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Abstract Previous studies addressing pulmonary artery
morphology have compared cases of sudden infant death
syndrome (SIDS) to controls but none have compared
demographic profiles, exposure to potentially hypoxic risk
factors and other pathologic variables in SIDS cases grouped
according to pulmonary artery medial smooth muscle
thickness. Aims: To compare the relative medial thickness
(RMT) in alveolar wall arteries (AW) in SIDS cases with that
in age-matched controls and 2. Compare demographic,
clinical, and pathologic characteristics among three subsets
of SIDS cases based upon alveolar wall (AW) RMT. Ret-
rospective morphometric planimetry of all muscularized
arteries in standardized right apical lung sections in 73 SIDS
cases divided into three groups based on increasing AW
RMT as well as 19 controls age-matched to 19 of the SIDS
cases. SIDS and age-matched control cases did not differ
with respect to AW RMT or other demographic variables.
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The SIDS group with the thickest AW RMT had significantly
more males and premature birth than the other groups, but the
groups did not differ for known clinical risk factors that
would potentially expose them to hypoxia. Pathologic vari-
ables, including pulmonary inflammation, gastric aspiration,
intra-alveolar siderophages, cardiac valve circumferences,
and heart and liver weights, were not different between
groups. Age was not significantly correlated with RMT of
alveolar wall and pre-acinar arteries but was significant at
p = .018 for small intra-acinar arteries. The groups were
different for RMT of small pre-acinar and intra-acinar
arteries, which increased with increasing AW RMT. Statis-
tical differences should not necessarily be equated with
clinical importance, however future research incorporating
more quantified historical data is recommended.

Keywords SIDS - Pulmonary artery - ALTE -
Morphometry - Medial smooth muscle

Introduction

Sudden infant death syndrome (SIDS) is defined as “the
sudden and unexpected death of an infant under 1 year of
age, with onset of the lethal episode apparently occurring
during sleep, that remains unexplained after a thorough
investigation including performance of a complete autopsy,
and review of the circumstances of death and the clinical
history [1].

Prior to the early 1980s, the proposal that recurrent and/
or prolonged apnea was an important risk factor for SIDS
[2-6] stimulated numerous pathology studies which eval-
uated pulmonary artery medial smooth muscle in SIDS,
with conflicting results [7—-14]. In our prior study on this
topic in which standardized approaches were used in death
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scene investigation and autopsy examination, we found
that, when adjusted for age, the relative medial thickness
(RMT) of the small intra-acinar (SIA) arteries was signif-
icantly greater in controls compared to SIDS cases; con-
versely, the RMT of the preacinar (PA) and alveolar wall
(AW) arteries, as well as peripheral medial smooth muscle
extension, did not differ between the groups. We therefore
concluded that SIDS is an acute event not preceded by
recurrent or prolonged apnea and hypoxia [15].

All of the previous studies addressing pulmonary artery
morphology in SIDS have compared the findings in these
cases to control cases; none exclusively evaluated pul-
monary artery medial smooth muscle thickness in subsets
of SIDS cases. With this in mind, we hypothesized that the
groups of SIDS cases with the thickest pulmonary artery
medias would differ from those with the thinnest medias
with respect to clinical or pathological variables that sug-
gest a prior history of hypoxia/hypoxemia. Therefore, the
aims of this study are to compare 1. The mean relative
medial thickness of the alveolar wall arteries in SIDS and
age-matched controls and 2. Demographic, clinical, and
pathologic characteristics among subsets of SIDS cases
grouped by the magnitude of pulmonary artery medial
smooth muscle thickness.

Methods

Rady Children’s Hospital and Health Center Institutional
Review Board (IRB) approved this study.

Seventy-three SIDS cases fulfilling the criteria of the San
Diego definition [1] as well as 19 controls age-matched to
19 of the 73 SIDS cases, all of which had available stan-
dardized pulmonary tissue blocks from the apex of the right
upper lobe were the subjects of this analysis. Ninety-five
percent (18/19) of the age-matched SIDS and control pairs
were matched within 5 days of each other and the oldest
control case (243 days) was matched within 9 days of the
oldest SIDS case (252 days). All of these cases had been
accessioned by the Office of the Chief Medical Examiner of
San Diego County (ME), California between 1991 and
2000. To avoid the potential confounding effect of neonatal
age on relative medial thickness (RMT) accounted for by
smooth muscle, infants <28 days of age were excluded.
Also infants with congenital heart disease and infants whose
gestational age at birth was <30 weeks were excluded.

Clinical, death scene and postmortem variables were
entered into the San Diego SIDS Research Project database
that contains selected information from the records of over
500 cases of infant death due to SIDS, accidents, inflicted
injuries and other natural causes. The information was
extracted from the ME investigative and autopsy reports
and two standardized data protocols comprised of
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checklists regarding the death scene investigation and
postmortem examination. Trained, experienced investiga-
tors from the ME obtained this information within 30 h of
an infant’s death. In 1989, a California statute mandated
use of standardized scene investigation and postmortem
examination protocols developed by a multidisciplinary
expert committee for cases of sudden, unexpected infant
death. The records were searched for information that
might affect the amount of pulmonary artery smooth
muscle, such as a history of apparent life-threatening
events (ALTEs).

In nearly every SIDS and control case, hematoxylin and
eosin stained histologic sections were also available from
every lobe of both lungs. These particular sections were
scored semiquantitatively (HFK) for the following vari-
ables: pulmonary hemorrhage, interstitial pneumonitis,
aspiration of gastric contents, and lymphoid aggregates.
The methods by which the semiquantitative assessment of
the severity of these changes was undertaken have been
published previously [16-21]. Briefly, the scale for these
variables was: 0 = absent; 1 = mild, focal; 2 = moderate,
focal; 3 = severe, focal; and 4 = severe, diffuse.

Sudden infant death syndrome cases were then divided
into three groups based upon the relative medial thickness
(RMT) of alveolar wall arteries (AW): Group 1, RMT
<lpm; Group 2, 1 <2pum; and Group 3, >2um. The
groups were then compared for age, gender, prematurity,
ethnicity, pre and postnatal exposure to cigarette smoking,
history of ALTEs, symptoms of upper respiratory illness
(URI) within 48 h of death, if ever breast-fed as well as
face and body position when found lifeless. The pathologic
variables included percent of expected weights for height
of lungs, heart and liver; expected circumferences of pul-
monary and tricuspid valves, pulmonary siderophage
counts, and RMT in pre-acinar arteries (PA), and intra-
acinar arteries accompanying small airways (SIA).

Morphometric analyses

The methods used in this analysis are identical to those
published in our previous study [15]. A single standardized
block of non-perfused lung tissue was taken prospectively
from the apex of the right upper lobe from each case. Lung
perfusion was not performed since other investigators have
described a method that accurately measures medial area in
uninflated lung; further, these investigators also note that
perfusion can cause the pulmonary arteries to sometimes
dilate excessively and unpredictably and that changes
in the intima may affect the distensibility of an artery
[22-25].

The tissue was embedded in paraffin, and histologic
sections were cut at 4u and stained with Movat
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pentachrome stain to facilitate identification of arterial
elastic laminae and medial muscle. Smooth muscle RMT
was evaluated according to methods reported by Fernie and
Lamb [22-25]. C.W.F. performed all of the measurements
for all of the cases. Three measurements, the area within
the external elastic lamina (EA), the area within the
internal elastic lamina (IA), and the length of the internal
elastic lamina (IL), were made using a computer-assisted
digitizing system with Bioquant software (Bioquant,
Nashville, TN). Images were obtained from a microscope
with an attached video camera. Several calculations were
made from these measurements. Medial area (MA) was
calculated by subtracting the area inside the internal elastic
lamina (IA) from the area included inside the external
elastic lamina (EA). The radius of the lumen (IR) was
calculated by the equation IR = IL/22n, where IL is the
length of the internal elastic lamina. The medial thickness
(MT) was calculated by the equation MT = —IR +
/IR? + MA /7. The relative medial thickness (RMT) was
calculated by dividing the medial thickness (MT) by the
external radius (ER). The external radius (ER) is the sum of
the internal radius (IR) plus the medial thickness (MT).

All arteries in cross-section or near cross-section in each
Movat stained section were assessed. Partially muscular-
ized vessels were not measured. The measured arteries
were grouped according to their locations as preacinar
arteries (PA), those that accompany membranous bron-
chioles or small bronchi; small intra-acinar arteries (SIA),
those which accompany terminal and respiratory bronchi-
oles; and alveolar wall arteries (AW). The number of
arteries examined per case ranged from 1 to 12 for preac-
inar, 4 to 13 for small intra-acinar arteries, and O to 6 for
alveolar wall arteries. The measured and calculated values
for each artery were determined three times and their
means were used for the present analyses. The RMT mean
values were calculated for PA, SIA, and AW arteries for
each case. Finally, SIDS group means were calculated for
the three artery types. The number of muscularized AW
arteries in each of the sections was determined to compare
the degree of peripheral extension of medial smooth mus-
cle in SIDS. The vessel diameters were calculated using the
external radius.

Statistical analysis

Chi-square tests and Fisher’s exact tests were used with
categorical variables. For continuous variables, which
included age, expected weights for height of heart, lung
and liver; siderophages, small intra-acinar, pre-acinar, and
alveolar wall artery relative medial thickness (RMT), the
three groups were compared using ANOVA. Pearson
correlation coefficient was calculated for age and small

intra-acinar, preacinar, and alveolar wall artery RMT. A
p value <.05 was considered statistically significant. Anal-
yses were done using SPSS version 11.5.

Results

The relative medial thicknesses of the alveolar wall arteries
were not significantly different between 19 SIDS cases and 19
age-matched control cases selected from our original study
(SIDS 103.79 £ 61.2 days; controls 103.79 £+ 60.8 days;
p = 1.00) [15]. Also, there were no significant differences
between the two groups for all other considered variables.

The three SIDS groups were significantly different with
respect to male gender (p = .047) and rate of premature
birth <37 weeks gestation (p = .036; Table 1). Compared
to the SIDS group with the thinnest pulmonary alveolar
wall arteries, the SIDS group with the thickest pulmonary
arteries had a higher percent of males (74 vs. 40%) and a
lower percent of premature births (10 vs. 43%). The three
SIDS groups were not statistically different for all other
considered demographic characteristics, selected pulmon-
ary abnormalities, cardiac valve circumferences, or heart,
liver, and lung expected weights (Tables 1, 2, 3, 4, 5).

Conversely, the groups were different for RMT of small
pre-acinar and intra-acinar arteries, which increased with
increasing AW RMT.

Age was not significantly correlated with the RMT of
the alveolar wall and pre-acinar arteries but was significant
at p = .018 for small intra-acinar arteries.

Discussion

Pulmonary arteries from the hilum to nonmuscularized
vessels in the periphery undergo remodeling in response to
hypoxic exposure. Elegantly described by Stenmark et al.
[26] the magnitude of the changes are dependent upon the
species, gender, and stage of lung development at the time
of hypoxic exposure. Muscularization of normally non-
muscularized peripheral vessels is the first cellular
response to hypoxia and is a result of an increase in size
and number of mural cells forming a media and adventitia.
Also migration of interstitial fibroblasts and extravasation
of inflammatory and mesenchymal precursor cells into the
vessel wall have been proposed as factors contributing to
formation and peripheral extension of medial smooth
muscle. These cellular and structural changes are driven by
release of endothelial vasoconstrictors, growth factors,
matrix proteins, and adhesion molecules [26]. In a recent
study, hypoxia upregulated stromal cell-derived factor-1
(SDF-1), VEGF, growth-related oncogene protein-alpha
(GRO-alpha), C5, ICAM-1, osteopontin (OPN), and
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Table 1 Demographic and

clinical characteristics of th? 2{\(/)2(}))17; \?/illcla;retsery relative 1<1(n - ? (<”2: 2 325}1 - p e
SIDS groups defined by their . .
alveolar wall artery relative medial thickness, m
medial thickness Age, mean (SD), days 120 (67) 106 (54) 94 (43) NS
Range 44-280 31-269 39-252
Male gender 6 (40%) 12 (52%) 26 (74%) .047
Ethnicity
White 6 (40%) 11 (48%) 18 (51%) NS
Hispanic 1 (7%) 6 (26%) 10 (29%)
Black 4 (27%) 5 (22%) 4 (11%)
All Others 4 (27%) 1 (4%) 3 (9%)
Prematurity (<37 weeks) n=14 n=21 n =31 .036
6 (43%) 6 (29%) 3 (10%)
Pre- or post-natal exposure to tobacco smoke n=10 n=18 n=18 NS
4 (40%) 6 (33%) 7 (39%)
Previous ALTE? n=13 n=17 n=17 NS
2 (15%) 1 (6%) 2 (12%)
Symptoms of URI within 48 h of death® n=15 n=23 n=33 NS
5 (33%) 8 (35%) 16 (48%)
Bedsharing 4 (27%) 5 (22%) 10 (29%) NS
Placed prone or side n=13 n=10 n =23 .034
8 (62%) 8 (80%) 22 (96%)
Found face down n=3_ n=19 n=21 NS
3 (38%) 7 (37%) 8 (38%)
Body found prone n=14 n=21 n =29 NS
8 (57%) 15 (71%) 25 (86%)
a ) ) No. of hypoxia risk factors: 2.13 (.92) 2.17 (1.11) 2.57 (1.04) NS
Acute life-threatening event mean (SD) range 04 04 04

" Upper respiratory infection

transforming growth factor-beta (TGF-beta) in Wistar-
Kyoto rats leading to progressive accumulation of mono-
cytes and dendritic cells into the pulmonary arterial walls
[27]. Additionally, adhesion molecule upregulation as well
as monocyte/fibrocyte growth and differentiation suggest
that a proinflammatory microenvironment capable of pro-
moting recruitment, retention, and differentiation of cir-
culating monocytic cell populations contributes to vascular
remodeling. Large pulmonary arteries experience increased
thickening of the media and adventitia in response to
hypoxia resulting in increased wall stiffness that imposes a
30—40% increase in the load to the right ventricle with
subsequent right ventricular hypertrophy and loss of stroke
volume and pulmonary blood flow [26].

In our study, the relative medial thickness of the alveolar
wall arteries did not significantly differ between SIDS
cases and age-matched controls, confirming our previous
finding [15]. The conflicting results of other studies [8, 9,
12, 14] are likely a result of differing analytical methods
and the lack of standardized SIDS definitions, case inves-
tigations, and autopsies. Given hypoxia-induced smooth
muscle proliferation in pulmonary arteries requires several
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days, the duration and/or severity of hypoxic exposure
relative to the time of death must also be considered. Thus,
arterial smooth muscle proliferation may not be apparent
after hypoxic episodes occurring shortly before death or
long after remote or in utero hypoxia. Nevertheless, the
absence of a difference in alveolar wall artery smooth
muscle between our SIDS and control cases in our study
remains intriguing given literature suggesting that at least
some SIDS cases have experienced hypoxia/hypoxemia
prior to their deaths [28-34]. Elevated VEGF levels and
being found with the face straight down into the sleep
surface are consistent with acute hypoxia shortly prior to
death, but do not confirm either chronic or recurrent pro-
longed apnea causing hypoxia.

Compared to the SIDS group with the thinnest pul-
monary alveolar wall arteries, those with the thickest
arteries included a significantly higher percent of males (74
vs. 40%) and a lower percent of premature births (10 vs.
43%; Table 1). The percentages of cases that were male or
prematurely born in the SIDS group with alveolar wall
artery thicknesses between the groups with the thinnest and
thickest medias were intermediate. SIDS has long been
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Tab.le 2 .Hlstopathologlc Group, n of cases I,(n=15 2, (n=23) 3,(n=235" pvalue
findings in SIDS subsets as a . . .
. Alveolar wall arteries medical thickness, (pm) <1 1<2 >2
function of the alveolar wall
artery mean medial thickness Histologic
gradeb
Pulmonary hemorrhage [21] 0 3 (20%) 8 (35%) 12 (35%) NS
1 5 (33%) 8 (35%) 11 (32%)
2 4 (27%) 5 (22%) 5 (15%)
3 3 (20%) 2 (9%) 4 (12%)
4 2 (6%)
Interstitial pneumonitis [17] 0 5 (33%) 6 (26%) 10 (29%) NS
1 9 (60%) 11 (48%) 20 (57%)
2 1 (7%) 6 (26%) 5 (14%)
3
4
Gastric aspiration [19] 0 12 (80%) 20 (87%) 28 (80%) NS
1 3 (20%) 1 (4%) 1 (3%)
2 2 (9%) 2 (6%)
3 4 (11%)
4
® One case is missing Lymphoid aggregates [17] 0 6 (40%) 7 (30%) 10 (29%) NS
pulmonary hemorrhage score 1 2 (13%) 9 (39%) 15 (43%)
" Grade of histological severity: 2 4 (27%) 5 (22%) 5 (14%)
0 = absent, 1 = mild, 3 3 (20%) 1 (4%) 4 (11%)
2 = moderate, 3 = severe and 4 1 (4%) 1 (3%)
focal, 4 = severe and multifocal
Table 3 Mean number of pulmonary siderophages as a function of the alveolar wall artery mean relative medial thickness
Group, n of cases 1, (n = 15) 2, (n = 23) 3, (n = 35) p value
Alveolar wall artery medial thickness, (pm) <1 1<2 >2
Number of cases with lung sections stained for 15 14 23 NS
iron-laden macrophages (siderophages)
Mean (SD)* 211 (487) 15 (13) 72 (225)
Range 4-1,732 4-38.25 0-1,078

4 Mean number of pulmonary intra-alveolar siderophages/20 contiguous high power fields (x400) [18]

known to disproportionately affect males, [35, 36] perhaps
as a result of significantly lower serotonin receptor binding
density in the raphe obscurus compared with females [37].
Previous studies have not evaluated pulmonary artery
thickness as a function of gender. Similarly, premature
birth has long been recognized as a SIDS risk factor [35,
36].

Rates of risk factors that could specifically expose the
SIDS cases to hypoxia including pre- and/or post-natal
tobacco smoke exposure, previous ALTE, URI within 48 h
of death, bedsharing, placed prone or side, found face
down, and body found prone, whether individually or
collectively, were not significantly different between SIDS
subsets (Table 1). Furthermore, the SIDS groups did not
differ from one another with respect to age and ethnicity.

Despite differences in the relative medial thickness in
alveolar wall arteries between groups, the lack of observed
differences in right heart valve circumference and expected
weights of the heart and liver suggest that the pulmonary
artery pathology was either insufficiently severe or the
interval(s) were too short to produce differences in the
severity of pulmonary hemorrhage (Table 2) or evidence of
right heart dilation, myocardial hypertrophy or cardiac
failure. Absence of significant differences in mean pul-
monary intra-alveolar siderophage counts argues against
prior hemorrhage to account for the pulmonary arterial
differences (Table 3).

For all groups, age was not significantly correlated with
the relative medial thickness of the alveolar wall and pre-
acinar arteries but was inversely correlated for small intra-
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Table 4 Observed cardiac

) . P il Group, n of cases I, (n=15) 2, (n=123) 3, (n=35) p value
valve circumterence percentie Alveolar wall artery RMT, (pum) <l 1<2 >2
as a function of alveolar wall . a
. . Number of cases with measured 9 13 28
artery mean relative medial .
. valve circumference
thickness
Pulmonary valve
<100% 2 (22%) 6 (46%) 10 (36%) NS
100-125% 5 (56%) 5 (38%) 17 (61%)
>125% 2 (22%) 2 (15%) 1 (4%)
Tricuspid valve
% Tricuspid valve <100% 8 (89%) 8 (62%) 12 (44%) NS
circumference unavailable in 100-125% 1 (11%) 2 (15%) 12 (44%)
one case, which has been ~125% 3 (23%) 3 (11%)

excluded

Table 5 Expected organ weight percentile as a function of alveolar
wall artery mean relative medial thickness

Group, n of cases 1,(n=15) 2, (n =23) 3, (n = 35)" p value

Table 6 Intra-acinar and pre-acinar artery mean relative medial
thicknesses as a function of alveolar wall artery mean relative medical
thickness

Alveolar wall artery <1 1<2 >2 Group, n of cases I,n=15 2,n =23 3,n=35 pvalue

RMT, (pum) Alveolar wall RMT, (um) <1 1<2 >2

Lungs Intra-acinar arteries RMT, (um)
<100% 1 (7%) NS Mean (SD) 18 (.03) .46 (.12) .56 (.13) .000
100-150% 5 (33%) 9 (39%) 11 31%) Range d1-21 26-85  .34-92
>150% 9 (60%) 14 (61%) 24 (69%) Pre-acinar arteries RMT, (um)

Heart Mean (SD) 2(06) .24 (08) .34 (.15) .000
<100% 4 (27%) 2 (9%) 9 (26%) NS Range 13-34  14-42 1-86
100-150% 8 (53%) 20 (87%) 26 (74%)  Pre-acinar artery measurement is unavailable in one case, which has
>150% 3 (20%) 1 (4%) been excluded

Liver
<100% 3@0%) 4 d7%) 2 (6%) NS the group in our study with the least pulmonary artery
100-150% 9 (60%) 16 (70%) 26 (76%) muscle has the highest percent of births occurring at
>150% 3 (20%) 3 (13%) 6 (18%)

? Liver weight unavailable in one case, which has been excluded

acinar arteries (p = .018; data available upon request).
This is to be expected as pulmonary arterial medial smooth
muscle normally declines with increasing postnatal age
(Pearson correlation coefficient for age by SIA —.277) and
suggests that medial smooth muscle recedes more quickly
in the alveolar wall and pre-acinar arteries. This smooth
muscle proliferation can also occur in utero in late gesta-
tion as a reactive change. In the human fetus, pulmonary
arteries develop a relatively thick muscle wall that nor-
mally diminishes rapidly after birth [38]. In piglets exposed
to hypoxia from birth, the normal reduction in arterial
muscularity is not only arrested, but reversed as exposure
time to hypoxia is lengthened [39]. Animals that are fully
adapted to extra-uterine life and then exposed to hypoxia
initially at age 14 days show an increase in muscularity
that is characterized by an increase in wall thickness and
muscular extension into smaller and more peripheral
arteries than is normal. In this regard, it is noteworthy that
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<37 weeks gestation.

Table 6 shows increasing RMT of pre-acinar and intra-
acinar arteries with increasing RMT of alveolar wall
arteries. This suggests that increasing muscularization is
seen in all categories of vessels with a stimulus sufficient to
produce it in alveolar wall arteries and that any of the
classes of arteries could have been used as the basis to
group the cases with the same outcome.

Our study is limited by the relatively small number of
cases in each of the groups, nevertheless statistical analyses
were able to demonstrate significant differences between
subsets of SIDS cases that are worthy of future research.
In addition to a larger number of cases, more complete
historical data with quantification of relevant conditions
predisposing to hypoxia would enhance our understanding
of the morphometric data.

Conversely, our study is strengthened by use of the most
current SIDS definition [1], relatively standardized
approaches to death scene evaluation and autopsy exami-
nation, and performance of the morphometric measure-
ments by the same experienced individual [15]. And, unlike
some of the earlier studies, [9, 13, 14] our investigation
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evaluated all of the available completely muscularized
arteries in the histologic sections. We also used a more
refined planimetric technique [22-25] that was developed
well after the earlier morphometric studies were reported,
and stratified the pulmonary arteries according to the
accompanying airway, rather than simply on their size, as
had been done in several of the previous studies, [7, 9—14]
thus allowing comparison of equivalent arteries and artery
size and structure, regardless of patient age [11].

In conclusion, the mean relative medical thickness of the
alveolar wall arteries did not differ between SIDS and age-
matched control cases. Conversely, when SIDS cases were
divided into groups based on mean relative medial thick-
ness of the alveolar wall arteries, they differed with respect
to the percent that were male or born prematurely, but did
not differ on rates of risk factors, individually or collec-
tively, that would potentially expose them to hypoxia.
Further research aimed at correlating more complete his-
torical data pertaining to possible hypoxia in SIDS with
pulmonary morphometry are recommended as is correla-
tion of pulmonary artery morphometric findings with other
subtle abnormalities in SIDS, such as medullary seroto-
nergic system abnormalities, [40] pulmonary intra-alveolar
siderophages, [18] and intrathoracic petechiae [16].

Key points

1. Environmental factors, e.g., prone sleep position or
soft sleep surfaces, increase the risk for SIDS probably
as a result of asphyxia.

2. Previous studies have compared pulmonary arteriolar
medial smooth muscle thickness in SIDS cases and
controls and generally shown no differences between
groups.

3. In this study demographic variables and pulmonary
arteriolar medial smooth muscle thicknesses were not
different between SIDS cases and age-matched
controls.

4. This study, the first of its kind, found that the SIDS
group with the thickest alveolar wall arteries had
significantly more males and premature births, but not
risk factors or pathologic variables suggesting prior
hypoxic exposure, than the other SIDS groups.

5. Statistical differences should not necessarily be
equated to clinical importance.
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