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Abstract: AIMS – To define firstly in man the localization and the anatomical boundaries of the parafacial respiratory 

group in the brainstem. Thereafter, to determine whether this center, given its essential role in the respiratory rhythm-

generating circuit, showed abnormalities in sudden unexplained perinatal and infant deaths, like other nuclei and/or struc-

tures of the brainstem and cerebellum checking vital functions, that we have previously reported. 

METHODS - In 67 brains collected from 29 stillbirths, 9 newborns and 29 infants, died of both known and unknown 

cause, an in-depth histological examination of the autonomic nervous system was made, according to the protocol rou-

tinely followed by the Institute of Pathology, University of Milan. In particular we analyzed the parafacial and facial nu-

clei in serial sections of caudal pons. 

RESULTS – We firstly identified and defined the normal structure of the parafacial/facial complex in control cases. Be-

sides we diagnosed the hypoplasia of these nuclei in 75% of sudden unexplained fetal deaths and never after birth. 

CONCLUSIONS – We formulate the hypothesis that the hypoplasia of the parafacial/facial complex is a specific marker 

of unexplained stillbirth, and that the normal development of this complex is essential for extra-uterine life. 
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INTRODUCTION 

 In the course of our neuropathological studies, an impres-
sive body of evidence has accumulated stressing the rele-
vance of a neuronal network extending from the hindbrain 
(that includes medulla oblongata, pons and cerebellum) to 
the midbrain. This network acts in unison to support the vital 
processes, and even its minute alterations can lead to sudden 
unexplained perinatal death and/or sudden infant death [1-8].  

 Hypoplasia of different brainstem nuclei, particularly of 
the arcuate nucleus, is frequently observed in these patholo-
gies. Recently we have also identified hypoplasia of the pre-
Bötzinger complex [9], a structure of the ventrolateral me-
dulla that has been demonstrated in experimental studies 
performed on rats to be essential for the generation of the 
respiratory rhythm [10-13].  

 A consensus is now emerging in the literature that respi-
ratory rhythm does not derive from this single medullary 
site, but also from a second, more rostral neuronal center. 
This is referred to as the “parafacial respiratory group”, due 
to its position related to the facial nucleus [14-17]. The re-
lated neurons, defined as “pre-inspiratory neurons”, trigger 
the inspiratory function in the pre-Bötzinger complex. So, 
the latest view is that the parafacial respiratory group is the 
master generator of the respiratory rhythm in mammals. 
Nevertheless, this neuronal center has never previously been 
investigated in human neuropathologic research. 

 In the present study, we firstly sought to define the local-
ization and trace the anatomical boundaries of the parafacial 
respiratory group in the human brainstem. Thereafter, we  
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aimed to determine whether this center, given its essential 
role in the respiratory rhythm-generating circuit, showed 
abnormalities in sudden unexplained perinatal and infant 
deaths, like other nuclei and/or structures of the brainstem 
and cerebellum checking vital functions, that we have re-
ported in previous works [1-8]. 

MATERIAL AND METHODS 

 A total of 67 brains were collected from 29 fresh still-
births (22-40 gestational weeks, with a peak from 36 to 40 
weeks), 9 newborns who died within the first week of life 
and 29 infants aged 1-10 months (mean age: 3 months).  

 The victims were subjected to a complete autopsy, in-
cluding examination of the placental disk, umbilical cord and 
membranes in fetuses. In all cases an in-depth histological 
examination of the autonomic nervous system was made, 
according to the protocol routinely followed by the Institute 
of Pathology, University of Milan [18,19]. 

 In particular, after fixation in 10% phosphate-buffered 
formalin, the brainstem, main objective of this study, was 
processed and embedded in paraffin. 

 Precisely, the examination of the brainstem includes the 
sampling of three specimens. The first specimen, ponto-
mesencephalic, includes the upper third of the pons and the 
adjacent portion of midbrain. The second extends from the 
upper third of the medulla oblongata to the portion adjacent 
to the pons. The third specimen takes as reference point the 
obex and extends 2-3 mm above it and below it.  

 Transverse serial sections of the midbrain, pons and me-
dulla oblongata were made in each of these three samples at 
intervals of 30 μm. For each level, twelve 5 μm sections 
were obtained, two of which were routinely stained for his-
tological examination using hematoxylin-eosin and Klüver-
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Barrera. The remaining sections were saved and stained as 
deemed necessary for further investigations.  

 The routine histological evaluation of the brainstem was 
focused on the locus coeruleus and on the parabra-
chial/Kölliker-Fuse complex in the pons/mesencephalon, and 
on the hypoglossus, the dorsal motor vagal, the tractus soli-
tarius, the ambiguus, the pre-Bötzinger, the inferior olivary 
and the arcuate nuclei in the medulla oblongata. In addition, 
for the first time we also defined and analyzed the parafacial 
and facial nuclei in serial sections of caudal pons. 

 In 36 cases, after the in-depth autoptic examination, the 
death remained totally unexplained. A diagnosis of “unex-
plained stillbirth” was established for 16 fetuses, who died 
suddenly after the 22

nd
 gestational week before complete 

expulsion or retraction from the mother; a diagnosis of “un-
explained neonatal death” for 5 newborns who died between 
birth and the end of the 1

st
 postnatal week, and of SIDS for 

15 infants died within the first year of life. In the remaining 
31 cases, 13 stillbirths, 4 neonatal deaths and 14 infant 
deaths, a precise cause of death was formulated at autopsy. 
Therefore, these cases were regarded as “controls”.  

 Table 1 summarizes the case profiles in this study, indi-
cating the sex distribution, range of ages and death diagno-
ses. 

Statistical Analysis 

 The statistical significance of direct comparison between 
the groups of victims was determined using analysis of vari-
ance (ANOVA). Statistical calculations were carried out on a 
personal computer with SPSS statistical software. The se-
lected threshold level for statistical significance was P<0.05. 

RESULTS 

 Firstly, we proceeded to identify the localization and the 
morphology of the parafacial group, the target of this study, 
in the brainstem of the 31 control cases, following the indi-
cations provided by experimental studies in this field. All 
these reports showed the parafacial nucleus to lie ventral and 
lateral to the facial nucleus.  

 The facial nucleus is easily identifiable in humans, and is 
seen in transversal sections of caudal pons at the source of 

the homonymous nerve (Fig. 1). It appears as a roundish 
cluster of large polygonal neurons with evident axons and 
dendrites, a light central nucleus with a marked nucleolus, an 
abundant cytoplasm rich in Nissl substance, adjacent to the 
trapezoid nucleus and, in the more caudal sections at the 
boundaries of the brainstem, adjacent to the upper olivary 
nucleus.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (1). Schematic representation of the histological sections ob-

tained from the caudal pons with the localization of the parafacial 

complex.  

 The human parafacial group, that we defined in a simple 
way as “parafacial nucleus”, ventro-laterally surrounds the 
facial nucleus. Compared with the facial nucleus neurons, 
the parafacial neurons are similar in shape but more intensely 
stained in both hematoxylin-eosin and Klüver-Barrera prepa-
rations, due to an increased number of pigment granules in 
the cytoplasm. Frequently, the neurons of the two nuclei are 
inter-mixed. Thus, we defined these two nuclei taken to-
gether as the “parafacial/facial complex” (pF/Fc) (Figs. 2 and 
3). 

Table 1. Case Profiles in the Study 

Age Sex (n.) Death diagnosis Victims 

(range) M F explained deaths unexplained deaths 

Fetuses 

(n.29) 

22-40 gw 12 15 Abortion (n.3) 

Necrotizing chorioamnionitis (n.4) 

Congenital heart diseases (n.5) 

Potter’s syndrome (n.1) 

unexplained stillbirth (n.16) 

Newborns (n.9) 1-4 pd 5 4 Congenital heart diseases (n.4) unexplained neonatal death (n.5) 

Infants (n.29) 1-10 m 16 13 Pneumonia (n.6) 

Congenital heart diseases (n.7) 

Pericarditis (n.1) 

SIDS (n.15) 

gw = gestational week; pd = postnatal day; m = month. 
SIDS = Sudden Infant Death Syndrome. 
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 After defining the anatomical localization of the parafa-
cial and facial nuclei in the control cases, we examined this 
neuronal complex in the 36 victims of the study who died 
without an explained cause (16 unexplained stillbirths, 5 
unexplained neonatal deaths and 15 SIDS).  

 

 

 

 

 

 

 

 

 

 
 
Fig. (2). Facial/Parafacial Complex. 

Fig. (2) shows the facial and parafacial nuclei in a case of sudden 

intrauterine unexplained death of 36 gestational weeks (histological 

section of caudal pons - Klüver-Barrera stain - Magnification 20x). 

The neurons of the parafacial nucleus are more intensely stained. 

This aspect is better evident at increased magnification (40x) in Fig. 

(3). 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Facial/Parafacial Complex. 

 Hypoplasia of both the facial and parafacial nuclei, with 
decreased neuronal density and transversal area, was diag-
nosed in 12 cases of unexplained fetal death (75% of the 
unexplained stillbirths). The neuronal cell bodies of the hy-
poplasic nuclei were sometimes morphologically similar to 
the neurons of control cases but more frequently, they were 
smaller and lengthened with a flattened nucleus, compact 
chromatin and a less evident nucleolus (Fig. 4).  

 Histological examination of the other brainstem nuclei 
throughout their extension showed different developmental 
abnormalities: hypoplasia of the arcuate nucleus in 14 of the 
34 sudden death victims (6 fetal, 1 neonatal death and 7 
SIDS victims) and in 4 of the 31 control subjects who died of 
other causes; hypoplasia of the pre-Bötzinger nucleus was 
observed in 5 unexplained stillbirths, 2 unexplained neonatal 
deaths and 3 SIDS and in 2 control cases; hypoplasia of the 

parabrachial/Kölliker-Fuse complex was present in 4 unex-
plained fetal death victims and 2 unexplained neonatal 
deaths; hypoplasia of the hypoglossus nucleus, in two SIDS 
cases.  

 

 

 

 

 

 

 

 

 

 
 

Fig. (4). Hypoplasia of the Facial/Parafacial Complex in a case of 

sudden intrauterine unexplained death of 38 gestational weeks (his-

tological section of caudal pons - Klüver-Barrera stain - Magnifica-

tion 20x). 

 Table 2 summarizes the distribution of the hypoplasic 
nuclei observed in this study in both unexplained and ex-
plained deaths.  

 Besides, in three cases of unexplained fetal death, hy-
poplasia of the pF/Fc was associated with pre-Bötzinger and 
arcuate nuclei hypoplasia. 

DISCUSSION 

 For many years the prevailing theory has been that the 
mammalian respiratory network has a single rhythmogenic 
kernel that controls the timing of inspiration, expiration and 
airway muscle activity in the ventrolateral medulla named 
the “pre-Bötzinger complex” [9-13].  

 However, the autonomy of this complex in respiratory 
rhythm generation has recently been questioned by a series 
of experiments that identified a second, more important 
“neuronal respiratory rhythm generator” located more ros-
trally, adjacent to the facial nucleus [14-17].  

 In particular, supporting the theory of two distinct respi-
ratory centers in the brainstem, Onimaru et al. [17] provided 
the basis for the hypothesis that the pre-Bötzinger complex is 
the rhythm generator for inspiratory activity, whereas the 
generator of rhythmic expiratory activity is located in the 
parafacial nucleus. Moreover, their findings allowed them to 
define the neurons of the parafacial respiratory group as 
“pre-inspiratory” neurons, because these neurons periodi-
cally trigger the inspiratory neurons of the pre-Bötzinger 
complex. Thus, the pre-Bötzinger complex appears to be 
activated by the parafacial respiratory group, in other words, 
inspiratory activity is always preceded by firing of the pre-
inspiratory neurons. Therefore, the authors ascribed the func-
tion of hierarchical modulation of the medullary breathing 
circuitry in mammals to the parafacial respiratory group.  

 The present study is the first to identify the anatomic 
localization and the cytoarchitecture of the parafacial respira-
tory group in humans. In fact, in a wide sample of fetal and 
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infant victims who died of known causes, we defined a clus-
ter of neurons in the caudal pons surrounding the facial nu-
cleus, that we regarded simply as the “parafacial nucleus”, 
rather than the parafacial group. Since the neurons of the 
parafacial nucleus are frequently inter-mixed with the neu-
rons of the facial nucleus, we called the whole neuronal 
group the “parafacial/facial complex” (pF/Fc).  

 The association of these two nuclei in the same neuronal 
complex may seem incoherent. In fact, while the involve-
ment of the parafacial nucleus in the primary generation of 
the respiratory rhythm has been demonstrated [14-17], the 
facial nucleus is traditionally considered as a motor nucleus 
that controls the activity of the facial muscles through its 
peripheral efferents [20-22].  

 Some reports have shown, however, that there are some 
non-motor neurons or interneurons in the facial nucleus that 
have axonal projections to different brainstem respiratory 
nuclei, namely to the tractus solitarius nucleus, the ambiguus 
nucleus in the medulla oblongata and to the parabrachial and 
Kolliker-Fuse nuclei in the pons [23,24]. Besides, Zhang et 
al. [25] found in experimental studies in rats that some neu-
rons in the facial nucleus were retrogradely labeled by bio-
cytin injected into the pre-Bötzinger complex region, con-
firming that the facial nucleus takes part in the regulation of 
the respiratory activity.  

 Therefore, damage to neurons of the parafacial-facial 
complex could contribute to respiratory rhythm perturbation. 

 In this study we diagnosed a very high frequency of hy-
poplasia of the pF/Fc, in terms of a decreased neuronal body 
number and area of both facial and parafacial nuclei, exclu-
sively in unexplained fetal deaths (75% of all unexplained 
stillbirths) but in no case that died after birth. 

 It is reasonable to speculate whether breathing alterations 
can lead to death during intrauterine life. It is known that the 
respiratory-related neuronal network is active before birth 
and controls respiratory-like rhythmic movements that are 
among the earliest detectable behavior of the mammalian 
fetus. Therefore, it becomes vital only after birth.  

  Thus, an immature respiratory activity is demonstrable 
in prenatal stages, shortly after the onset of fetal movements. 
Consequently, the observed morpho-functional alterations of 
the central autonomic nervous system, and particularly the 
great frequency of hypoplasia of the pF/Fc in sudden unex-
plained stillbirth, could determine defects of this occasional 

respiratory activity in prenatal life. This is supported by the 
frequent finding of lung hypoplasia in fetuses [26]. 

 Nevertheless, these breathing alterations would not be 
sufficient to justify fetal death. One possibility is that the 
neuronal structures involved participate not only in respira-
tory modulation but, more extensively, are essential to the 
control of other vital functions.  

 Another hypothesis could be, however, that these nuclei 
really are appointed only to respiratory control, but that in 
the last weeks of pregnancy, advancing towards the time of 
birth, a general check of all the essential functions for extra-
uterine life occurs, particularly of the respiratory activity. 
Sudden unexpected fetal death could therefore be ascribed to 
a selective process of natural suppression in presence of de-
velopmental alterations of the respiratory network, and par-
ticularly of hypoplasia of the pF/Fc, that is present in 75% of 
cases. 

 In conclusion, in view of the exclusive presence of hy-
poplasia of the pF/Fc in the prenatal stages, we formulate the 
hypothesis that this developmental alteration is a specific 
marker of unexplained stillbirth, or at least of a major subset 
of cases of unexplained stillbirth. Failure to observe this al-
teration after birth is indicative of the essential importance of 
normal development of the pF/Fc for extra-uterine life. 
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ABBREVIATIONS 

pF/Fc = Parafacial/facial complex 

ArcN = Arcuate nucleus 

HypoglN = Hypoglossus nucleus 

pBN = Pre-Bötzinger nucleus 

PB/KFc = Parabrachial/ Kölliker-Fuse complex 

Table 2. Distribution of the Neuropathologic Findings in Victims of Perinatal and Infant Death 

morphologic alterations 

in the brainstem  

unexplained  

stillbirth  

control stillbirth unexplained neo-

natal death  

control neonatal 

death  

SIDS  control infant 

death  

pF/Fc hypoplasia 12** - - - - - 

ArcN hypoplasia 6* 1 1 - 7* 3 

pBN hypoplasia 5* 1 2 - 3 1 

PB/KFc hypoplasia 4*  2*  - - 

hypoglN hypoplasia - - - - 2 - 

ArcN = arcuate nucleus; HypoglN = hypoglossus nucleus; pBN= pre-Bötzinger nucleus; PB/KFc = parabrachial/ Kölliker-Fuse complex; pF/Fc = parafacial/facial complex. 
Significance as compared to controls (explained deaths) is expressed for * P < 0.05, ** P < 0.01. 
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