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Abstract: Objective: To evaluate the involvement of alterations of the central autonomic nervous system, particularly of 

the brainstem and cerebellum, in a wide set of victims of sudden and unexplained perinatal and infant death. 

Material and Methods: The study population consisted of 63 stillbirths, 28 neonatal deaths and 140 suspected SIDS. The 

victims were subjected to in-depth anatomopathological examination following appropriate guidelines. The protocol in-

cluded, in particular, the histological evaluation on serial sections of the cardiorespiratory autonomic nervous system. 

Results: A diagnosis of “unexplained death” was established for 217 of the 231 victims (59 stillbirths, 28 newborns and 

130 SIDS). In a very high percentage of these deaths (84%) we observed one or more anomalies of the nuclei and/or 

structures of the brainstem and cerebellum related to vital functions. 

Conclusion: Unexpected perinatal loss should not be regarded as a separate entity from SIDS, given the common neuropa-

thological substrates. 
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INTRODUCTION 

 Sudden perinatal death (that includes “ante-partum 
death”, from 22 completed gestational weeks, “intra-partum 
death” and “early neonatal death” occurring during the first 
seven completed days of life) and sudden infant death syn-
drome (SIDS) represent facets of a multifactorial problem 
that has not yet found a univocal approach on the clinical 
plane [1-6]. Despite the efforts of many investigators, the 
true causes of unexpected stillbirth and SIDS remain un-
known. This is due to a lack of appropriately detailed post-
mortem studies. 

 A fundamental component of these deaths is neuropa-
thology. In fact, pathogenesis of unexplained perinatal death 
and SIDS seems to privilege, in most cases, some nervous 
dysfunctions. Nevertheless, only a few studies in this field 
have adequately examined the neurological substrates, al-
though even subtle abnormalities of structures of the auto-
nomic nervous system can determine dysfunctions in the 
control of vital functions, leading to unexpected perinatal 
loss as well as infant death [7-10].  

 The present study will focus upon the multifaceted in-
volvement of the central autonomic nervous system, particu-
larly of the brainstem and cerebellum, in the disruption of 
neuronal pathways observed in a large population of sudden 
and unexplained perinatal and infant death victims. 
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MATERIAL AND METHODS 

 Our study was focused on 231 victims of sudden and 
unexplained perinatal and infant death, aged from 22 gesta-

tional weeks to 10 postnatal months. This was a selected set 

of cases, sent to our Center over a 6-year period (2000-2006) 
on the basis of a specific decree passed by the Lombardy 

Region [11]. This decree specifies that all cases of unex-

plained perinatal death and/or of suspected SIDS must be 
sent to the L. Rossi Center of Milan University, being the 

Regional Reference Center, for in-depth anatomo-

pathological examination, in accordance with specific guide-
lines [12-14]. This protocol includes, in particular, the his-

tological evaluation on serial sections of the cardiorespira-

tory autonomic nervous system, besides the examination of 
the placental disk, umbilical cord and membranes in fetuses. 

 For every case, a complete clinical history, particularly 

referred to the mother in perinatal deaths, and including the 
death scene examination in infant deaths, was collected. 

Cases were number-coded and identifying data (name, ad-

dress, etc.) were removed prior to analysis. 

 The study population consisted of 63 stillbirths, 28 neo-

natal deaths and 140 suspected SIDS.  

 The 63 fetuses, 36 males and 27 females, were aged from 
22 to 41 gestational weeks, with a peak incidence at 36 to 38 

weeks (62%). The weights of victims ranged from 352 to 

3500 grams, being below the corresponding reference value 
in most cases. 

 The 28 newborns, 16 males and 12 females, died intra-

partum or in the first week after birth. 
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 Among the infant victims, 52 females and 88 males, sud-
den death occurred between 1 and 10 months of life, with the 
greatest incidence around the third month. 

 After an in-depth autopsy and histological examination, a 
diagnosis of “unexplained death” was established for 217 of 
the 231 victims, namely 59 stillbirths, 28 newborns and 130 
infants, all clearly SIDS victims.  

 The remaining 14 cases (4 fetal and 10 infant deaths) 
(6%), were classified as “border-line”, since it was difficult 
to establish whether the pathological findings were suffi-
ciently severe to have caused the death. In the infant deaths 
we observed: neoplastic lesions of the cardiac conduction 
system, i.e. Purkinje cell tumor and cardiac fibroma in 3 
cases; encephalitic features (probably viral in etiology) in 
nuclei of the brainstem and moderate myocarditis in 4 cases; 
a case with focal necrosis of the tractus solitarii nucleus, a 
case with capillary hemangioendothelioma in the area pos-
trema and a case with pneumonia associated to hypoglossal 
nucleus hypoplasia. In four stillbirths, abnormalities of the 
annexa were diagnosed (umbilical cord around the neck, 
head band of the umbilical cord, multifocal placental in-
farcts). Table 1 summarizes the case profiles of the study.  

 None of the mothers had any significant pathology. With 
reference to smoking habit, 81 mothers (35%) declared that 
they were active smokers (all of more than 3 cigarettes/day 
and all already before becoming pregnant) while 129 (56%) 
were non smokers. In 21 cases no information about smok-
ing habit was available. 

 The focus of this study is the in-depth histological ex-
amination of the central autonomic nervous system. Hereaf-
ter, we will briefly describe the study protocol. More de-
tailed information is available on the previous publications 
[12-14]. 

 The brainstem and cerebellum, where the main vital cen-
ters are located, were processed and embedded in paraffin. 
Transverse serial sections were made at intervals of 30 �m. 
For each level, twelve 5 �m sections were obtained, two of 
which were routinely stained for histological examination 
using alternately hematoxylin-eosin and Klüver-Barrera 
stains. Two additional sections at each level were subjected 
to immunohistochemistry for the study of neurotransmitters 
(somatostatin and tyrosine hydroxylase (TH), indicative of 

catecholamine synthesis) and apoptosis. The remaining sec-
tions were saved and stained as deemed necessary for further 
investigations.  

 The main nuclei were analyzed in serial sections of the 
brainstem, namely the parafacial nucleus, the locus coeruleus 
and the parabrachial/Kölliker-Fuse complex in the pons and 
mesencephalon; the hypoglossus, the dorsal motor vagal, the 
tractus solitarius, the ambiguus, the pre-Bötzinger, the infe-
rior olivary and the arcuate nuclei in the medulla oblongata. 
Fig. (1) shows the sampling of the brainstem (three speci-
mens are obtained: the first, ponto-mesencephalic, includes 
the upper third of the pons and the adjacent portion of mes-
encephalon; the second extends from the rostral limit of the 
medulla oblongata to the adjacent caudal pons, and the third 
specimen takes as reference point, the obex and extends 2-3 
mm above it and below it). Fig. (2) shows the histological 
sections corresponding to the three brainstem samples of Fig. 
(1) indicating the main nuclei and structures to be examined. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (1). Sampling of the brainstem: ventral (left) and dorsal (right) 

surface.  

 

 In the cerebellum, the cortex layers (external granular 
layer, molecular layer, Purkinje cell layer and internal granu-
lar layer) and the medullary deep nuclei (the dentate nucleus, 
the fastigial nucleus, the globose nucleus and the emboliform 
nucleus) were examined. 

Table 1. Case Profiles of the Study 

Sex (n.) Death Diagnosis 
Victims Age (range) 

M  F Unexplained deaths (n.217) Border line deaths (n.14) 

Fetuses 

(n.63) 

22-41 gw 36  27 unexplained stillbirth (n.59) 

 

Annexa anomalies (n.4) 

Newborns (n.28) 1-7 pd 16  12 unexplained neonatal death (n.28)  _ 

Infants (n.140) 1-10 m 88  52 SIDS (n.130) Neoplastic lesions of the cardiac conduction system (n.3) 

Brainstem encephalitis + moderate myocarditis (n.4) 

Tractus solitarii nucleus necrosis (n.1) 

Area postrema hemangioendotelioma (n.1) 

Pneumonia + hypoglossal nucleus hypoplasia (n.1) 

gw = gestational week; pd = postnatal day; m = month; SIDS = Sudden Infant Death Syndrome. 

______________________________________
_______________________________________
/// / / / / / / / / ///////////// / / / / / / / /////////
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 Immunohistochemical Methods 

 In order to analyze the immuno-expression of neuro-
transmitters, particularly of somatostatin and catechola-
mines, we used specific primary antibodies after applying 
the avidin-biotin-peroxidase technique, in conformity with 
conventional immunohistochemical procedures. Immunohis-
tochemical visualization of apoptotic cells was obtained by 
the TUNEL method (TdT-mediated dUTP-biotin nick end 
labeling). A detailed description of the immunohistochemi-
cal procedures that we applied, including the immunopositiv-
ity evaluation, is available in our previous works [15-17]. 

Statistical Analysis 

 The statistical significance of direct comparison between 
groups of victims (unexplained fetal, neonatal and infant 
deaths, border-line cases) was determined using one way 
analysis of variance (ANOVA) and Student’s paired t-test. 
The selected threshold level for statistical significance was 
p<0.05. 

RESULTS 

 The in-depth anatomo-pathological examination of the 
central autonomic nervous system performed in the 217 vic-
tims (59 stillbirths, 28 newborns and 130 SIDS) of unex-
plained perinatal and infant death, revealed one or more 
anomalies of the nuclei and/or structures of the brainstem 
and cerebellum related to vital functions, mainly to cardio-
respiratory control, in 182 cases (84%). 

Main Morphological Findings in Brainstem and Cerebel-
lum 

Medulla Oblongata 

 Hypoplasia of the arcuate nucleus emerged in 56% of the 
sudden fetal deaths (33 cases) and in 50% of both unex-

plained neonatal deaths (14 cases) and in SIDS victims (65 
cases). Different degrees of hypodevelopment were ob-
served, ranging from a normal structure with neuronal imma-
turity to total agenesis of the nucleus, observed in 8 still-
births (Fig. 3).  

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Transversal section of medulla oblongata with severe hy-

poplasia of the arcuate nucleus (magnification: 10x) 

Abbreviations: ARCn, arcuate nucleus; POn, principal inferior oli-

vary nucleus; PYR, pyramid. 

 

 Hypoplasia of the pre-Bötzinger nucleus, with a de-
creased number of neuronal bodies and/or dendritic fibers, 
was diagnosed in 25% of stillbirths (15 cases) and in 8% of 
SIDS (10 cases).  

Pons-Mesencephalon 

 In transverse sections of rostral pons and caudal mesen-
cephalon of 14 unexplained stillbirths (24%) and of 8 unex-

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Schematic representation of the main histological sections obtained from the brainstem for the anatomopathologic examination.  

medulla oblongata section
(obex)
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plained neonatal deaths (30%), prevalently intra-partum 
deaths, a very few immature neurons were observed in both 
the medial and lateral parabrachial nuclei and in the Köl-
liker-Fuse area; altogether, these findings led to a diagnosis 
of hypoplasia of the parabrachial/Kölliker-Fuse complex.  

 Hypoplasia of the parafacial nucleus, with a decreased 
neuronal density and transverse area, was diagnosed in the 
caudal pons of 41 stillbirths (70% of unexplained fetal 
deaths) but in no case of post-natal death.  

Cerebellum 

 Histological examination revealed morphological altera-
tions of the cortex development. In fact, the cerebellar cortex 
showed an immature structure, uniformly made up of small 
round cells without the usual four-layered shape, in 10% of 
the unexplained stillbirths (6 cases, all after the 36

th
 gesta-

tional week), in 6 neonatal deaths (20%) and in 26% of the 
SIDS victims (34 cases) (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (4). Transversal section of cerebellar cortex with immature 

structure, uniformly made up of small round cells without the usual 

four-layered shape in a case of sudden neonatal death (magnifica-

tion: 20x). 

 

 Table 2 shows the morphological alterations of the cen-
tral autonomic nervous system observed in all the unex-
plained sudden death victims. 

Main Functional Findings in Brainstem and Cerebellum 

 Using specific immmunohistochemical methods, altered 
expression of somatostatin, a neurotransmitter that is widely 
present in brainstem nuclei during fetal life but scarcely ex-
pressed after birth, was highlighted in the hypoglossus nu-
cleus. Despite a normal structure, this nucleus was in fact 
somatostatin-immunonegative in 27% of the unexplained 
fetal deaths (17 cases) and, on the contrary, immunopositive 
in 44% of the SIDS victims (57 cases). 

 Negative expression of tyrosine-hydroxylase (TH), an 
essential enzyme in catecholamine biosynthesis, was detect-
able in a well-structured locus coeruleus (the major brain-
stem producer of noradrenaline) in 57% of the perinatal and 
infant sudden deaths (124 of the 217 cases).  

 We observed unusual apoptosis of the Purkinje cells and 
of the internal granular layer in the cerebellar cortex of 23 
SIDS victims (18%) and high apoptotic index in the dentate 
nucleus of 44 SIDS cases (34%). A more in-depth descrip-
tion of these results can be found in our previous immuno-
histochemical works [15-17]. 

 Frequently, two or more morphological and/or physio-
logical alterations were observable in the same case, particu-
larly in fetal deaths. In seven victims, we found the simulta-
neous presence of hypoplasia of different nuclei (the arcuate, 
pre-Bötzinger and parafacial nuclei) and of negative soma-
tostatin expression in the hypoglossus nucleus. 

 None of the above reported alterations was found in the 
border-line population. 

DISCUSSION 

 This study summarizes the results of our in-depth neuro-
pathological researches performed in a 6-year period on a 
very wide, selected set of unexpected and unexplained peri-
natal deaths and SIDS, investigated following specific guide-
lines in accordance with the decree of the Lombardy Region 
[11]. The results hereafter indicated are, in part, reported in 
previous works [15-24]. 

 The accurate examination of the central autonomic nerv-
ous system, allowed us to identify even minute alterations of 
the nuclei and/or structures overseeing the vital functions in 
these pathologies.  

 In particular, in 84% of all the unexplained deaths, we 
highlighted structural and/or functional alterations, particu-

Table 2. Morphological Alterations of the Brainstem and Cerebellum in Unexpected Death Victims 

Unexpected death 

victims 

Arcuate nucleus  

hypoplasia 

Pre-Bötzinger nucleus 

hypoplasia 

Parabrachial Kölliker-

Fuse complex hypoplasia 

Parafacial nucleus 

hypoplasia 

Cerebellar cortex 

immature structure 

stillbirths 

n/tot(%) 

33/59 

 (56) 

15/59  

(25) * # 

14/59  

(24) * 

41/59 

 (70) * # 

6/59  

(10) 

newborns 

n/tot(%) 

14/28 

 (50) 

0 # 8/28  

(29) # 

0 * 6/28  

(20) 

SIDS n/tot(%) 65/130 

 (50) 

10/130 

 (8) * 

0 * # 0 # 34/130 

 (26) 

statistics Not significant # SB>NB p=0.0030 

* SB>SIDS p=0.0008 

*SB>SIDS p<0.0001 

# NB>SIDS p<0.0001 

*SB> NB p>0.0001 

# SB >SIDS p=0 

Not significant 

SIDS=sudden infant death syndrome. 
One way ANOVA and Student’s paired t-test were performed to compare the incidence of hypoplasia in the different districts of central autonomic nervous system. 
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larly of the brainstem and cerebellum. These alterations rep-
resent a common morphological substrate in both unex-
plained perinatal death and SIDS and, therefore, can be con-
sidered congenital in nature. 

 A common finding was hypoplasia of the arcuate nu-
cleus, a chemoreceptoral component of the ventral surface of 
the medulla oblongata, which was present in over 50% of all 
the victims, albeit with different degrees of extension and 
severity. In perinatal deaths, in addition to hypoplasia of the 
arcuate nucleus, we observed hypodevelopment of the den-
dritic fibers with a decreased neuronal density in the pre-
Bötzinger area, besides hypoplasia of the parabra-
chial/Kölliker-Fuse complex. The pre-Bötzinger nucleus has 
been physiologically defined as a group of neurons of the 
ventrolateral medulla, that are essential for generating the 
respiratory rhythm, as well as for modulating eupneic breath-
ing [24,25]. Instead, the Kölliker-Fuse nucleus has an impor-
tant function during intrauterine life, inhibiting the response 
of central and peripheral chemoreceptors (which are already 
fully formed and potentially functional) and therefore be-
comes any respiratory reflex. After birth, the Kölliker-Fuse 
abruptly reduces its inhibitory effects and becomes active as 
a respiratory center, able to coordinate the pulmonary motor 
responses to hematic oscillations of pO2, pCO2 and pH 
[18,21]. 

 In addition, exclusively in unexplained stillbirths, we 
observed very frequently (in 70% of cases) the hypoplasia of 
the parafacial nucleus, consisting of “pre-inspiratory” neu-
rons that periodically trigger the inspiratory neurons of the 
pre-Bötzinger complex [26,27]. Therefore, the function of 
hierarchical modulation of the breathing circuitry can be 
ascribed to the parafacial nucleus. 

 Among the functional alterations, we diagnosed altered 
expression of neurotransmitters in the brainstem, particularly 
of catecholamine in the locus coeruleus and somatostatin in 
the hypoglossus nucleus, besides defective apoptotic pro-
grams in the cerebellum, in the Purkinje and internal granu-
lar layers of the cerebellar cortex, as well as in the dentate 
nucleus [15-17]. 

 The above reported findings indicate that both unex-
plained perinatal death and SIDS share common congenital 
anomalies of the central autonomic nervous system. Never-
theless, these alterations are wider and more severe in fetal 
deaths. In fact, whereas in SIDS victims the more frequent 
observation is hypoplasia of the arcuate nucleus, unexpected 
ante-partum deaths are characterized by hypodevelopment of 
various structures: hypoplasia of the arcuate nucleus, of the 
parabrachial/Kölliker-Fuse complex, of the pre-Bötzinger 
complex and of the parafacial nucleus. In particular, this last 
lesion represents a marker of unexpected ante-partum death. 
In fact it was found exclusively, and with a high frequency 
(70%), in fetal deaths.  

 The distinctive congenital anomaly that marks the intra-
partum death was shown to be the hypoplasia of the parabra-
chial/Kölliker-Fuse complex. 

 All these alterations, responsible for serious vagal re-
flexes, can be interpreted as expressions of a disturbed de-
velopment of the nervous system in pathophysiological re-
sponse to a variety of mechanisms and, above all, to mater-

nal cigarette smoking in pregnancy, as we have previously 
suggested [16,28,29]. 

 In conclusion, the neuropathologic substrates common to 
both fetal and neonatal deaths can be ascribed to a process of 
unnatural selection caused by exogenous pathogenic noxae. 
The effects of these are particularly important, in view of 
their frequency and the variety of alterations observed, dur-
ing fetal life. Therefore, unexpected perinatal loss should not 
be regarded as a separate entity from SIDS, since both are an 
integral part of autonomic nervous system abnormalities. 
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