral and cerebellar 
weights were normal for gestational age, and the cere-
brum was grossly and histologically unremarkable. A, 
B: Hematoxylin and eosin. C: GFAP. D: CD68. Scale 
bar: 50 µm (A-D). Abbreviations: d, day; w, week.
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Immunohistochemical reactions showed: pattern 
0, 23% (5/22); pattern A, 27% (6/22), and pattern 
B, 50% (11/22). 

2. White matter

White matter lesions were evident as edema 
and microcystic change, along with variable as-
trocytosis and microgliosis. Those lesions could 
be found at the center and the base of the folia 
more commonly than in the white matter of the 
crown. However, the most affected areas were 
localized in deeper zones: the deep white matter 
and the periphery of the dentate nucleus. A few 
cases showed small foci of necrosis, hemorrhage 
and embolic microabscesses. 

There was an association of those changes with 
time-related variables, cerebellar weight, des-
tructive processes and immunohistochemical 
pattern B. Moreover, long-standing destructive 
processes in the cerebellar white matter were 
associated with disruptive lesions, particularly 
in the cortical strata (Figure 12).

3. Immunohistochemical patterns

In a second part of the analysis the immunohis-
tochemical pattern variable was added to the 
dataset, as well as cerebral finding variables (see 
below). A Multiple Correspondence Analysis 
was performed and the focus was centered on 
cases showing disruptive and destructive pattern 
and minimal changes pattern because these 
cases showed significant association between 
time-related (gestational and postnatal age) and 
morphological (cerebellar weight, lesion and im-
munohistochemical patterns) variables. Figure 13 
shows the first two dimensions of the Multiple 
Correspondence Analysis which accounted for a 
substantial percentage (52.82%) of the variation. 
This regrouping of the data gives as a result two 
clear groups, as indicated by the relations found 
when analyzing the contingency tables. Cases 

Figure 8. Lesion pattern of disruption with superimpo-
sed changes of destruction.  A. External granular layer 
is diminished, and Purkinje cells look immature (small, 
round and numerous) in comparison with control in 
(D); necrosis/apoptosis are seen in Purkinje cells and 
internal granular layer. B, C. Immunohistochemistry 
showed reactive sparse astrocytes (arrows), and mini-
mal reaction for microglial population. Immunohisto-
chemical diagnosis was grade A. Body and cerebral 
weight were below normal values, but cerebellar 
weight was normal for gestational age. Supratentorial 
findings were unremarkable. A, D: Hematoxylin and 
eosin. B: GFAP. C: CD68. Scale bar: 50 µm (A-D). 
Abbreviations: d, day; w, week.

Figure 7. Lesion pattern of disruption with supe-
rimposed changes of destruction. A. Foliar shape is 
preserved although cortical layers are not. B. External 
granular layer is slightly thick and molecular layer 
is thin. Purkinje cells are small, numerous and with 
less arborization than control case (right side of the 
picture). Isolated images of necrosis/apoptosis are seen 
through Purkinje cell and internal granular layer. C. 
Microglial activation and sparse phagocytes (arrows) 
are seen in the white matter without microcystic chan-
ge. Immunohistochemical result was graded B. Body 
weight was low, but cerebral and cerebellar weights 
were normal for gestational age. Supratentorial fin-
dings showed multiple foci of acute leukoencepha-
lopathy. A, B and control: Hematoxylin and eosin. C: 
CD68. Scale bar: 50 µm (B, C and control). Original 
magnification: A, x10. Abbreviations: d, day; w, week.
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with destructive and disruptive pattern appear 
associated with immmunohistochemistry B pat-
tern, and this type of lesion is more frequent in 
cases with low cerebellar weight, 30-33 weeks 
of gestational age and more than a week of post 
natal age. Cases with minimal changes lesion 
pattern are associated with 0/A immunohisto-
chemistry pattern, and this type of lesion is more 
frequent in cases with normal cerebellar weight, 
27-29 weeks of gestational age and less than a 
week of postnatal age.

4. Cerebral findings

The cases with lesion pattern of destruction and 
disruption showed peri-intraventricular hemo-
rrhage and hypoxic-ischemic encephalopathy 
as main cerebral findings in 42% (26/62) and 
63% (39/62) of the cases, respectively (Table 6). 
However, 81% (50/62) of those cases presented 

different involvement by hypoxic-ischemic chan-
ges in the cerebrum (data not shown). 

Of note, in the group with minimal changes 
lesion pattern, mild cerebral changes were 
observed in 50% (10/20) of the cases (small 
periventricular hemorrhage, 1 case; isolated neu-
ronal necrosis, 9 cases), and hypoxic-ischemic 
encephalopathy in 1 case. With respect to the 
immunohistochemical study, 77% (46/60) of the 
cases with a pattern B with hemorrhagic (40%; 
24/60, Table 6) or ischemic (62%; 37/60, Table 
6) supratentorial processes showed involvement 
by hypoxic- ischemic changes in the cerebrum 
(data not shown).

As far as time-related factors and cerebral 
findings, the lesion patterns showing opposite 
results (minimal changes vs destructive and 
disruptive) also formed two distinct groups: 1) 

Table 5. Cross tabulation of Minimal Changes pattern, across time related factors (weeks of gestational age (WGA), post natal 
age (PNA)) and cerebellar weight (cw)

PNA
WGA

Total27-29 30-33 34-35

<7

cw

Low

Count 2 0 0 2
% within cw (Rows) 100,0% ,0% ,0% 100,0%
% within WGA (Columns) 16,7% ,0% ,0% 11,8%
% of Total 11,8% ,0% ,0% 11,8%

Normal

Count 10 2 3 15
% within cw (Rows) 66,7% 13,3% 20,0% 100,0%
% within WGA (Columns) 83,3% 100,0% 100,0% 88,2%
% of Total 58,8% 11,8% 17,6% 88,2%

Total Count 12 2 3 17
% of Total 70,6% 11,8% 17,6% 100,0%

>7

cw

Low

Count 1 0 0 1
% within cw (Rows) 100,0% ,0% ,0% 100,0%
% within WGA (Columns) 100,0% ,0% ,0% 33,3%
% of Total 33,3% ,0% ,0% 33,3%

Normal

Count 0 1 1 2
% within cw (Rows) ,0% 50,0% 50,0% 100,0%
% within WGA (Columns) ,0% 100,0% 100,0% 66,7%
% of Total ,0% 33,3% 33,3% 66,7%

Total Count 1 1 1 3
% of Total 33,3% 33,3% 33,3% 100,0%
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early gestational age, postnatal age of less than a 
week, normal cerebellar weight, mild cerebellar 
lesions, mild reaction in immunohistochemistry, 
and a tendency to mild incidence of hypoxic-
ischemic encephalopathy or of minimal changes 
in the cerebrum. Table 6 shows the same trend in 
a univariate fashion; 2) gestational age beyond 30 
weeks, postnatal age longer than a week, low ce-
rebellar weight, severe cerebellar lesions, strong 
reaction in the immunohistochemistry, and 
hypoxic-ischemic encephalopathy. The presence 
or absence of peri-interventricular hemorrhage 
had a weaker relation with both groups, although 
there is a tendency to its occurrence in the first 
group described, as well as its absence in the 
second. This trend is also observed in Table 6, 

where gestational age and peri-interventricular 
hemorrhage are analyzed in a univariate fashion. 

5. Clinical correlates

Obstetrical complications were not significantly 
related to lesion pattern (Pearson Chi-Square= 
2.736, p= 0.841) and immunohistochemical 
patterns (Pearson Chi-Square= 4.388, p=0.11), 
and were not significantly associated with 
gestational age (Pearson Chi-Square=3.322, 
p=0.505). Likewise, idiopathic respiratory dis-
tress syndrome was not significantly associated 
with these variables (idiopathic respiratory 
distress syndrome vs. lesion pattern: Pearson 
Chi-Square=3.914, p=0.688; idiopathic respira-

Figure 9. Lesion pattern of minimal changes. A, B. Fo-
liar and cortical layers structure is preserved, although 
reactive astrocytes and microglia are seen in (C) and 
(D) (arrows). Purkinje cells show isolated images of 
necrosis. Immunohistochemical diagnosis was grade 
B. Body, cerebral and cerebellar weight were normal 
for gestational age. Supratentorial findings were unre-
markable. A,B: Hematoxylin and eosin. C: GFAP. D: 
CD68. Scale bar: 50 µm (B). Original magnifications: 
A, x2.5; C, D, x10. Abbreviations: d, day; w, week.

Figure 10. Lesion pattern of minimal changes. A, B. 
Cortical layers are preserved. C-D. Reactive astrocyto-
sis was found in the foliar white matter (D) but not in 
the cortex (C). E. Tiny and sparse microglial cells were 
seen in the internal granular layer (arrows). Isolated 
figures of necrosis and apoptosis displayed through the 
cortical layers. Immunohistochemical diagnosis was 
grade A. Body and cerebral weights were normal, but 
cerebellar weight was low for post-conceptional age. 
Subdural hemorrhage was found in the supratentorial 
region. A, B: Hematoxylin and eosin. C, D: GFAP. E: 
CD68. Scale bar: 100 µm (A), 50 µm (C-E). Original 
magnification: B, x20. Abbreviations: d, day; w, week.  
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tory distress syndrome vs. immunohistochemical 
pattern: Pearson Chi-Square=0.396, p= 0.820; 
idiopathic respiratory distress syndrome vs. 
weeks of gestational age: Pearson Chi-Square= 
7.860, p=0.0972). Nonetheless, there was a high 
proportion of cases with idiopathic respiratory 
distress syndrome in the group with disruptive 
pattern of lesion who were low weight for gesta-
tional age, in those with negative or mild reaction 
in the immunohistochemistry (pattern 0/A), and 
in those cases born at 27-29 weeks gestational 
age (Table 6).

DISCUSSION

In a previous study we described the changes in 
the cerebellum of preterm neonates from the first 
day of postnatal age.17 Those alterations showed 

Figure 11. Lesion pattern of minimal changes.  A, 
B. Foliar and cortical layers structure is preserved. 
No necrosis, reactive astrocytes (C) or microglia (D) 
is evident. Immunohistochemical result was graded 
0. Body weight was low, but cerebral and cerebellar 
weights were normal for gestational age. Periventricu-
lar hemorrhage was the only finding in the cerebrum. 
A, B: Hematoxylin and eosin. C: GFAP. D: CD68. 
Original magnifications: A, x2.5; B, x10; C, D, x20. 
Abbreviations: d, day; w, week.

a spectrum of intensity, beginning with a pattern 
of minimal changes, and ending with a mixed 
pattern of destruction and disruption usually with 
low cerebellar weight. Indeed, it was found that 
with longer survival times, destructive injuries 
were almost always followed by evident disrup-
tive developmental changes, especially from 30 
gestational weeks on.

In the present study we analyzed the previously 
described processes of destruction and disrup-
tion, along with the specific lesion patterns and 
the corresponding results of immunohistoche-
mical techniques.

Four lesion patterns were found:

1. A sequential pattern of destruction plus se-
condary disruption, or a sequential pattern of 
primary hypoplasia plus additional destruction.

Cases with an evident sequence of destructive-
disrupted pattern of lesion were mostly linked 
to time-related factors highly associated with 
cerebellar lesions.17 Interestingly, nearly all those 
cases reaching a post-natal age longer than 7 
days showed a strong reaction in the immuno-
histochemical techniques, although remarkable 
astroglial and microglial reaction were recog-
nized mostly in the internal granular layer and 
white matter, and were less evident or not present 
in the rest of the cerebellar cortical layers.

One case deserves special comments. The fin-
ding of calcified Purkinje neurons along with 
evident images of immature cortical mantles in 
a case living only 3 days, allowed us to suspect 
an in utero injury of the cerebellum. Although 
beginning some days or weeks before delivery, in 
this case the sequence was likewise destruction-
disruption.

Seven cases living 5 days or less were suspected 
to show an inverted sequence (disruption-des-
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Figure 12. Increasing lesions were accompanied by strong astroglial and microglial reaction. A. Foliar pattern is 
preserved, although meningitis and infection with candida (abscesses shown by arrows) are evident. B. Necrosis 
of Purkinje cell layer, proliferation of Bergman glia (short arrows), and reactive astrocytes (long arrows) accom-
panying microcystic change of the white matter. C. Apoptosis is spread through the cerebellar parenchyma with 
phagocytic microglia mainly at the internal granular layer and white matter at the center of the folia (arrows). 
Immunohistochemical grading was B; body, cerebral and cerebellar weights were normal for gestational and 
post-conceptional age, and supratentorial findings included hypoxic-ischemic encephalopathy, candida abscesses 
and meningitis. This case was considered as a destructive lesion pattern because neither signs of immature folia 
nor immature cortical layers were found. D. Short wide folia, blurred cortical structure and pallor of the white 
matter characterized this case. At a higher magnification (E), diminished molecular layer, apoptosis/necrosis of 
the external and internal granular layers and Purkinje cells were evident, as well as microcystic change with 
numerous reactive astrocytes mainly in the white matter. Even more striking was phagocytic microglia (F). 
Immunohistochemical grading was B; body and cerebral weight were normal, but cerebellar one was low for 
post-conceptional age. Hypoxic-ischemic encephalopathy with brain stem involvement, peri-intraventricular 
hemorrhage with hydrocephalus, and meningitis with encephalitis were found in the CNS. This case is a good 
example of a destructive process associated with three evident disruptive lesions: diminished molecular layer, 
underdeveloped foliar structure and cerebellum underweight. G. Folia are thin and long, and show a modified 
cortical structure. H. External granular layer is thin, and Purkinje cell and internal granular layers are strikingly 
diminished, with proliferation of Bergman glia.  White matter is translucent showing a spongy character. Reactive 
astroglia (H) and phagocytic microglia (I) populations are evident (arrows in (H) and (I)). Immunohistochemical 
study was graded B. Body weight was low for gestational age, cerebral weight was normal, and the cerebellar one 
was low for gestational and post-conceptional age. Supratentorial findings included hypoxic-ischemic encepha-
lopathy (mainly periventricular leukomalacia) and peri-intraventricular hemorrhage, coupled with necrosis and 
diffuse gliosis of the brain stem. Although images were histologically destructive, the cerebellum underweight 
and the atrophic folia assessed this case as an example of a destructive-disruptive lesion pattern. J. Slightly long 
and thin folia with preserved structure. K. Diffuse reactive astrocytosis in the subcortical and subfoliar (inset) 
white matter together with phagocytic microglia (L). Molecular and Purkinje cell layers were diminished for 
gestational age.  Immunohistochemical grading was B. Body, cerebral and cerebellar weights were normal for 
gestational age. Findings at the CNS were hypoxic-ischemic encephalopathy with particular involvement of the 
periventricular white matter, hemorrhage and necrosis of the germinal matrix, and diffuse gliosis of the sube-
pendimal area. Some of these changes showed histological images of subacute compromise. This is an example 
of a milder grade of destructive-disruptive lesion pattern, perhaps beginning some days before delivery, and 
ending after a short postnatal life. A, D, G, J:  Hematoxylin and eosin. B, E, H, K: GFAP. C, F, I, L: CD68. Scale 
bar (E): 50 µm (B, C, E, F, H, I, K, L).  Original magnifications: A, D, G, J, x2.5. Abbreviations: d, day; w, week.

truction), with disruption/underdevelopment 
taking place first, perhaps during the prenatal 

period, and destruction acting as a superimposed 
process. In this group of cases images of immatu-
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rity belonging to an earlier gestational age than 
the actual one favored the diagnosis of congenital 
immaturity. In these 7 cases, cerebellar histologi-
cal changes were an autopsy finding in neonates 
with currently prematurity related complications.

In 15 cases living less than 7 days the histological evi-
dence of destruction followed by disruption was not 
so clear. Perhaps a more prolonged life span would 
have been necessary for a definitive diagnosis.

The differential diagnosis between both 
sequences (destruction-disruption, or disrup-

tion-destruction) laid mostly on histological 
and timing grounds (see above). In line with 
this reasoning, a pattern of destruction plus se-
condary disruption was greatly suspected when 
histological images showed a destructive lesion 
as an evident cause of the developmental alte-
ration of the cerebellar cortical layers (specially 
diminished molecular layer, numerous Purkinje 
cells per segment and scarce internal granules). 

2. Minimal changes. The minimal changes pat-
tern cases were linked with time-related factors 
usually not associated with cerebellar lesions,17 

Figure 13. Multivariate Correspondence Analysis Biplot. Several categorical variables were used to perform this 
analysis: time related variables (weeks of gestational age:27-29, 30-33 and 34-35, and postnatal age: <7 and 
>7days); cerebellar related variables: lesion patterns (minimal changes (MCH) and destructive and disruptive 
(des-dis), immunohistochemical patterns (A/0 and B) and cerebellar weight (low and normal); and cerebral 
findings: peri-interventricular hemorrhage present or absent (PIVH_1 if were present and PIVH_0 if absent) ; 
hypoxic-ischemic encephalopathy present or absent (HIE_1if were present and HIE_0 if absent) and minimal 
changes in the cerebrum (MCC_1 if present and MCC_0 if absent). Dimensions axes are shown with percentage 
of variance explained. Black dots correspond to the 81 cases analyzed.
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immunohistochemical results showing mild/
none reaction to injury. Immaturity and a short 
postnatal age might be an explanation for the 
absence of changes in these cases.

However, not all the cases that were born at 27-
29 weeks gestational age presented a pattern of 
minimal changes (see Results). In fact, linked to 
postnatal age, images of destruction and disrup-
tion were not so rare at this stage. 

3. Disruptive. Isolated images of disruption were 
observed only in 7 cases. More than half of this 
group was born at 34-35 weeks gestational age. 
All these 7 cases had low cerebellar weight, 6 
living less than one week and 5 being small for 
gestational age. Those features seem to reinforce 
the idea of an underlying congenital process. 
Immunohistochemical reactions showed prolife-
ration of astrocytic or microglial population in 2 
of those cases, and this result was considered as 

Table 6. Number and percentages of cases presenting clinical data and cerebral findings according to lesion pattern, immu-
nohistochemical pattern and gestational age

Clinical data Cerebral findings
LWGA obst IRDS PIVH HIE MCC

Lesion pattern Des-Dis 24/62
39%

37/62
60%

37/62
60%

26/62
42%

39/62
63%

9/62
15%

MCH 7/20
35%

12/20
60%

14/20
70%

10/20
50%

1/20
5%

10/20
50%

Dis 5/7
71%

3/7
43%

6/7
86%

3/7
43%

4/7
57%

1/7
14%

Des 4/22
18%

12/22
55%

16/22
73%

9/22
41%

11/22
50%

3/22
14%

Immunohistochemical 
pattern

0/A 20/51
39%

24/51
47%

35/51
69%

24/51
47%

18/51
35%

15/51
29%

B 20/60
33%

40/60
67%

38/60
63%

24/60
40%

37/60
62%

8/60
13%

Gestational age (w) 27-29 9/35
26%

18/35
51%

28/35
80%

23/35
66

14/35
40%

5/35
14%

30-33 23/54
43%

32/54
59%

34/54
63%

19/54
35%

29/54
54%

13/54
24%

34-35 8/22
36%

14/22
64%

11/22
50%

6/22
27%

12/22
55%

5/22
23%

Abbreviations: Des-Dis, destructive and disruptive; MCH, minimal change; Dis, disruptive; Des, destructive; LWGA, low 
weight for gestational age; obst, obstetrical data; IRDS, idiopathic respiratory distress syndrome; PIVH, peri-intraventricular 
hemorrhage; HIE, hypoxic-ischemic encephalopathy; MCC, minimal changes in cerebrum.

a secondary phenomenon superimposed to the 
primary underdevelopment.

4. Destructive. Necrosis, apoptosis, and focal 
hemorrhage without accompanying changes 
of overt underdevelopmental signs were the 
images that made up the least specific group. 
The underlying potential causes of destructive 
processes were not associated with time-related 
factors or cerebellar weight in present series. But, 
as might be expected, a positive relationship was 
found between destructive processes and strong 
immunohistochemical reactions.

Destructive processes were more frequent and 
were found earlier than disruptive ones. This 
phenomenon could be ascribed to the fact that 
both necrosis as well as apoptosis appear shortly 
after injury, while morphometric alterations 
usually appear later. Certainly, time is needed to 
display the morphologic picture of disruption. 
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Regarding underdevelopment, the present se-
ries showed most frequent changes in the late 
gestation period. From 34 gestational weeks on, 
the internal granular layer rapidly thickens, and 
Purkinje’s neuritogenesis and cellular expansions 
of glial cells take place. Thus, a delay in any or 
all of those normal processes can be expected to 
be more evident in that time frame. Either as a 
primary dismaturity, or as a result of destructive 
processes, disruptive lesions were clearly evident 
in these late preterms. From a developmental 
point of view, the most affected layers were the 
molecular and Purkinje cell layers. The com-
promise of these two layers is most important. 
Purkinje cells receive the excitatory input of the 
cerebellum mainly through the middle cerebellar 
peduncle. In addition, Purkinje axons are the only 
ones that cross the cerebellar white matter rea-
ching the dentate nucleus to continue as efferent 
projections through the superior cerebellar pe-
duncle, and then to the supratentorial structures 
(thalamo-cortical projections). Those connections 
complete the circuit between the cerebral cortex 
and the cerebellum. Thus, damage to Purkinje 
cells is central and, whatever the origin and the 
mechanisms of the injury (direct or indirect), this 
type of damage must be taken into account when 
considering the pathophysiology of the underde-
veloped cerebellum, especially in its connections 
with the supratentorial structures.22

As to the immunohistochemical procedures, 
these techniques showed a great sensitivity, 
adding special value in the diagnosis of this kind 
of processes. Moreover, they were particularly 
important because the scoring system used for 
grading astrocytic and microglia populations was 
independent from the categorical variables used 
for scoring the lesion degree and the lesion pat-
terns. There was a positive correlation between 
destructive and disruptive lesion pattern, a long 
life span and a strong astrocytic and microglial 
reaction in GFAP and CD68 techniques. As 
mentioned in the results, in the 27-29 weeks 
gestational age group immunohistochemistry 

results were linked to postnatal age from 27 to 
29 weeks of gestational age, the intensity of the 
reaction directly related to increasing gestatio-
nal and postnatal age. We ascribe this growing 
reaction to the developing maturity of the cellu-
lar components. It is possible that at 27 weeks 
the cells are not mature enough to respond to 
injuries either through cellular or immunologi-
cal reactions. Otherwise, at 29 weeks and with 
a prolonged postnatal age, developing cellular 
systems along with the effect of injuries would 
allow the appearance of a complete image of 
cellular response. This pattern of lesion was best 
seen from 30 weeks on. By the same token, the 
results may show that entering the stage of 30-
33 weeks gestational age and in relation with 
development, a greater cellular reaction with 
additional vulnerability to injuries is on track. 

Although reactive microglia may have harmful 
but also beneficial effects, accomplishing one 
or the other largely depends on the context and 
the circumstances that produce microglial acti-
vation.20 In our particular cases, especially those 
that showed phagocytosis and strong reactivity in 
the immunohistochemistry (pattern B), it seems 
that a harmful process may be underway. 

In the 34-35 weeks gestational age group, ges-
tational and postnatal age impinged a pattern 
of strong reaction on immunohistochemistry, 
although less obvious than in the previous 
groups. These late preterm neonates deserve a 
special study, not only from the point of view of 
the lesion pattern, but also in relation to immu-
nohistochemistry and clinical data. 

White matter

Pathological changes appeared clearly in the 
deep white matter (near the dentate nucleus or 
in the center and base of the folia) and less evi-
dent in the subcortical white matter of the foliar 
crown. Destruction in those white matter levels 
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may be the source of disruption processes which, 
eventually, show up in the overlying cerebellar 
cortical mantles. To this indirect negative impact 
it has to be added the pathological changes that 
take place at the cortical cellular level itself.17

Role of reactive gliosis (astrocyte and microglia 
activation)

Various types of injury (mostly hypoxia-ischemia 
and associated perinatal infections) acting 
through different mechanisms have a negative 
impact on the developing CNS. Hypoxia-indu-
ced inflammatory response is one of the main 
processes that take place in the development of 
hypoxic-ischemic encephalopathy. This response 
implies the activation of microglial cells along 
with overproduction of cytoquines and reactive 
species which, ultimately, induce neuronal loss, 
axonal damage and premyelinating oligoden-
droglial death. Changes in Purkinje cells and 
cerebellar white matter oligodendroglial popula-
tion have a central role in the injured developing 
cerebellum of the neonate born preterm. Those 
conditions producing different lesion patterns can 
be separated experimentally.23 Moreover, using 
diffusion tensor imaging studies Tam and cowor-
kers found differential effects of supratentorial 
hemorrhage and hypoxia-ischemia on cerebellar 
growth in neonates born preterm.24 Clearly, no 
single insult accounts for all cerebellar lesions. 
Nonetheless, the reality in autopsy studies (per-
sonal observation) is that the heterogeneous 
nature of insults accounts for multiple cerebellar 
lesions with similar histological images: the glial 
response seems to be relatively monotonous un-
der different conditions, microglia and astroglia 
only changing in number and size as a result 
of those injuries. Although clinical antecedents 
had a multifactorial nature, our series featured 
concurrent stereotypical micro- and astrogliosis 
without a clear sequence related to clinical 
complications.  As previously described in the 
cerebrum25 (where the periventricular white mat-

ter injury affects the cortical subplate), we found 
injury to occur in a space- and time-dependent 
manner. Thus, in the most compromised cases, 
both astro- and microglial simultaneous acti-
vation was found with varying intensity in the 
internal granular layer and, especially, in the whi-
te matter in cases with chronic injury.  However, 
as with microglial activation, which may have 
harmful but also beneficial effects, it is unclear 
whether developing astrocytes contribute to the 
pathology observed in the hypoxic-ischemic 
encephalopathy. Certain protective role for 
astrogliosis has been suggested by Nobuta and 
coworkers.26 There is, moreover, some evidence 
of a balanced intervention between microglial 
signals and protective astrogliosis. On the other 
hand, preOl maturation arrest has been directly 
associated with the degree of astrogliosis, and 
therefore diffuse astrogliosis may be considered 
a marker for lesions with arrested preOl differen-
tiation.27 Consequently, although reactive gliosis 
(astrocyte and microglial activation) continue to 
be a hallmark of preterm injury, the actual state of 
the art is one of great complexity from both the 
biological as well as pathological points of view.

Cerebral findings and clinical correlations

Except in rare cases with cerebellar hemorrha-
ge or infarcts, the main histological findings in 
our series did not allow for a clear distinction 
between direct and indirect injuries. However, 
the present link between cerebral and cerebellar 
compromise may be attributed to the coexisten-
ce of both direct and indirect mechanisms of 
lesion. These findings concur with those coming 
from neonatal brain imaging. The correlations 
between supra and subtentorial structures seem 
evident in cases presenting hypoxic-ischemic 
encephalopathy, particularly those with serious 
compromise of the white matter.28

Idiopathic respiratory distress syndrome was 
found in high proportion in the group of 27-29 
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weeks of gestational age; in those with disruptive 
pattern of lesion which were also low weight 
for gestational age; and in the group without 
immunohistochemistry reaction (80%). Nearly 
all of the above had in common a state of im-
maturity, which is undoubtedly a trigger factor 
in the idiopathic respiratory distress syndrome.

MRI and its correspondence with pathological 
findings. Predictive factors

As previously reported, even in pathological 
circumstances, the weight of the cerebellum is pro-
portional to its volume during the perinatal period.10 
The reduced volume, then, implies a reduction in 
weight and, more importantly, the degree of lesion. 
The reduced volume has been well documented 
by MRI.29,30 However, in most cases this finding is 
the only one achievable with this procedure; diffuse 
cellular changes, either destructive or disruptive, are 
not detectable with this technique because the ana-
tomical detail that is obtained with current clinical 
MRI remains limited.27,31 On the other hand, focal 
severe lesions are clearly detectable, but are much 
less frequent than diffuse cellular ones. Therefore, it 
might be expected that MRI is not always enough to 
deduce the real pathological basis for small cerebella 
in preterm neonates. 

To overcome this limitation we note the following: 
1) cerebellar weight (and therefore cerebellar 
volume) is associated with time-related factors (ges-
tational and postnatal ages),17 2) time-related factors 
are linked to the degree and pattern of lesion, and 
to immunohistochemical pattern, as shown in the 
present report, 3) based on those associations, the 
size of the cerebellum, and the gestational and 
postnatal ages, could be used as accurate predictors 
of cerebellar lesion in preterm neonates. 

Hypothesis

In the first days of life, histological destructive 
alterations, with glial proliferation due to diverse 

injuries, may be evident mainly in the internal 
granular layer and white matter in the cerebellum 
of preterm neonates. Later on, a time-related 
shift induces changes to evolve into a disruptive/
developmental pattern of lesion.

Those alterations would move not only in an 
age-dependent but also in a spatial-regulated 
manner, from white matter to cortex (mainly 
molecular and Purkinje cell layers) negatively 
impacting the foliar height. 

In summary, different zones of the cerebellum 
changing at different times during postnatal de-
velopment represent a spatial-temporal process 
expressing a sequence of lesions, which would 
explain the final common pathway of the small 
cerebellum in these preterm neonates. 

The present study has potential limitations. A 
short postnatal age was present in some of the 
cases in the 34-35 weeks gestational age group. 
Likewise, the study was conducted as long as 
1978-2010, a period in which the care of preterm 
neonates have been improving continuously. 
Both concepts were detailed elsewhere.10,17

CONCLUSIONS

1. Findings in the present series show lesions with 
a spectrum of intensity, from minimal changes 
in one end to a mixed pattern of destruction 
plus disruption with low cerebellar weight in 
the other. 

The evaluation of the different lesion patterns 
must be understood as a time-dependent process, 
along which gestational and postnatal ages are 
the most important variables to take into account.

The minimal changes pattern related to 27-29 
weeks gestational age, short postnatal age, nor-
mal cerebellar weight, mild lesion degree and 
mild or no reaction in the immunohistochemical 



24

Patología Revista latinoamericana Volumen 53, Núm. 1, enero-marzo, 2015

techniques. The 27-29 weeks gestational age 
group showed the immaturity of the cellular sys-
tems to address the complications of anticipated 
delivery. This feature was strongly dependent on 
postnatal age possibly due to the entry in the 
vulnerability window, effects of hospitalization, 
or both of them. No disruptive pattern was found 
in this gestational age group.

The destructive and disruptive pattern was asso-
ciated mainly with 30-33 weeks gestational age, 
long postnatal age, low cerebellar weight, severe 
degree of lesion and strong immunoreaction for 
astroglial and microglial populations. The 30-
33 weeks gestational age group showed lesions 
that highlighted the presence of a vulnerability 
window. 

The cases that did not fit in the previous models 
belonged to the group of late preterms (34-35 
weeks gestational age). This group showed sig-
ns of destruction and disruption along with a 
pattern of dismaturity in the cerebellar cortical 
mantles.

2. The compromised areas of the cerebellar white 
matter seemed to be the battleground where 
disruptive effects had a negative impact on the 
developing adjacent cortical layers. Therefore, 
the evaluation of those lesions must be consi-
dered in a space- dependent manner.

3. The above data, together with the cerebral 
findings, formed two groups: a) cases with 
early gestational age associated more with 
peri-intraventricular hemorrhage than with 
hypoxic-ischemic encephalopathy and minimal 
changes in the cerebrum; and b) cases with 
gestational age beyond 30 weeks linked mainly 
to hypoxic-ischemic encephalopathy and less 
so to peri-intraventricular hemorrhage. In the 
group with destructive and disruptive lesion 
pattern, even cases with peri- intraventricular 
hemorrhage showed some involvement by 

hypoxic-ischemic changes. Thus, hypoxic-
ischemic encephalopathy should be regarded 
as the main cause of destruction and disruption 
in this group of patients.

4. Except for idiopathic respiratory distress 
syndrome, which was found related to very 
immature cases, other perinatal antecedents 
had no association with lesion and immunohis-
tochemical patterns. 

5. The pathogenesis of preterm cerebellar le-
sions is a spatial-temporal regulated process 
with heterogeneous insults producing similar 
histological findings: diffuse cortical and sub-
cortical cellular changes result in a common 
final pathway that ends in atrophy of hemis-
pheric folia if survival is long enough. Double 
mechanisms of direct and indirect injury are 
strongly suspected. 

Through this work we confirm the previous 
findings and correlations17 adding the participa-
tion of a specific glial response as an important 
component in the spectrum of cerebellar lesion 
in preterm neonates.

We hope our studies will shed some light on 
the relative roles of destructive and disruptive 
processes that influence evolution in this group 
of patients. It is conceivable that the great vul-
nerability of these neonates could be neutralized 
via therapeutic and nutritional strategies until 
physical and neurological maturation is comple-
ted. This is important in view of recent findings 
pointing to the role of the cerebellum in cognitive 
function, academic development, and the pursuit 
of a normal social life.
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