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Pathophysiology of the Unexplained Stillbirth
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Although with the introduction of better management
of high-risk pregnancies, the stillbirth rate has been no-
tably reduced during the last decades, intrauterine fetal
death remains a major health problem, accounting for a
large part of perinatal mortality in developed countries (1).

Stillbirth represents a very emotional distressing event
for both parents and obstetricians. In recent years the
universal recommendation to submit the fetal losses to
careful autopsy, including placenta and umbilical cord ex-
amination, has in many cases allowed to highlight the
cause of death, generally falling into one of three follow-
ing categories: 1) fetal pathologies (malformations, chro-
mosomal abnormalities, genetic mutations, etc.); 2) ad-
nexa pathologies (placental abruption, umbilical cord ac-
cidents, chorioamnionitis, etc.); 3) maternal pathologies
(infections, uncontrolled diabetes, high blood pressure,
advanced age, obesity, etc). However, despite extensive
clinical and anatomopathological examinations, a specific
cause of death continues to be unidentified in almost half
of cases. These deaths are classified as “unexplained still-
births” (2).

In Italy, the “Lino Rossi” Research Center of Milan Uni-
versity, as national referral center for the application of
the Italian law n.31/2006 “Regulations for Diagnostic Post
Mortem Investigation in Victims of Sudden Infant Death
Syndrome (SIDS) and Unexpected Fetal Death”, in more
than 10 years has collected and thoroughly examined a
wide set of unexplained sudden fetal deaths (3, 4).

This law decrees in fact, regarding the fetuses who died
without any apparent cause, that they must be submit-
ted to a thorough diagnostic post-mortem investigation
that includes, above all, the examination of the autonomic
nervous system. The anatomopathological protocol devel-
oped by the Lino Rossi Research Center for this specific pur-
pose, concerns above all the analysis of the main centers
that control the vital functions, prevalently located in the
brainstem.

In every case of unexplained stillbirth, according to

this protocol, transverse serial histological sections are ob-
tained from the midbrain, pons, medulla oblongata and
the rostral part of the spinal cord, and treated with specific
histochemical techniques for the nervous system stain-
ing (as Kluver/Barrera, Nissle, Bielchowsky). The micro-
scopic examination allows to point out the morphology
of the main nuclei and structures of the brainstem along
their full length. They essentially are: the red nucleus
and substantia nigra in the midbrain; the locus coeruleus
and Kolliker-Fuse nucleus in the rostral pons; the retro-
trapezoid nucleus, superior olivary complex and parafacial
nucleus in the caudal pons; the hypoglossus, dorsal mo-
tor vagus, tractus solitarius, ambiguus, pre-Bötzinger, in-
ferior olivary, raphe and arcuate nuclei in the medulla ob-
longata and the intermediolateral nucleus in the rostral
spinal cord. Figure 1 shows a schematic representations
of the localization of these nuclei in the sections obtained
from different levels of the brainstem. In addition to the
morphological examination, the application of immuno-
histochemical techniques to highlight the expression of
specific biological markers (as catecholamines, serotonin,
somatostatin, nicotinic receptors, orexin, etc.) can offer
useful information on the phyisiology of the above men-
tioned structures (5, 6).

Thanks to this methodology of study, the "Lino
Rossi" Research Center has identified subtle devel-
opmental anomalies, prevalently hypoplasia, of
many nuclei of vital importance in sudden unex-
plained deaths, not observable in age-matched vic-
tims who died of known cause. These alterations,
as reported in numerous publications (available at:
http://users.unimi.it/centrolinorossi/en/publications.html),
have offered a plausible explanation of the pathogenetic
mechanism leading to sudden death in utero. Very
interesting is the observation, in the great part of unex-
plained stillbirths, of hypoplasia of the parafacial nucleus,
a roundish cluster of large polygonal neurons in the
caudal pons, so called for its position adjacent to the
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Figure 1. Schematic representation of the histological sections obtained at different levels of the brainstem, indicating the localization of the main nuclei and structures to
be examined.

facial nucleus. The parafacial nucleus is a component
of the “respiratory network”, to which also belong the
Kölliker–Fuse nucleus, the pre-Bötzinger nucleus and
the intermediolateral nucleus. These centers, connected
one with each other, are able to regulate the respiratory
activity before and after birth, through excitatory and/or
inhibitory connections in relation to the need. In partic-
ular, the parafacial nucleus acts as master generator of
the respiratory rhythm in mammals. It starts working
only from birth, giving rise to the first inspiratory act
and all subsequent ones through the activation of the
pre-Botzinger nucleus (7).

The episodic respiratory activity which occurs in fetal
life, essentially aimed to promote the lung development,
is instead generated by another nucleus of the respiratory
network, i.e. the intermediolateral nucleus, under control
of the Kolliker-Fuse nucleus. It is spontaneous to wonder
how the hypodevelopment of the parafacial nucleus can
be a so frequent finding in unexplained stillbirths, when
breathing is not a vital function.

An hypothesis, could be that, in the last weeks of preg-
nancy, advancing towards the birth, a general check of all
the brainstem nuclei that coordinate the essential func-
tions for the extra-uterine life, and in particular the respi-
ratory activity, occurs. Unexpected fetal death could there-
fore be ascribed to a selective process of self-suppression
in presence of developmental alterations of the respira-
tory network components, particularly of the parafacial
nucleus, to avoid the most devastating event of a sudden

infant death after birth.

Since the hypoplasia of the parafacial nucleus has
never been found in our large series of SIDS, we suppose
that the normal development of this nucleus is essential
for extra-uterine life, and that its hypodevelopment can be
considered a specific marker of unexplained stillbirths, or
at least of a great subset of unexplained stillbirths.

It is important also to understand what risk factors are
associated with stillbirth.

It is well known that the fetal brain is particularly vul-
nerable to injuries in critical phases of its development.
Then we believe that the parafacial nucleus is more suscep-
tible to environmental factor exposure in utero than other
neuronal structures. Maternal smoking is worldwide rec-
ognized as the main potential risk factor for intrauterine
sudden death (5, 8). Also maternal alcohol and drug abuse
and air pollution have been implicated in defective brain-
stem development in stillbirth. A new factor, recently iden-
tified, is the place where the mother lives. Rural residence
has been in fact reported to contribute to stillbirth, due to
the use of pesticides in that area (9-11).

In conclusion, a systematic evaluation of the brain-
stem, possibly performed by experienced, reliable pathol-
ogists, associated to the analysis of all the potential risk
factors, is extremely important to highlight any possible
pathogenic mechanism in unexplained stillbirth and to es-
tablish appropriate preventive programs.
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