
Abstract In 1991, 1994 and 1997 Shatz et al. reported on
a specific and pathognomonic basement membrane (BM)
thickening of the vocal cord in cases of sudden infant
death syndrome (SIDS). In 40 cases of sudden and unex-
pected infant death the histological examination of the lar-
ynx was performed to identify possible differences between
SID (n = 26) and non-SID (n = 14) cases. The dissection
technique of Hohmann (1963) and Maxeiner (1986) was
modified for the infant’s larynx. Since the normal range of
the BM thickness of the vocal cord for the age group
younger than 1 year had not yet been exactly defined, a
reference interval had to be established (0.5 µm–2.0 µm).
In 2 SID and 1 non-SID cases a mean BM thickness (BMT)
of more than 2.0 µm could be estimated (2.38 µm–2.95 µm).
The BMT in these cases appeared to be highly variable
and not harmonically thickened. None of the investigated
regions of the BM (cranial to caudal thirds, ventral to dor-
sal areas) seemed to be prefered thickened. There was no
statistically significant difference between the two groups.
A specific thickening of the BM of the vocal cord in SID
cases could not be confirmed. Therefore, BMT cannot be
used as a diagnostic postmortem marker for SID.
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Introduction

The macroscopic and histologic investigation of the respi-
ratory tract including the larynx is a standard procedure in
cases of sudden infant death. Besides inflammatory changes
as reported by many authors [e.g. 1–4] Shatz et al. found
[5–8] a BM thickening of the vocal cord in cases of sud-

den infant death syndrome (SIDS) and considered it to be
specific and pathognomonic for SIDS. This BM thicken-
ing was neither correlated with any other pathological
finding nor did it occur in infants who died suddenly and
unexpectedly of known causes. Therefore, Shatz et al.
suggested that the BMT of the vocal cord could be used as
a postmortem marker in SIDS cases. 

Material and methods

Thorough postmortem (pm) examinations were performed on 26
cases of sudden infant death (SID) and 14 control cases in the age
of 4 weeks to 14 months (Table 1) at the Institute of Legal Medi-
cine in Münster, Germany. A standardized autopsy protocol in-
cluding death scene investigation by the police, previous history,
extensive histology, microbiology, virology and toxicology [9, 10]
was used. The pm interval was 6–73.5 h (on average 26.5 h). In the
SID group 57.7% were male and 42.3% female and 57.7% of the
SID cases occured during the first 6 months of life.
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Table 1 Distribution by sex and age of the SID and non-SID
cases (d days, m months). * In two cases from category V the in-
fant was older than one year (55 and 59 weeks)

Group Total Male Fe- Age
male

N N N (on aver- (range)
age)

SID cases 26 15 11 5.5 m 44 d–10.5 m
(categories I–III)

Non-SID cases 14 10 4 5.25 m 28 d–14 m*
(categories IV,V)

Table 2 Causes of death in the non-SID cases (natural and unnat-
ural cause of death)

Non-SID cases (natural deaths) Unnatural deaths
(category IV; n = 6) (category V; n = 8)

Interstitial pneumonia 4 Drowning 3
Bronchopneumonia 2 Suffocation 3

Cocaine intoxication 1
Embolism of pulmonary
arteries due to injection of 
carrot juice 1



The SID cases are not homogeneous and could be subdivided
into three categories, and the non-SID group contains natural and
non-natural deaths, in modification of [9,11]:

SID cases:
I: cases with inconspicious history and no pathological autopsy

findings (n = 6, so-called “SIDS”),
II: minimal pathological autopsy findings and/or previous history

of minor illness (n = 16, so-called “SIDS+”[9,12,13]),
III: intermediate pathological findings, potentially cause of death

(n = 4, SID);

non-SID cases:
IV: cases of natural death (n = 6),
V: cases of non-natural death (n = 8).

In the non-SID group (categories IV and V) 71.4% of the infants
were male 28.6% female and 57.1% were younger than 6 months
of age when they died. The causes of death in the categories IV
and V are given in Table 2.

The larynx was dissected following the method of Hohmann
[14] and Maxeiner [15], modified for the infant’s larynx. Three

sagittal tissue samples each one from the ventral, central and dor-
sal third were taken from both vocal cords (with the vestibular
folds, Fig. 1.1), fixed in buffered 5% formaldehyde and embedded
in paraffin. One 3–4 µm thick section from each sample was stained
with hematoxylin and eosin (H&E), luxol fast blue, Schiff’s peri-
odic acid and Heidenhain’s azan. In each section 3 different locali-
sations were chosen to measure the basement membrane (BM)
thickness: 6 measurements were carried out in the cranial third,
seven in the frontal and also 6 in caudal area (Fig. 1.2). A total of
120 measurements were made in each case using a Leica Quantimed
Q600 S. The arithmetic as well as the harmonic mean barrier thick-
ness were calculated. For statistical purposes the cases in categories
1–3 were grouped together as SID cases and compared with the
cases of the categories 4 and 5 as non SID cases. Statistical calcula-
tions were performed using the U-test (Mann-Whitney-Wilcoxon).

Results

Because the normal range of the BMT of the vocal cord
for the age group younger than 1 year had not yet been ex-
actly defined, a reference interval had to be established.
The curve of distribution of the BM measurements sug-
gested a Gaussian curve for values between 0.5 µm and
2.0 µm as the reference interval in this group (Fig. 2). The
mean BMT was not statistically different between the
cases of categories 1–3 and the non-SID group (Table 3,
Fig. 3a). The arithmetic mean of the BMT was slightly
higher than the harmonic: In the SID group the factor was
1.05, in the non-SID group 1.06.

Age dependent differences of the BMT in the cases
aged up to 14 months were not found. In three cases, two
out of 26 SID cases (7.7%) and one out of 14 non-SID
cases (7.1%), a BMT of more than 2.0 µm could be esti-
mated (2.38 µm–2.95 µm, Figs. 2, 3b,c). The BM was not
harmonically thickened in these cases, a preferred local-
ization of the thickened BM could not be observed. In two
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Fig.1 Scheme for sampling
and measurements. 1.1 – laryn-
goscopic view: a – epiglottis, 
b – vocal cord, c – vestibular
fold, d – piriform recess; I –
ventral, II – central, III – dor-
sal third of the vocal cord. 
1.2 – Cross section through the
larynx with the vestibular fold
(c) and the vocal cord (b) and
the glottis (e). Measurements
were carried out in: A – cau-
dal, B – frontal, C – cranial
area of the vocal cord

1.1 1.2

Table 3 Arithmetic thickness
of the BM, standard deviation
and ratio of the arithmetic and
harmonic mean BMT in the
categories investigated

Category Arithmetic mean Range (µm) Ratio of arithmetic mean BMT
BMT (µm) ––––––––––––––––––

harmonic mean BMT

I 1.14 ± 0.37 0.71–1.55 1.02
II 1.37 ± 0.65 0.70–2.95 1.06
III 1.32 ± 0.31 0.92–1.61 1.04
IV 1.10 ± 0.44 0.56–1.72 1.07
V 1.52 ± 0.45 0.98–2.38 1.05

SID cases (I–III) 1.31 ± 0.24 0.70–2.95 1.05

Non-SID (IV,V) 1.34 ± 0.34 0.56–2.38 1.06

Fig.2 BMT in SID and non-SID cases



of these three cases the thickening was correlated with a
distinct edema (Fig. 3c). Moderate signs of upper airway
inflammation appeared in one of the two cases with dis-
tinct edema.

Furthermore, there were two SID and three non-SID
cases with a focally thickened BM (average BMT 1.59 µm ±
0.36 µm, Fig. 3b). All of these cases revealed a distinct sub-
epithelial edema, but signs of inflammation could not be
seen.

None of the investigated parts of the vocal cord (cranial to
caudal thirds, ventral to dorsal areas) seemed to be preferred
for thickening, neither for the focal nor for the total BMT.
The observed edema was not only located beneath the thick-
ened BM, but appeared to be more obvious at these sites.

Discussion

Depending on the organ, the localization of measurement
and the age of the infant the BM varies in thickness rang-
ing from 0.05 µm–3 µm and may be particularly thick
[16–18]. The BM, which appeared in the PAS reaction as
a homogenic band because of the glycoprotein content
[18], shows in electron microscopy an electrondense
Lamina densa and less electrondense internal and external
Lamina rara [18, 19]. The Lamina densa consists of a
meshwork of type IV collagen fibres [20, 21]. Therefore, the
results of measurements in the PAS reaction and in type IV
collagen immunohistochemistry give comparable values.

In 1991 Shatz et al. [5] reported on a BMT with a har-
monic mean of 4.7 µm ± 0.7 µm (range 2.7–11.0 µm) in
the SIDS victims (n = 23), with no pathological condition
other than the BM thickening. BM thickening could not
be demonstrated in any of the 6 non-SIDS cases where the
BMT was below the resolution of light microscopy (0.1–
0.2 µm) [5]. For the measurements the authors used hori-
zontal and sagittal section stained with H&E and PAS.

In a second study [6] these authors demonstrated a spe-
cific BMT of 5.98 µm ± 0.49 µm on average (range 1.34–
16.7 µm) in SIDS cases. The BMT was correlated with
the age of the infants at death (3 µm at 2 months, 11 µm
at about 3–5 months, decline after the 5th month of life).
The mean BMT in non-SIDS cases was less than 0.015 µm.
A thickened BM could not be observed in these cases.

We established a reference interval for the BMT of the
vocal cord in the age group of infants younger than one
year between 0.5 µm and 2.0 µm, and could demonstrate
that only in three of our cases a marked BMT with a mean
thickness of 2.57 µm ± 0.89 µm occurred. In only one of
the three cases a possible pathogenesis of the BM thick-
ening could be supposed: the microscopic examination re-
vealed moderate signs of upper airway inflammation with
a distinct edema. In none of these cases was a positive
smoking history of the parents during pregnancy and after
birth documented. Riße at al. [22] discussed recurrent
laryngospasms and laryngeal stress by frequent spells of
shrill crying as possible causes for fibrinoid necrosis and
thickening of the BM.

Our measurements of the BMT were confirmed by
Berry [23] and Krous et al. [24]. who estimated a mean
BM thickness of 1.97 µm ± 0.03 µm (SID), and 2.0 µm ±
0.04 µm (non-SID) respectively which is in accordance
with the postulated reference interval of 0.5–2.0 µm. 

Possible reasons for the apparent difference of the BMT
reported by Shatz et al. [5–8] could be due to the dissec-
tion of the larynx not only sagittally, but also horizontally.
In the latter dissection technique a tangential section of the
BM as well as a higher thickness of the sections could be a
cause for BM measurements of 10 µm and more (Fig. 4). 
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Fig.3a–c Histology of the BM in different cases. a Normal thick-
ness of the BM (<) in a SID case. PAS, × 1250. b Focally thick-
ened basement membrane (>) in a SID case. PAS, × 1250. c Dis-
tinct thickening of the basement membrane (>)with subepithelially
located edema in a SID case. PAS, × 1250
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However, there are two apparent discrepancies which
are difficult to resolve. In contrast to the findings of this
study Shatz et al. [5] did not find BM thickening in the con-
trol group despite tangential cutting. The average thickness
of BM in the control group was also much lower and was
“below the resolution” of light microscopy (0.1–0.2 µm).
This value is lower than given in literature for the average
thickness of basement membranes (up to 1 µm [25]).
Also, it can be understood from the work of Shatz et al.
that the basement membranes have not been observed by
these authors in the control cases. If this is true, it can only
be speculated about the cause for the differences between
both control collectives (Shatz et al. versus ours).

A specific thickening of the BM of the vocal cord in
SID cases could not be confirmed in the present work.
Therefore, BMT is not suitable as a diagnostic post-
mortem marker for SID.
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Fig.4 Influence of the section plane in horizontal sections on the
BM thickness. A sagital section of the BM of the vocal cord is
shown. Two horizontal sections are performed: a in the midline, b
offset from the midline a′ gives the real BM thickness measured in
the midline and b′ shows a “thickened” BM caused by a measure-
ment offset from the mideline there the BM is tangential cut


