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Introduction
As announced in a previous report [1], here we present a 

first analysis of all the information related to victims of sudden 
and unexplained fetal and infant death collected in the data 
bank established under the Italian Law 31/2006 “Regulations for 
Diagnostic Post Mortem Investigation in Victims of Sudden Infant 
Death Syndrome (SIDS) and Unexpected Fetal Death.” This law 
mandates in fact that infants within one year of life, and stillbirths 
after 22 weeks of gestation suddenly died without any apparent cause, 
must be submitted to diagnostic postmortem investigation and 
that the findings of the in-depth autopsy, the information about the 
pregnancy, fetal development and delivery, and, in the case of SIDS, 
the environmental and familial situation in which the death occurred, 
in addition to information related to risk factors, must be collected 
by the obstetrician gynecologist, neonatologist, pediatrician, and 
pathologist involved in the case and recorded in the registry of the 
data bank. 

Until the promulgation of the Law, little effort was made to find 
the etiopathogenesis of these deaths and no database existed from 
which researchers were able to store autopsy results and all the 
information about the circumstantial, environmental, and familial 
situation within which the death occurred. Thus, basic information in 
this field was inadequate.

The purpose of this study was to analyze all the information 
included in the Italian data bank related to 59 unexpected fetal deaths 
and 61 SIDS victims. The anatomopathological protocol applied for 

the post-mortem investigation included in particular the study in 
serial sections of the autonomic nervous system and of the cardiac 
conduction system [2-4]. 

To evaluate if one or more of the variables is really involved in 
sudden fetal or infant death, the 120 cases of unexpected death were 
compared to 120 matched controls. 

The analysis of the risk factors, particularly of those classified as 
“preventable” according to Guntheroth’s criteria [5], performed in 
this case-control study will allow to update the population through 
public education and prevention programs aimed at decreasing the 
incidence of stillbirth and SIDS.

Material and Methods
The case-control study included 240 subjects, namely three 

groups of Caucasian infants: a SIDS cohort (61 cases), an unexplained 
fetal cohort (59 cases), and a control group (120 cases). The victims 
of sudden death were ascertained by the “Lino Rossi” Center of the 
Milan University during the years 2001-2010, prevalently in Lombardy 
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region, according to the above-mentioned national Law 31. This law 
states in particular that all infants dying of suspected SIDS and all 
fetuses who died after the 22th week of gestation without any apparent 
cause, must undergo an in-depth anatomopathological examination, 
according to the guidelines developed in our Research Center [2,3]. 

Hereafter we briefly describe the anatomopathological protocol. 
More detailed information is available on our previous publications 
[2-4,6-9].

Protocol for the central autonomic nervous system (ANS) 
examination

The brainstem and cerebellum, where the main vital centers are 
located (cardiorespiratory, arousal, upper digestive tract, etc.). were 
processed and embedded in paraffin. Transverse serial sections were 
made at intervals of 30 mm. For each level, twelve 5 mm sections 
were obtained, two of which were routinely stained for histological 
examination using alternately hematoxylin-eosin and Klüver-Barrera 
stains. The remaining sections 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, the retrotrapezoid 
nucleus, the parabrachial/Kölliker-Fuse complex and the rostral 
raphe nuclei in the pons and mesencephalon; the hypoglossus, the 
dorsal motor vagal, the tractus solitarius, the ambiguus, the pre-
Bötzinger, the inferior olivary, the arcuate and the caudal raphe nuclei 
in the medulla oblongata. 

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

Protocol for the examination of the cardiac conduction 
system (CCS)

Two blocks of heart were removed and paraffin embedded. Block 1 
consisted of a portion of the right atrial wall including the Sino-Atrial 
Node (SAN). Block 2, consisting of the lower portion of the atrial 
septum, essentially contains the Atrio-Ventricular Node (AVN). The 
two blocks were cut serially at intervals of 40 μm (levels). For each 
level two sections of 8 μm were stained alternately with hematoxylin-
eosin and trichromic Heidenhain (Azan). The small hearts from 
fetuses aged 22-35 gestational weeks were instead processed entire 
and serially cut perpendicularly to the interatrial and interventricular 
septa. 

Protocol for the examination of the arteries

The fetal and infant arteries (coronary, internal and external 
carotid, Willis arteries and aorta) were excised transversely to 
the longitudinal axis into segments approximately 2-4 mm long, 
processed and serially cut. The sections are stained with hematoxylin-
eosin, Azan for histological examination, Alcian blue at pH 0.5 and 2.5 
for acid mucopolysaccharides analysis, Hyaluronidase-Alcian blue for 
hyaluronic acids detection and Weigert for elastic fibers identification. 

Collection of risk factors information – Statistical analysis

All information related to both “non-preventable” and 
“preventable” risk factors were collected and stored in the specific data 
bank according to the guidelines provided by the above mentioned 
Law.

The non-preventable considered variables were: sex, gestational 
age, infant birth weight, parity, maternal age. Preventable risk 
factors included: parental cigarette smoking, alcohol and drug abuse, 
formula feeding. In the parental smoking group, particular attention 
was given to the maternal habit.

For each case of sudden unexplained death, one control was 
randomly selected from live born child of mother living in the same 
catchment area of cases and who had normal deliveries. Controls were 
matched pair wise to the index case on sex and age of mother (± 2 
years). Information on the mother’s smoking status and alcohol and 
drug use during pregnancy were collected from interviews. Parity, 
gestational age and the infant’s birth weight of cases and controls were 
obtained from the hospital record. Categories of infant variables are 
grouped according to WHO definitions [10]. 

Conditional multiple logistic regressions were used to assess the 
effects of maternal smoking and drinking on fetal and infant death, 
adjusting for the simultaneous effects of other variables.

Ethics – Ethics approval for this study was granted by the Italian 
Health’s Ministry in accordance with the above-mentioned Italian 
Law no. 31. Parents of all subjects died of sudden death provided 
written informed consent to autopsy under protocols approved by the 
Milan University L. Rossi Research Center institutional review board.

Results
Among the 120 cases examined in the study, 59 were fetal deaths 

(27 females and 32 males) aged 20-41 gestational weeks (mean: 35, 
median: 37, mode: 39) and 61 SIDS (33 females and 27 males) aged 25-
110 post conception weeks (mean: 50, median: 47, mode: 51). 

Table 1 displays a comparison of the variables considered in the 
study by cases and by controls. Case infants were more likely to be 
“premature”, that is pre-term (31.7% vs. 0.8%), and low (22.5% vs. 2.5%) 
or very low (12.5% vs. 0.0%) birth weight than controls. A significant 
higher proportion of mothers of cases (28.3%) in comparison with 

VARIABLE CASES
(n=120)
%

CONTROLS
(n=120)
%

p

GESTATIONAL AGE
< 37 weeks
≥ 37 weeks

31.7 (23.5-40.8)
68.3 (59.2-76.5)

0.8 (0.0-4.6)
99.2 (95.4-100.0) **

 PARITY
1
> 1

46.7 (37.5-56.0)
53.3 (44.0-62.5)

51.7 (42.4-60.9)
48.3 (39.1-57.6)

WEIGHT 
< 1500
1500-2499
≥ 2500

12.5 (7.2-19.8)
22.5 (15.4-31.0)
65.0 (55.8-73.5)

0.0
2.5 (0.5-7.1)
97.5 (92.9-99.5)

** 
**

MATERNAL SMOKING
 no
 yes

71.7 (62.7-79.5)
28.3 (20.5-37.3)

85.0 (77.3-90.9)
15.0 (9.1-22.7) *

MATERNAL ALCOHOL/DRUG/
SEDATIVE DRUG USE 
 no
 yes

90.8 (84.2-95.3)
9.2 (4.7-15.8)

96.7 (91.7-99.1)
3.3 (0.9-8.3)

FEEDING (only SIDS)
human milk
formula/mixed

41.0 (28.6-54.3)
59.0 (45.7-71.4)

71.2 (59.2-82.9)
27.9 (17.1-40.8) **

** p < 0.01 * p < 0.05
Table 1:  Distribution of potential risk factors for cases and controls (95% confi-
dence interval)
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mothers of controls (15.0%) smoked during pregnancy; and there was 
a highly statistical difference of breastfeeding between SIDS cases 
(41.0%) and their controls (71.2%). 

The results of multiple logistic regression analysis for maternal 
smoking and alcohol/drug use during pregnancy are presented in 
Table 2. As to the two maternal risk factors, the adjusted OR for the 
smokers was about 2.3 times greater than that for the non-smokers, 
but the OR associated with alcohol/drug use was substantially reduced 
after adjustment instead.

 Only in 97 of the 120 cases we were able to perform an in-depth 
histological examination. In the other 23 cases the samples were 
inadequate (frequently due to maceration processes) for histological 
examination. Developmental alterations of both the autonomic 
nervous system and of the cardiac conduction system were detected 
in 81 cases. None alteration was highlighted in the remaining 16 cases.

A detailed report of all the pathologic results is represented in 
Table 3.

We can summarize the results as follows: 

•	 Both unexplained perinatal death and SIDS share common 
congenital anomalies of the central ANS and CCS. 

•	 The alterations of the brainstem and cerebellum vital centers 
are wider and more severe in fetal deaths as compared to SIDS. 
In fact, whereas in SIDS victims the more frequent observation 
is the 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, of the raphe nuclei and of the parafacial complex. In 
particular, this last lesion represents a marker of unexpected 
ante-partum death. In fact it is found exclusively, and with 
a high frequency (over 30%, p<0.01), in fetal deaths. The 
distinctive congenital anomaly that marks intra-partum death 
is the hypoplasia of the parabrachial/Kölliker-Fuse complex 
(p=0.031).

•	 Alterations of the CCS (resorptive degeneration, accessory AV 
pathways, mainly Mahaim fibers, cartilagineous metaplasia, 
etc.) are more frequent in all in stillbirths than in SIDS. 

•	 Multifocal coronary early atherosclerotic lesions of varying 
entities were detected from the 30th gestational week 
particularly in the coronary and cerebral arteries, in the carotid 
and aorta. The alterations ranged from severe alteration of the 
cyto-architecture of the tunica media, forming perpendicularly 
oriented columns of smooth muscle cells infiltrating the 
intimae to focal plaques with mild myointimal thickening and 
also juvenile soft plaques reducing the arterial lumen. 

Discussion
Only recently the interest of researchers has turned to an in-depth 

study of the ANS structures which modulate vital functions and whose 
anomalies may be the death mechanism substrate. The common 
denominator of these deaths is the absence of neurological and/or 
cardiac symptoms, usually associated with the presence of congenital 
abnormalities of both the ANS system, central and peripheral, which 
control breathing activity, and of cardio-vascular functions, as well as 
arousal, after birth. 

The assessment of the knowledge deduced in this study from 
in-depth histological examination of the ANS and CCS in a wide 
sample of unexpected fetal deaths and SIDS victims, together with 
our previous studies [11-20], has led to the recognition of structural 
abnormalities, mostly congenital, that may plausibly account for a 
disruption of the neural network, triggering lethal reflexes. Thus, the 
pathogenesis of unexplained stillbirth and SIDS seems to be related to 
disorders in the control of the vital functions. 

Our neuropathological investigations in particular have 
contributed to reveal the localization and the nature of a variety of 
congenital abnormalities of the ANS, particularly of the brainstem 
and cerebellum. From the overall analysis of the results we can say that 
in general the changes are more extensive, involving a greater number 
of vital centers, in stillbirths than in SIDS. However unexplained 
fetal death should not be regarded as distinct from the cot death, 
since all these deaths are now seen to be due to the expression of 
same congenital abnormalities of an integral part of the autonomic 
nervous system. Therefore, the definitions of these deaths, currently 
nosographically distinct, should be unified.

This new approach is particularly recommended to tackle 
the multifactorial, controversial substrates of these deaths and is 
prompting important debate, providing arguments for a broader 
discussion of the pathogenesis and nosology of this open problem.

Risk Factor RR
Crude Adjusted*

Smoke 2.33 (1.14 – 4.85) 2.26 (1.03 – 4.99)
Alcohol/Drugs 2.75 (0.81 – 10.22) 1.45 (0.31 – 6.85)

* controlling for birth weight, parity and gestational age
Table 2:  Results of multivariate logistic regression analysis of risk of unexplained 
perinatal deaths and SIDS (95% confidence interval) 

PATHOLOGICAL RESULTS Unxplained perinatal death victims
(n.45)

SIDS
(n.36)

ANS ALTERATIONS
(hypoplasia/agenesis/delayed 

maturation)

Total number of cases Total 
number of 

cases

Brainstem
Arcuate nucleus 20 15
Pre-Bötzinger complex 7 3

Raphè nuclei 12 5
Parafacial complex 15* 1
Parabrachial/Kölliker-Fuse 
complex

6** -

Other nuclei (hypoglossal, 
dorsal vagal, tractus solitarii, 
inferior olivary)

9 4

Cerebellar cortex 4 5
CCS ALTERATIONS
(resorptive 
degeneration,Mahaim fibers, 
cartilagineous metaplasia, 
islands of conduction tissue in 
the CF,..)

15 7

ATHEROSCLEROTIC 
ALTERATIONS

15 19

ANS = autonomic nervous system
CCS = cardiac conductions system
* p<0.01
**All victims of intra-partum death. (two-tailed Fisher’s exact test: p=0.031)
Individual victims may display any combination of these pathological alterations.
Table 3:  Distribution of different histological alterations in the 81 cases with patho-
logical diagnoses
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For each victim included in this case-control study, anamnestic 
and epidemiological data were collected in a specific questionnaire 
included in our protocol and inserted in the data bank. The variables 
commonly referred as risk factors for fetal/infant sudden and 
unexplained death were classified, according to Guntheroth’s criteria 
[5], as “non-preventable” and “preventable”. 

Among the “non-preventable” risk factors we have to emphasize 
the “prematurity”, a determinant factor that unfortunately is 
frequently neglected as cause of infant mortality. Concerning 
this, Sowards [21] presented an updated etiology-based cause 
classification system of infant deaths, which illustrates the potential 
underestimation of prematurity-related mortality in current vital 
statistics reports. In fact, sudden infant deaths are often assigned, 
according to the International Classification of Diseases [22], to code 
other than “disorders related to short gestation and low birth weight”. 
In the present study we observed a statistically significant correlation 
between prematurity (gestational age < 37 weeks and birth weight < 
1500 g) and sudden death as compared with controls (p< 0.01).

Among the “preventable” risk factors particular attention was 
given to parental cigarette smoking and in particular to the maternal 
habit in pregnancy. The statistical evaluation of the exogenous variables 
suggests that maternal smoking during pregnancy is associated 
with a significantly increased risk of unexpected fetal mortality and 
SIDS. Such an association persists after adjustment for potentially 
confounding factors by multivariate analysis. After controlling, the 
estimated OR for smoking in this study is generally consistent with 
earlier investigations as a risk factor both for stillbirth [23-30] and 
SIDS [31]. The major competing hypothesis for the smoking effect 
observed in this study is that smokers differs from non smokers in 
other behavioral characteristics (e.g. drinking, drug use, etc), but 
controlling for these variables did not reduce the OR for smoking. The 
mechanism by which smoking may cause adverse pregnancy outcomes 
remains controversial and a bulk of theories have been proposed 
in this regard [31]. Moreover tobacco exposure has been associated 
with lower levels of serum folate and red blood cell folate in pregnant 
women [32] likely due to an important gene environment interaction 
between methylenetetrahydrofolate reductase gene activity and the 
smoke. 

In cases of maternal smoking in pregnancy, carbon monoxide, 
a gaseous combustion product of nicotine, may readily cross by 
passive diffusion into the placenta, where it binds to hemoglobin. 
Consequently, carboxyhemoglobin, that is present in the fetal 
compartment at concentrations that are generally 15% higher than 
the maternal levels, inhibits the release of oxygen into fetal tissues, 
causing hypoxia and a consequent delayed maturation especially 
in the most susceptible organs, including the brain [33]. Besides, 
nicotine is one of the few lipid-soluble substances that can spread 
beyond the blood-brain barrier by concentration gradient, and act 
directly on the expression of genes involved in the developing brain 
control. Therefore, among the numerous compounds of cigarette 
smoke, carbon monoxide and nicotine, as suggested by Gressness et 
al. [34], could affect the fetal brain via indirect and/or direct actions. 
In both cases, smoke exposure in utero may strongly affect the brain 
development, not only giving rise to structural abnormalities of 
neuronal centers checking the vital functions, but also impairing 
central chemo-sensitivity and neurotransmitter systems.

Similarly, prenatal nicotine absorption could alter the expression 
of specific genes, such as the T-box transcription factors that are 

required in the early development of the cardiac conduction system 
[35], and cause fetal arrhythmia in utero [36].

Furthermore, smoking, by affecting fetal oxygenation, causes 
vasoconstriction and reduces the fetal blood flood [37,38], as well as 
inducing atherosclerosis [8,9,39]. 

 According to other studies [40-43] no evidence confirms the 
conclusion that there is a significant risk between maternal alcohol or 
drug consumption and unexplained fetal death or SIDS.

In conclusion, all the alterations detected in both ANS and CCS 
of victims of sudden death, responsible of serious vagal reflexes, 
can be interpreted as expressions of a disturbed development as 
pathophysiological response to a variety of mechanisms and, above 
all, to maternal cigarette smoking in pregnancy.

These results suggest that all pregnant women should be advised 
that smoking places their unborn children in serious danger of 
suffering a variety of developmental alterations of the vital functions 
that can be causes of stillbirth and neonatal death. 

Efforts to reduce tobacco use in pregnancy should focus on 
preventing cigarette smoking among teenage girls. In fact most 
women begin smoking in their teens and later find it very difficult to 
quit, even during pregnancy. For this purpose Italian Law 31 requires 
to promote prevention campaigns in order to guarantee a correct 
information on the problematic of SIDS and fetal death without an 
apparent cause, and to achieve programs of continuous formation in 
medicine for the obstetrician, the gynecologist, the pediatrician, the 
neonatologist, the pathologist, and the nursing staff involved in each 
case.
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