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Background: Meconium aspiration syndrome (MAS) is defined by respiratory distress requiring
supplemental oxygen in a meconium-stained neonate. MAS s clinically subclassified as mild,
moderate, and severe according to the oxygen requirement. The aims of this study were to compare
the histological findings in the placentas of MAS neonates with those of meconium-stained but
non-MAS neonates and to analyze the correlation between the severity of MAS and the grade of
its histological parameters. Methods: We collected 160 singleton term placentas from neonates
with meconium staining at birth from a tertiary medical center, Seoul, Republic of Korea. We reviewed
hematoxylin and eosin sections of tissue samples (full-thickness placental disc, chorioamniotic
membranes, and umbilical cord). Results: Funisitis was present more frequently in MAS than in
non-MAS (p<.01), of which the stage was correlated with the severity of MAS (p<.001). The histo-
logical findings consistent with maternal underperfusion and chronic deciduitis were more frequent
in MAS than in non-MAS (p<.05). There was a correlation between the degree of chorionic vascular
muscle necrosis and the severity of MAS (p <.05). Conclusions: Our results suggest that fetal
inflalmmatory response evidenced by funisitis occurs prenatally in MAS and that the stage of funisitis
and of chorionic vascular muscle necrosis may be a predictive marker of the severity of MAS.
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Meconium-stained neonates are quite common, accounting
for about 10% to 16% of term pregnancies, in which a minori-
ty of cases suffer from respiratory distress requiring supplemental
oxygen." These cases are called meconium aspiration syndrome
(MAS), occurring in 2% to 36% of meconium-stained neonates.”®
MAS is clinically subclassified as mild, moderate, and severe, according
to the degtee of respiratory distress and treatment requirements.
In the past, the whole spectrum of MAS was considered as a
group of diseases caused by meconium aspiration, but more recently
it is understood that severe MAS is pathophysiologically different
from mild and moderate MAS.”’ The time and amount of meconium
exposure are not correlated to the severity of MAS.*” The risk
factors of severe MAS do not show a linear extension with those
of mild and moderate MAS.” Moreover, the histologic and
physiologic changes in severe MAS cases cannot be explained by
aspiration of meconium per se.""" Rather, it is proposed that severe
MAS results from chronic asphyxia or infection accompanying
meconium passage and lung damage.’

The placenta is an organ that connects the fetus to the uterus of
the mother, thus providing the fetus with a safe environment ren-
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dering gas exchange and waste elimination. In a sense, the placenta
is a unique organ that mirrors the status of a fetus and mother
during pregnancy. For example, when the placental membranes are
ruptured and amniotic fluid infection occurs, the placenta shows
acute chorioamnionitis (as the maternal inflammatory response)
and funisitis (as the fetal inflammatory response).'> When the pla-
centa does not carry adequate oxygen and nuttition for the fetus
due to maternal underperfusion such as preeclampsia, the placental
villi show increased syncytial knots, villous agglutination, inter-
villous fibrin, and distal villous hypoplasia, while maternal vessels
in the decidua disclose atherosis or mural hypertrophy of the
arterioles.”® In contrast, the vascular thrombo-occlusion of a fetal
origin is evidenced by avascular villi and villous stromal-vascular
karyorrhexis accompanied by thrombus or intimal fibrin cushion
of fetal vessels in the placenta."* Meanwhile, meconium-laden
macrophages in the placenta are usually considered to be indicators
of the meconium passage i utero.” In addition, acute chorioamni-
onitis, funisitis, chorionic vascular muscle necrosis, and amnion
degeneration are accompanied by meconium exposure.'*"”

MAS is one of the significant causes of neonatal respiratory
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distress leading to various morbidities and mortality."™" It is
critical to know the risk factors of MAS, especially the severe
one, as soon as possible before and/or after birth to manage a
neonate predisposed to MAS. In order to find histopathological
findings in the placenta to predict the occurrence and severity
of MAS, we evaluated the histopathological findings in placentas
from the MAS neonates, compared them with those from the
meconium-stained but non-MAS neonates, and analyzed any
correlation between the severity of MAS and the grade of the
histological parameters.

MATERIALS AND METHODS

Among singleton term neonates with meconium staining at
birth (n =835) from all live deliveries (n = 16,264) in our institution
from January 2006 to June 2014, a total of 160 cases whose placentas
were available for histological examination were included in this
retrospective study. The study was approved as a retrospective
study without informed consent by the institutional review board
of the hospital (2011-07-063). Multiple gestation, fetal deaths
in utero, or other major anomalies were excluded. Clinical char-
acteristics of the study population were reviewed in three catego-
ries: (1) maternal factors (age, parity, gestational age at delivery,
mode of delivery); (2) neonatal factors (weight, sex, presence of
fetal growth restriction, Apgar score, grade of meconium staining,
neonatal intensive care unit admission and duration, arterial
blood gas analysis of cord blood); and (3) intrapartum factors (pres-
ence of fever [>38°C], rupture of membrane to delivery interval,
oligohydramnios, use of labor epidural anesthesia, use of oxytocin,
and fetal heart rate patterns). MAS was classified as follows:
mild, requiring <40% oxygen for <48 hours; moderate, requiring
> 40% oxygen for at least 48 hours; or severe, requiring assisted
mechanical ventilation for more than 48 hours.*

The tissue samples (the placental disc in full thickness, a cross
section of the umbilical cord, and a roll of the chorioamniotic
membranes) wete fixed in 10% formalin and embedded in paraffin.
The tissue sections stained with hematoxylin and eosin were
reviewed by a pathologist who was blind to the clinical information.
Placental histologic findings were categorized as those associated
with amniotic fluid infection, maternal underperfusion, and fetal
vascular obstructive lesions, according to the criteria proposed
by the perinatal section of the Society for Pediatric Pathology.""*
Chronic placental inflammation such as chronic villitis, chronic
choricamnionitis, and chronic deciduitis were diagnosed according
to the criteria reported previously.****' Meconium-laden mac-
rophages, amnion degeneration, chorionic vascular muscle necrosis
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were included as histological findings related to meconium
staining (Fig. 1).”"" Tables 1 and 2 summarize the histological
findings and their grading systems (if included).

For statistical analysis, SPSS Statistics ver. 23 (IBM Corp.,
Armonk, NY, USA) was used. For evaluation of the significance
of clinical variables in MAS, we used chi-square test and Fisher
exact test for the proportions and Kruskal-Wallis test and Mann-
Whitney U test for the continuous variables. The relationship
between histologic findings and MAS was verified by chi-square
test and Fisher exact test. For evaluation of the correlation between
the grades of histopathologic findings and the severity of MAS,
linear-by-linear-association was used. The p-values less than .05
were considered to be statistically significant.

RESULTS

Clinical characteristics of meconium-stained neonates and
the rate of MAS

The number of singleton term neonates with meconium staining
at birth was 835 (5.13%) among all live neonates (n = 16,264)
born in our institution from January 2006 to June 2014. MAS
developed in 80 out of 835 (9.58%) term neonates with meconium
staining. Placentas were available in 160 meconium-stained neo-
nates; 41 of 80 cases (51%) with MAS; and 119 of 755 cases
(15.7%) without MAS. Thirty-three neonates had mild MAS,
four had moderate MAS, and four had severe MAS. The clinical
factors indicating neonatal morbidity including Apgar score (1
minute) <4, Apgar score (5 minutes) < 7, severe meconium
staining, neonatal intensive care unit admission of long duration,
low cord pH, cord base excess, and fetal tachycardia were detected
more frequently in MAS group than in no MAS group. The clinical
findings of 160 meconium-stained neonates are summarized in
Table 3.

Comparison of the histopathologic findings between MAS
and non-MAS

Among the findings associated with amniotic fluid infection,
acute funisitis was more frequent in MAS than in non-MAS
placentas (65.9% [27/41] vs 39.5% [47/119], p <.01). There
was no significant difference in the frequency of acute chorioam-
nionitis between MAS and non-MAS placentas (58.5% [24/41]
vs 47.9% [57/119], p>.03). The findings associated with maternal
underperfusion were detected more frequently in MAS placentas
than in non-MAS placentas (31.7% [13/41] vs 15.1% [18/119],
p<.05), but the frequency of the findings associated with fetal
vascular thrombo-occlusive disease was not significantly different
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Fig. 1. Representative histological findings of the placenta. (A) Acute chorioamnionitis. (B) Funisitis. (C) Increased syncytial knots. (D) Chronic
villitis. (E) Chronic decidluitis. (F) Chorionic vascular muscle necrosis.

http://jpatholtm.org/ https://doi.org/10.4132/jptm.2017.07.20



Table 1. Histologic findings of placentas evaluated in this study
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Table 2. Histologic findings graded according to the severity

Histologic finding
Findings consistent with amniotic fluid infection
Acute chorioamnionitis
Funisitis
Findings consistent with maternal underperfusion
Remote villous infarct
Recent villous infarct
Increased syncytial knots
Villous agglutination
Increased intervillous fibrin
Distal villous hypoplasia
Persistent muscularization of basal plate arteries
Mural hypertrophy of decidual arterioles
Acute atherosis of basal plate arteries and/or decidual arterioles
Findings consistent with fetal vascular thrombo-occlusive disease
Villous changes (villous stromal-vascular karyorrhexis, hyalinized avascular
villi)
Thrombi, large fetal vessels
Intimal fibrin cushions, large fetal vessels
Fibromuscular sclerosis, intermediate-sized fetal vessels
Chronic inflammation
Chronic villitis (VUE) with obliterative fetal vasculopathy
Chronic chorioamnionitis
Chronic deciduitis
Findings associated with meconium staining
Amnion degeneration
Meconium-laden macrophages
Chorionic vascular muscle necrosis

Histologic finding

0: None

1: Acute subchorionitis or chorionitis

2: Acute chorioamnionitis

3: Necrotizing chorioamnionitis or
subacute chorioamnionitis

0: None

1: Umbilical phlebitis or chorionic
vasculitis

2: Umbilical arteritis

3: Concentric umbilical perivasculitis

Meconium-laden macrophages®  0: None

1: The mean number of 10 fields
(x200): <5

2: The mean number of 10 fields
(x200): 5-20

3: The mean number of 10 fields
(x200): >20

0: None

1: Necrosis of chorionic vessels

2: Necrosis of umbilical cord vessels

3: Necrosis of chorionic vessels and
umbilical cord vessels

0: None

1: One histologic finding of maternal
underperfusion

2: Two or three histologic findings of
maternal underperfusion

3: Four or more histologic findings of
maternal underperfusion

Acute chorioamnionitis

Funisitis

Chorionic vascular myonecrosis

Maternal underperfusion

VUE, villitis of unknown etiology.

between MAS and non-MAS placentas (0% [0/41] vs 7.6%
[9/119], p >.05). Neither chronic villitis nor chronic choriocam-
nionitis was not increased in MAS placentas compared to non-
MAS placentas (12.2% [5/41] vs 5.9% [7/119], 12.2% [5/41]
vs 7.6% [9/119], p>.05), whereas chronic deciduitis showed a
higher frequency in MAS than in non-MAS cases (7.3% [3/41]
vs 0% [0/119], p <.05). The frequencies of meconium-laden
macrophages, amnion degeneration, and chorionic vascular mus-
cle necrosis were not related to MAS (95.1% [39/41] vs 96.6%
[114/118], 91.3% [21/23] vs 97.3% [72/74], and 10.3% [4/39]
vs 10.4% [11/106], respectively, p>.05) (Fig. 2).

Correlation between the severity of MAS and the grade of
the placental histological findings

We analyzed the correlation between the severity of MAS and
the grade of pathological findings and found out that the grade
of funisitis and that of chorionic vascular muscle necrosis were
higher as the severity of MAS increased (p<.001 and p <.05,
respectively). Other parameters including acute choricamnionitis,
maternal underperfusion, and meconium-laden macrophages did
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#Meconium-laden macrophages were counted in membranes, chorionic
plate, and umbilical cord respectively, of which the maximum score among
these areas was chosen to evaluate the correlation with meconium aspira-
tion syndrome.

not show any significant correlation with the severity of MAS
(Fig. 3).

DISCUSSION

This study demonstrated that acute funisitis, histological findings
associated with maternal underperfusion, and chronic deciduitis
were frequently found in MAS. The grade of funisitis and chorionic
vascular muscle necrosis was correlated with the severity of MAS.

Funisitis, which is characterized by the migration of polymor-
phonuclear leukocytes from the lumen to the wall of the umbilical
vessels, was the most significant histological factor associated
with MAS." Funisitis is most commonly associated with intraam-
niotic infection as is acute chorioamnionitis. Acute chorioamni-
onitis represents a maternal inflammatory response to intraamniotic
infection, whereas funisitis is an evidence of a fetal inflammatory
response and reflects a systemic fetal inflammatory response syn-
drome.”*® Meconium may induce local inflammation following
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tissue degeneration in the fetal membranes (chorioamnionitis)
and umbilical cord (funitis) by its leukotactic activity, but it is
less severe than that by intraamniotic infection is."” Intraamniotic
inflammation occurs more frequently in meconium-stained amniotic
fluid than in clear amniotic fluid.*** The significant association
of funisitis with MAS but not acute choricamnionitis, in spite of

Table 3. Clinical characteristics in non-MAS and MAS groups

the presence of both acute choricamnionitis and funisitis in intraam-
niotic infection/inflammation, suggests that a fetal inflammatory
response is crucial to MAS but not a general intraamniotic inflam-
matory response. It has been proposed that the combination of a
local inflammatory response in the lung by meconium and capillary
damage/leakage as a manifestation of systemic fetal inflammatory

MAS (n=41)
Clinical factor Non-MAS Mi § i § b
(n=119) ild p Moderate p Severe p valued
(n=33) value? (h=4) value® (n=4) value®
Maternal factor
Age (yr)° 32 32 >.06 34 >.05 34 >.056 >.06
(25 to 44) (24 t0 37) (2810 36) (26 to 36)
Gestational age at delivery (wk)® 40.2 40.3 >.05 40.7 >.05 39.1 >.05 >.05
(37.2t041.5) (37.3t041.6) (39.5t0 41.4) (38.2t0 40.1)
Primiparity (%) 88 94 >.05 75 >.05 75 >.05 >.05
Mode of delivery
Elective C/S (%) 1.7 0 >.05 0 >.05 0 >.05 >.05
Emergency C/S (%) 54.6 42 75 100
Vaginal (%) 43.7 58 25 0
Neonatal factor
Sex (male) (%) 53 60 >.05 75 >.05 50 >.05 >.05
Weight (kg)® 3.24 3.04 >.05 3.09 >.05 3.36 >.05 >.05
(1.98t04.57) (1.98t0 4.06) (2.91t0 3.56) (2.6t04.4)
Growth restriction <10p (%) 22 33 >.05 0 >.05 25 >.05 >.05
Apgar score (1 min) <4 (%) 3.3 45 <.001 25 >.05 50 <.05 <.001
Apgar score (5 min) <7 (%) 0.8 24 <.001 25 >.05 50 <.01 <.001
Grade of meconium staining (%)
1 39.7 30.2 >.05 0 >.05 25 <.05 <.01
2 21.6 36.4 50 0
3 27.0 156.2 0 0
4 1.7 18.2 50 75
NICU admission (%) 6 90 <.001 100 <.001 100 <.001  <.001
Duration of admission (day)® 0 5 <.001 3.5 <.001 11 <.001  <.001
(0to 6) (0to13) 0to7) (810 22)
Cord pH at birth® 7.27 712 <.001 7.24 >.05 7.24 >.056 <.001
(6.99t0 7.53) (6.851t07.29) (7.08107.32) (7.02t0 7.41)
<7.0 (%) 2.3 26.3 <.001 0 >.05 0 >.05 <.01
<7.1 (%) 6.8 36.8 <.001 33.3 >.05 25.0 >.05 <.001
<7.2 (%) 25.0 63.2 <.001 33.3 >.05 50.0 >.05 <.01
Cord blood base excess at birth® -4.45 -10.75 <.001 -2.20 >.05 —-6.45 >.05 <.001
(-19.5t015) (-3t0-19.9) (+121t0-1.7) (-15t0-1)
Intrapartum factor
Fever >38°C (%) 85 57 >.05 66 >.05 50 >.05 >.05
Rupture of membranes to delivery (min)® 316 339.5 >.05 368 >.05 1756.5 >.05 >.05
(0to 1,400) (0t01,178) (0to 472) (0to 876)
Use of oxytocin (%) 72.5 75 >.05 66 >.05 50 >.05 >.05
Use of epidural anesthesia (%) 81.4 93 >.05 66 >.05 50 >.05 >.05
Oligohydramnios (%) 9 9 >.05 33 >.05 0 >.05 >.05
Fetal tachycardia (%) 29 60 <.05 33 >.05 50 >.05 <.05
Fetal bradycardia (%) 1 0 >.05 0 >.05 25 >.05 >.05
Minimal fetal heart rate variability (%) 46 70 >.05 33 >.05 75 >.05 >.05

MAS, meconium aspiration syndrome; C/S, cesarean section; NICU, neonatal intensive care unit.
aNon-MAS vs mild MAS; °Non-MAS vs moderate MAS; ®“Non-MAS vs severe MAS; “Non-MAS vs mild MAS vs moderate MAS vs severe MAS; ®Median

(range).
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response explains the pathogenesis of MAS." Upregulation of fetal circulation. Activation of endothelium may affect not only
adhesion molecules in the umbilical cord was observed in the the umbilical cord but also other fetal organs.” Funisitis is associ-
presence of funisitis, which was thought to result in increased ated with adverse neonatal outcome including an Apgar score <7
concentrations of cytokines and soluble adhesion molecules in the at 1 minute, small for gestational age and the rate of admission to
Acute chorioamnionitis Funisitis Amniotic fluid infection
100+ 100 p<.01 100
— 80 — 80 — 801 756
S S 65.9 S
5604 g %85 > 60 >60{ 546
o . c c
& S 39.5 5
o 404 o 40 o 40
Y L QL
* 201 " 20 20
0 ) 0 0 \
MAS () MAS () @) MAS () Mt @ MAS () MAS() @
Maternal underperfusion Fetal thrombo-occlusive disease Chronic inflammation
100+ p<.05 100+ 100+
— 80 1 — 80 — 80
3 60 - 3 60 - 3 60
c c c
S 401 S 40 S 401
g 31.7 g g 044
* 20 - 151 * 20 - %20 13.4
: 0
0 0 0
MAS () MAS (+) Q MAS () MAS (+) G MAS () MAS (+) G
Chronic villitis (VUE) Chronic chorioamnionitis Chronic deciduitis
100+ 100- 100+ p<.05
. 80 — 80 — 80 1
S g 3
> 60- 3 60 - 3 60 |
C o C
[} (5] [
2 40- 2 40- 2 40
8 o 8
[ i = | L i
20 59 12.2 20 76 122 20 73
0 T \ 0 \ 0 0 T \
MAS () MAS(H @ MAS () MAS () @ MAS () MAS () @
Meconium-laden macrophages Amnion degeneration Chorionic vascular muscle necrosis
1001 9.6 95.1 1004 973 913 100
— 80 — 80 — 80
=S &S S
3 60 3 60 3 60
c c c
g S g
3 40 2 40- 2 40
Y o QL
* 20 204 * 20 104 103
T 1 0 1 0 T 1
MAS (-) MAS (+) o MAS (-) MAS (+) G MAS (-) MAS (+) o

Fig. 2. Comparison of the frequencies of histological findings in the placentas between meconium aspiration syndrome (MAS) and non-MAS
placentas. (A) Acute chorioamnionitis. (B) Funisitis. (C) Amniotic fluid infection. (D) Maternal underperfusion. (E) Fetal thrombo-occlusive dis-
ease. (F) Chronic inflammation. (G) Chronic villitis. (H) Chronic chorioamnionitis. (I) Chronic deciduitis. (J) Meconium-laden macrophages. (K)
Amnion degeneration. (L) Chorionic vascular necrosis. VUE, villitis of unknown etiology.
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the neonatal intensive care unit. It is also related to various clinical
diseases such as chronic lung disease, intracranial hemorrhage,
cerebral palsy, and negative long-term neurologic outcome.”*”*
The significant relationship of funisitis with MAS was supported
by previous studies, but our study is the first to demonstrate
the correlation of the severity between funisitis and MAS."

The histological findings associated with maternal underperfusion
were identified more frequently in MAS than in non-MAS pla-
centas. Maternal blood from the spiral arteries of the basal plate
flows into the intervillous spaces, and the exchange of oxygen
and nutrients occurs with fetal blood in the villi. With maternal

100
] . I 6<.001
g 80
o)
= 604 B Funisitis grade 2
=> [ Funisitis grade 1
2 40 | [ Funisitis grade 0
20 - L
0 T T 1
No Mild  Moderate Severe
MAS severity Q
g 80
>
o .
e 60 | Bl CVMN 3
s 10 B CVMN 2
C J CVMN 1
20 - 1 CVMNO
0 T T
No Mild Moderate  Severe
MAS severity 9
1007 - R p> .05
g 80
& | — I MU grade 3
2 60
(9] I MU grade 2
8’ 40 - [ MU grade 1
w [ MU grade 0
20
0 T T 1
No Mid ~ Moderate Severe
MAS severity G

Fig. 3. Correlation of the severity of the histological findings in the
placentas with the severity of meconium aspiration syndrome
(MAS). (A) Funisitis vs MAS. (B) Chorionic vascular muscle necrosis
(CYMN) vs MAS. (C) Maternal underperfusion (MU) vs MAS.
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underperfusion, villi are less perfused, resulting in hypoxic damage
and hence increased syncytial knots and villous agglutination, >
Circulatory stasis due to underperfusion also induces intervillous
fibrin."”***" Long-standing severe hypoxia may result in distal
villous hypoplasia, manifested as decreased number, size, and
branching.”**? Tnadequate vascular remodeling and/or structural
abnormality of maternal arteries, including mural hypertrophy
of arterioles and persistent muscularization of arteries in the basal
plate is a known cause of maternal underperfusion such as pre-
eclampsia.”**** Villous ischemic changes were previously mentioned
asa placental finding of MAS, but they were not studied thoroughly.”
Maternal underperfusion is a major risk factor of fetal growth
restriction, preterm rupture of membrane, and preterm labor. >
Especially, it is frequently related to preeclampsia.*** Chronic asphyxia
is one of the possible causes of MAS.” Preeclampsia and maternal
hypertension which bring about maternal underperfusion are known
as risk factors of MAS.® Because maternal underperfusion can
lead to pulmonary hypoplasia and immaturity, this situation is
vulnerable to meconium-induced inflammation. Thus, conditions
that can cause maternal underperfusion might increase the risk
of MAS.

Chronic deciduitis is defined as the presence of lymphocytes
and plasma cells in the basal plate of the placenta.”* Chronic deciduitis
has been associated with preterm labor and is also related to adverse
outcomes such as intrauterine growth restriction and fetal death.”**
The etiology of chronic deciduitis is still not clear; however, chronic
microbial infection and immune response to fetus antigen are
thought to be involved.® The latter is supported by the association
between chronic deciduitis and basal villitis, its presence in the
placenta of pregnancies by egg donation, and the proximity of
the plasma cells to trophoblast cells.” The relationship between
chronic deciduitis and MAS has not been described before. An
immunological predisposing factor to MAS may be suggested;
however, the absence of significant association of MAS with chronic
villitis and chronic choricamnionitis, which are also representative
of immune response to fetal antigens, does not support the hypothesis.
It requires further studies to clarify.

Chorionic vascular muscle necrosis was frequent in MAS, and
the severity was correlated with that of MAS. Chorionic vascular
muscle necrosis can be diagnosed by observing eosinophilic cytoplasmic
degeneration, nuclear pyknosis, discohesion, and rounding of periph-
eral vascular smooth muscle cells in vessels, resulting from apoptosis
in chorionic vessels by prolonged meconium exposure.” It is associ-
ated with placental lesions resulting from hypoxia and poor neonatal
outcome, including intrauterine growth restriction, intrauterine
fetal demise, and fetal distress.”

https://doi.org/10.4132/jptm.2017.07.20



Collectively, our data support that fetal inflammatory response
evidenced by funisitis and chorionic vascular muscle necrosis
occurs prenatally in MAS. It is unlikely that MAS is simply
caused by aspiration of meconium i #er or during the intrapartum
period, which is relatively short, because these placental pathologic
findings require a certain time period to be raised. Thureen e
al.” reported that MAS is a kind of prenatal disease based on
histopathologic pulmonary and placental evidences. Meconium
passage normally occurs within the first 24 to 48 hours after birth,
especially when the babies are 37 weeks or older. But, it is known
to be associated with fetal distress such as hypoxia and infection in
near-term or term babies.” There is also a hypothesis that the fetal
swallowing of amniotic fluids containing various factors which
evoke inflammation can lead to bowel peristalsis and meconium
passage."” There are a variety of hypotheses on how meconium
raises the respiratory distress in neonates. Nitric oxide (NO) has
been known to damage lung epithelial cells responding to meconium.
As such, Muller ¢ 2. found that lipopolysaccharide and meconium-
induced NO production is positively regulated by DMBT1.
Ghidini and Spong’ suggested that alternative mechanisms, such
as chronic asphyxia, infection, and acute asphyxia, cause severe
MAS that can result in meconium passage 72 e and lung damage.
There is a possibility that the above mechanisms are causative of
both meconium passage and severe MAS, rather than that the
meconium passage would be a direct cause of severe MAS.’

The limitations of this study include the followings: first, placen-
tas were not collected consecutively from all births, and the placentas
from neonates with MAS were enrolled for pathological examination
at a higher rate than those without MAS. This selection bias
explains the high frequency of MAS and inconsistent statistics
of clinical characteristics in this study compared with those reported
previously."™*” Second, the relatively small number of moderate
and severe MAS cases included may have limited the statistical
significance of the results. This is partly supported by that some
clinical factors found to be significantly different between mild
MAS and non-MAS did not show statistically significant difference
between moderate/severe MAS and non-MAS. Further studies
with consecutive collection of a larger number of cases could
confirm our results and also may find additional placental findings
as risk factors.

Our results suggest that fetal inflammatory response evidenced
by funisitis occurs prenatally in MAS, and the stage of funisitis
and the severity of chorionic vascular muscle necrosis may be predic-
tive markers of the severity of MAS. If meconium staining is detected
during delivery and MAS is clinically suspected, the placenta
should be fully examined to determine whether these abnormal

https://doi.org/10.4132/jptm.2017.07.20
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findings exist and at what stages they are. If the placenta shows
high-grade funisitis or extensive chorionic vascular muscle necrosis,
the neonate should be treated aggressively from the very beginning
to prevent severe MAS.
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