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Summary. The sudden infant death syndrome (SIDS) is 
at present based on unknown pathogenetical mechanisms 
but in industrial nations is the most common cause of 
death in infancy after the perinatal period. Studies of  a 
large number of adrenal glands in this syndrome have not 
been reported. Therefore, we evaluated 146 SIDS cases 
(85 males, 61 females, aged 14-465 days) and 24 control 
cases (17 males, 7 females, aged 18-623 days) by light 
microscopy, morphometry and immunocytochemistry 
(anti-chromogranin A and anti-S 100 protein). Our data re- 
vealed a normal maturation of the adrenal glands in SIDS 
cases. Necroses, extensive hemorrhages or inflammation 
were not found. A focal lipid depletion of the zona fasci- 
culata was seen in 92% of the adrenal glands of the SIDS 
and control cases. We found a siderosis (in 33% of the SIDS 
cases and 4% of the control cases) and calcium deposits 
(13% and 12% respectively) due to hyperemic involution 
of the fetal zone. The medulla, including the sustentacular 
cells (S 100 protein-positive cells) and chromaffin cells 
(chromogranin A-positive cells) was unchanged. Our re- 
suits indicate that the few morphological alterations of the 
adrenal glands in SIDS cases are the effect of the underly- 
ing disease and not the cause of the sudden death. 
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Zusammenfassung. Der pl6tzliche Kindstod (SIDS), 
dem noch unbekannte pathogenetische Ursachen zu- 
grunde liegen, ist die h~iufigste Todesursache im 1. Le- 
bensjahr nach der Neugeborenenperiode in den entwickel- 
ten LO.ndern. Beitr~ige tiber die morphologischen Ver~inde- 
rungen an einem groBen Kollektiv von Nebennieren beim 
pl6tzlichen Kindstod sind uns aus der Literatur nicht be- 
kannt. Daher haben wir ein Kollektiv von 146 F~illen (85 
m~innlichen und 61 weiblichen Geschlechts im Alter zwi- 
schen 14 und 465 Tagen) und eine Kontrollgruppe von 24 
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F~illen (17 m~innlichen und 7 weiblichen Geschlechts im 
Alter zwischen 18 und 623 Tagen) lichtmikroskopisch, 
morphometrisch und immuncytochemisch (anti-Chromo- 
granin A und ant-S100 Protein) untersucht. Wit fanden 
eine regelrechte Reifung in den Nebennieren yon den 
SIDS F~illen. Nekrosen, extensive Einblutungen oder ent- 
ztindliche Infiltrate bestanden nicht. In 92% der SIDS 
F~ille und auch der Kontrollgruppe war eine fokale Lipid- 
entspeicherung der Zona fasciculata zu beobachten. Eine 
Siderose zeigte sich in 33% der SIDS F~ille und in 4% der 
Kontro11Rille und Verkalkungen in 13 bzw. 12% der F~ille, 
die wir als Zeichen der hyper~imischen Involution der fe- 
talen Zone deuteten. Die chromaffinen Zellen (Chromo- 
granin A-positive Zellen) und die Satellitenzellen (S 100 
Protein-positive Zellen) des Nebennierenmarks erwiesen 
sich als regelrecht. Wir schlugfolgern aus unseren Ergeb- 
nissen, dab die wenigen morphologischen Ver/inderungen 
in den Nebennieren yon SIDS-Ffillen Folge der zugrunde 
liegenden Erkrankung und nicht die Ursache des pl6tzli- 
chert Todes sind. 

SchliisselwiJrter: P16tzlicher Kindstod - Nebennieren - 
Nebennierenmark - Nebennierenrinde - Involutionszone 

Introduction 

The sudden infant death syndrome (SIDS), defined as "the 
death of an infant or young child, which is unexpected by 
history and in whom a thorough necropsy examination fails 
to reveal a cause of death" [2, 11] is the most common 
cause of death in infancy outside the perinatal period. 

The estimated incidence of SIDS in industrial nations 
is 1-3 per 1000 live births [3, 9, 11, 16, 19]. In the Federal 
Republic of Germany about 1000-1500 and in Great 
Britain around 2000 children die from SIDS annually [11]. 

All research in this field, whether epidemiological, mi- 
crobiological or chemical, depends on the accuracy of the 
autopsy diagnosis for its validity. It is the anatomical 
pathologist who takes the responsibility to diagnose death 
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due to SIDS if  the cause o f  death cannot  be expla ined  ad- 
equate ly  [19, 20]. 

Since Garrow and Werne [8] publ i shed  some o f  the ear- 
l iest scientif ic invest igat ions on this subject  the concept  of  
pa thologica l  f indings and pa thophys io logica l  react ions in 
SIDS have been constant ly  modi f ied  with the increasing 
number  of  cases invest igated [1]. Today most  scientists 
recognize  the mult i factor ia l  nature o f  SIDS.  Different  
studies have demonst ra ted  morphologica l  differencies be-  
tween heal thy infants and SIDS cases in pos t -mor tem ex- 
aminat ions  [14, 19, 20]. A m o n g  others, al terations of  the 
pu lmonary  arteries [20], r ight ventr icle  [20], l iver  [20], 
g lomic  t issue o f  the carot id  body  and chromaff in  t issue in 
the adrenal  medul la  [14] and an abnormal  gliosis in the 
bra ins tem [14] have been described.  These results have 
been interpreted as al terations due to chronic hypoxemia .  
The most  c o m m o n  morphologica l  f indings in SIDS are lo- 
cal ized in the upper  and lower  respira tory tract, in the ner- 
vous system, thymus and in the lymphatic tissue [14, 19, 20]. 

In the last ten years  many  groups of  forensic  and pedi-  
atric pa thologis ts  have  deve loped  different  au topsy  proto-  
cols to p rov ide  a bas ic  s tandard for an adequate  post-  
mor t em examina t ion  [10, 19, 20, 21]. Despi te  the pub- 
l ished protocols ,  which include the evaluat ion  o f  the 
adrenal  g lands  [10, 19, 20, 21], there are only a few re- 
ports  in the l i terature on morpho log ica l  changes in the 
adrenal  glands in SIDS [1, 14]. However ,  it is wel l  known 
that an adrenal  insuff ic iency can remain  c l in ica l ly  unde- 
tected until  an adrenal  decompensa t ion  takes p lace  and 
the pat ient  dies suddenly.  

In 28 cases o f  SIDS Naeye  [14] found an enlarged 
mass  of  chromaff in  cells in the adrenal  medul la  as an in- 
d ica t ion  o f  chronic hypoxemia .  Al thof f  [1] emphas ized  
that further research would  be necessary  to c lar i fy  the role 
o f  the adrenosmypa the t i c  sys tem in SIDS.  

The  a im of  our  s tudy was to invest igate  the features of  
the adrenal  glands in a large number  o f  SIDS cases  using 
his tological ,  morphomet r i ca l  and immunocy tochemica l  
methods ,  and was part  o f  a larger  mul t icenter  study. 

M a t e r i a l  and m e t h o d s  
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Table 1. Cases of death due to SIDS 

Age in days Males Females Total 

1- 90 31 18 49 
91-180 27 21 48 

181-270 18 9 27 
271-360 9 8 17 

>361 8 5 5 

Total 85 61 146 

Table 2. Control cases 

Age in days Males Females Total 

1- 90 4 0 4 
91-180 4 2 6 

181-270 6 2 8 
271-360 0 2 2 

>361 3 1 4 

Total 17 7 24 

Table 3. Causes of death in the control group 

Cause of death Number of cases Percentage 

Pneumonia 7 29.1 
Drown's syndrome 4 16.6 
Suffocation 2 8.3 
Carditis 2 8.3 
Sepsis 2 8.3 
Strangulation 1 4.2 
Tracheobronchitis 1 4.2 
Hyperthermia 1 4.2 
Ileus 1 4.2 
Vitium cordis 1 4.2 
RDS III 1 4.2 
Reflectory death 1 4.2 

Total 24 100.0 

I) The study group 

The study group included 146 cases of SIDS, aged between 14 and 
465 days (mean age 156.2 days). The sex distribution was 85 
(58%) males and 61 (42%) females (Table 1). The control group 
included 24 cases, aged between 18 and 623 days (mean age 209.3 
days). The sex distribution of the control group was 17 (71%) 
males and 7 (29%) females (Table 2). The causes of death of the 
control group are shown in Table 3. 

The adrenal glands for this study were obtained from the Insti- 
tutes of legal Medicine at the Universities of Mtinster and Essen 
(Germany). 

II) Histology 

The adrenal glands were fixed in formalin and embedded in paraf- 
fin. The slides were stained with HE, PAS, prussian blue, yon 
Kossa's method for calcium deposits and Gomori's silver staining 
method for reticulin. The morphometric data of the cortex were 
obtained with an eyepiece micrometer scale (Leitz, Wetzlar). 

II1) Immunohistochemistry 

Adrenal glands containing part of the medullary tissue (100 in the 
SIDS group and 20 in the control group) were immunostained for 
chromogranin A and S 100 protein by the avidin-biotin-peroxidase 
complex technique. In those cases where no medullary portion 
could be found, it would seem that this is a problem of sampling 
and not a sign that the adrenal medulla was absent. 

The sections were initially incubated with a 1:50 dilution of 
normal goat serum (30 rain, room temperature) and then with rab- 
bit-anti-S100 protein (polyclonal, Dako, Hamburg, FRG, 1:400) 
or mouse-anti-chromogranin A (monoclonal, Boehringer, Mann- 
heim, FRG, 1 : 100) antibodies (30 rain, at room temperature). The 
sections were incubated with biotinylated anti-rabbit or anti-mouse 
antibodies and finally with preformed avidin-biotin-complex 
(ABC). The reaction product was visualized with diaminobenzi- 
dine tetrahydrochloride as chromogen. All sections were counter- 
stained with Mayer's hematoxylin. 
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IV) Quantif ication and classification 

Adrenal cortex. Permanent cortex: The morphology and stage of 
development of the permanent cortex were graded as follows: the 
zona glomerulosa as: not present/in development/well developed; 
the zona fasciculata in relationship to the degree of lipid depletion 
as: no lipid depletion/focal lipid depletion/generalized lipid deple- 
tion. 

Fetal cortex: The thickness of the fetal cortex was measured mor- 
phometrically in 6 different areas of the adrenal glands and was ex- 
pressed as the ratio: fetal cortex/total adrenal cortex (%). Hyper- 
emia of this zone was classified as: none/mild/severe/hemor- 
rhages. Siderosis and calcium deposits were investigated by pruss- 
ian blue and yon Kossa staining and classified as: absent/mild/par- 
tial/generalized. 

Adrenal medulla. The adrenal medulla was evaluated for its con- 
tent of chromaffin and sustentacular ceils (chromogranin A-posi- 
tive and S100 protein-positive cells, respectively). The presence 
and degree of development of a medullary capsule were verified 
by staining the argyrophil fibers by Gomori's technique. 

Results  

In our collective of 146 SIDS cases the mean  age was 
156.2 days (14 to 465 days), and 98% died before the end 
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Table 4. Ratio: fetal cortex/total adrenal cortex (%) in SIDS cases 

Age in days 0-15% 16-30% >31% Total 

1- 90 3 21 25 49 
91-180 12 31 5 48 

181-270 14 13 27 

271-360 10 7 17 

>361 4 1 5 

TotN 43 73 30 146 

of the first year of life and 67% before the end of the sixth 
month  (Table 1). 

The zona glomerulosa was identified as a narrow band 
of small  clear cells beneath the capsule, which was not 
distinctly separated from the zona fasciculata in most  
(71%) SIDS cases. 

The  zona fasciculata,  which  was wel l  developed in 
all cases, consis ted of co lumns  of spongiocyt ic  cells 
with typical  ovoid nucle i  and a l ipid-r ich clear cyto- 
plasm. In  the major i ty  of  cases (92%) smal l  clusters of 
cells were found  with more  eosinophi l ic ,  smaller  cyto- 
p lasm and ovoid dark nucle i  as a typical  s ign of l ipid 
deplet ion.  

Fig. 1. Adrenal gland from a 121-day-old boy: regular permanent 
cortex, involution zone (below) with involution alterations. Hema- 
toxylin-Eosin (x 110) 

Fig.2. Adrenal gland from a 320-day-old girl: regular permanent 
cortex, strong siderosis in the involution zone (below). Prussian 
blue (× 270) 
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Fig.3. Adrenal gland from a 320-day-old girl: regular permanent 
cortex, calcium deposits in the involution zone. Von Kossa's reac- 
tion (x 270) 

Fig.4. Adrenal gland from a 40-day-old girl: involution zone and 
dense network of reticulin fibres as a medullary capsule around a 
medullary vein. Gomori's silver method (x 270) 

The sinusoids of  the cortex were regulary shaped with- 
out thrombosis, hemorrhages or any other alterations. 
Signs of  extensive fibrosis or necrosis were not found in 
the permanent cortex. 

The fetal zone consisted of lipid-rich cells among a 
well developed capillary network (Fig. 1). 

A progressive reduction in size was observed during 
the postnatal period due to the postnatal degeneration of 
this zone (Table 4). A mild hyperemia of this zone was 
seen in 42% and a severe hyperemia in 58% of the SIDS 
cases and in 63 and 37% of the control cases respec- 
tively. 

A siderosis of the fetal cortex appeared in 37% of the 
SIDS cases and in 4% of the control cases (Fig.2) and a 
calcification in 12 and 13% respectively (Fig. 3). 

The adrenal medulla exhibited a strongly positive, ho- 
mogeneous immunostaining for chromogranin A in all 
cases. Sustentacular cells, positive for S100 protein, were 
randomly scattered among chromaffin cells but were 
clearly less numerous. 

The medullary capsule initially was seen as a long 
broad band of reticular connective tissue, which gradually 
became narrower and finally, by the end of the first year 
of life, sharply delineated the medulla and the permanent 
cortex (Fig. 4). 

Discussion 

The majority of cases occurred in the first year of  life 
(98%) with a maximum between the second and fourth 
month (Table 1). A comparison of the frequency of SIDS 
before the end of the sixth month of life in our group with 
that reported in the literature shows similar results [1, 12]. 

We observed a preponderance of the male sex in our 
group (Table 1). Similar results have been obtained from 
other large epidemiological investigations of SIDS [1, 
12]. Some authors also observed a preponderance of the 
female sex in their collectives but these differences could 
not be explained [1]. 

Despite many efforts during the last decade to try to 
define epidemiological features which could be relevant 
to SIDS and to identify infants at risk, there have been 
only very few morphological studies of  the adrenal glands 
in SIDS [1, 14]. 

However, the development and maturation of the 
adrenal cortex in healthy children dying from accidental 
causes has been adequately studied [5, 6, 7]. 

In the adrenal cortex of infants there is no sharp de- 
marcation between the zona glomerulosa and fasciculata 
and both layers can only be distinguished by their cellular 
features [15]. The zona glomerulosa becomes developed 



248 

and separated f rom the zona fasciculata  only after the end 
of  the second year  o f  life. This is in accordance  with our 
observat ions.  

The focal  l ipid deple t ion  of  the zona fasciculata,  pre- 
sent in 92% of  SIDS cases,  was interpreted as a sign o f  ac- 
t ivi ty with high hormone  release,  as def ined  by  D h o m  [5, 
6]. In 1956 Syming ton  et al. [17] repor ted  a focal  l ipid de- 
plet ion in 9 0 - 9 5 %  of  unselec ted  pos t -mor tem examina-  
t ions and a mass ive  l ip id  deple t ion  of  the adrenal  cor tex of  
chi ldren dying f rom severe infections or  burns.  In accor-  
dance with this we found a l ip id  deple t ion  of  the zona fas- 
c iculata  in 92% of  our control  cases. 

The  fetal  cor tex or involut ion zone occupies  75% of  
the adrenocor t ica l  thickness  in mature  newborns .  The  in- 
volut ion with hemorrhag ic  necrosis  may  be rap id ly  pro-  
gress ive  in the neonatal  per iod  [15]. At  the end of  the first 
month  o f  l ife the ratio of  permanent  cor tex to fetal  cor tex 
decreases  to 1 : 1 [4, 5, 13]. The  involut ion  of  this zone is 
comple ted  by  the end o f  the first  year  [5, 6]. 

The  size of  the fetal  cor tex in our study exhibi ts  an in- 
verse  re la t ionship to the pos tnata l  age (Table 4). The  
siderosis  and ca lc ium deposi ts  found in this zone can be 
corre la ted  to the hype remic  involut ion  process.  

The col lapse  of  the stroma, which accompanies  the in- 
volut ion of  the fetal cortex,  results  in the format ion  of  a 
medu l l a ry  capsule.  The  long broad band  of  connect ive  tis- 
sue seen in the first  months,  gradual ly  narrows and 
sharply  del ineates  the medul la  and permanent  cortex by  
the end o f  the first  year  of  l ife [5, 6, 15]. In accordance  
with this phenomenon  we found a good  correla t ion be-  
tween the age and the degree  of  deve lopment  of  the 
medul la ry  capsule  in our col lect ive.  

Despi te  extensive studies of  the adrenal  cor tex in 
chi ldhood,  sys temat ic  studies on the deve lopmen t  o f  the 
adrenal  medul la  have not  been pe r fo rmed  [1], but  the de- 
gree of  matura t ion  of  the medul lar  cel ls  seems to be  
largely incomple te  during the first year  of  life. The matu-  
rat ion o f  this zone is said to be comple te  only after the end 
o f  the second year  [5, 6, 15]. 

By  the immunohis tochemica l  studies we could  not  
f ind any abnormal i t ies  in the medul la .  The chromaff in  
cells were  seen as an homogeneous ,  s t rongly chromo-  
granin A-pos i t ive  mass  of  cells around the central  vein. 
The  sustentacular  cells,  r andomly  scat tered among the 
chromaff in  cells,  were  typ ica l ly  s tained posi t ive  for the 
S100 protein  [18]. 

Fur thermore ,  we did not observe  any inf lammat ion,  tu- 
mors,  extensive necrosis ,  hemorrhages ,  hypoplas ia ,  or 
other al terat ions in the adrenal  glands f rom the 146 SIDS 
cases. 

Conclusions 

The process  o f  matura t ion  in the adrenal  medul la  as wel l  
as in the adrenal  cortex of  SIDS cases appears  to be nor-  
mal.  The hyperemia ,  s iderosis  and ca lc ium deposi ts  in the 
involut ion zone can be interpreted as signs o f  the involu-  
t ion process.  

No  morpho log ica l  al terat ions were observed  in the 
adrenals  of  our 146 SIDS cases which  could  expla in  the 
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pathogenes is  or the cause of  death in this syndrome.  The  
few morpho log ica l  changes of  the adrenals  must  be inter- 
pre ted  as an effect  of  the unknown under ly ing disease  and 
not  as a cause of  the sudden death and as they were  also 
present  in the control  cases. 
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