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Green-stained amniotic fluid, often referred to as meconium-stained amniotic fluid, is present in 5% to 20% of patients in labor and has
been traditionally considered an obstetrical hazard. Discolored amniotic fluid has been attributed to the presence of heme catabolic
products from the passage of fetal colonic content (meconium), intraamniotic bleeding, or both. The frequency of green-stained amniotic
fluid increases as a function of gestational age, reflecting maturation of the gastrointestinal system, and reaches approximately 27% in
postterm gestation.

Before the introduction of routine continuous fetal heart rate monitoring, green-stained amniotic fluid during labor was associated with
fetal acidemia (umbilical artery pH<7.00), neonatal respiratory distress, and seizures, and was considered a risk factor for cerebral palsy.
Hypoxia has been considered the main mechanism responsible for fetal defecation and meconium-stained amniotic fluid; however, most
fetuses with meconium-stained amniotic fluid do not have fetal acidemia. Nonetheless, in the absence of fetal heart rate abnormalities,
meconium-stained amniotic fluid is not associated with fetal acidemia. Intraamniotic infection/inflammation has emerged as an important
factor in meconium-stained amniotic fluid in term and preterm gestations, and green-stained amniotic fluid is a risk factor for maternal and
neonatal infections. Whether intraamniotic infection/inflammation results in discoloration of amniotic fluid via oxidative stress or the
passage of meconium has not been determined. Two randomized clinical trials suggest that, in patients with meconium-stained amniotic
fluid, intrapartum administration of antibiotics decreases the rate of clinical chorioamnionitis. Meconium aspiration syndrome is a severe
complication typical of term newborns, which develops in 5% of cases presenting with meconium-stained amniotic fluid. Meconium
aspiration syndrome is attributed to the mechanical and chemical effects of aspirated meconium coupled with local and systemic fetal
inflammation. A systematic review of randomized controlled trials suggested that amnioinfusion may decrease the rate of meconium
aspiration syndrome. Routine naso/oropharyngeal suctioning and tracheal intubation in cases of meconium-stained amniotic fluid have not
been shown to be beneficial and are no longer recommended in obstetrical practice. Histologic staining of the membranes with meconium
has been used in the context of medical legal litigation to attempt to time the occurrence of fetal injury. This has been largely based on the
results of in vitro experiments. However, extrapolation of these findings to the clinical setting is unwarranted. Experimental studies in
animals and observational studies in human fetuses suggest that fetal defecation is a physiological phenomenon throughout pregnancy.

Key words: discolored amniotic fluid, fetal colonic content, green-stained amniotic fluid, intraamniotic infection, intraamniotic
inflammation
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TABLE 1
Meconium composition

� Water (70%e80%)
� Intestinal epithelial cells
� Squamous cells
� Vernix caseosa
� Fetal hair
� Amniotic fluid
� Bile pigments (eg, bilirubin, zinc-coproporphyrin)
� Bile acids (eg, chenodeoxycholic and cholic acids)
� Pancreatic enzymes
� Free fatty acids

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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Introduction
Green-stained amniotic fluid, often
referred to as meconium-stained
amniotic fluid (MSAF), has been
considered an obstetrical hazard for cen-
turies. It has become increasingly clear
that not all green-stained amniotic fluid is
attributable to meconium and that not all
meconium is green. This article will re-
view the composition of meconium, the
clinical significance of MSAF and its im-
plications for obstetrical management,
and the pathophysiology of meconium
aspiration syndrome (MAS), and will
FIGURE 1
Meconium-stained neonate at 39D4 weeks of gestation

A, Yellow-greenish discoloration of fetal skin at different body sites. The evidence of peripheral cyanosis is shown in B, lips, C, ears, and D, fingertips. C,
Meconium is also present in the ear canal.

Photo courtesy of Dr Sunil Jaiman.

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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TABLE 2
Risk factors for meconium-stained amniotic fluid

� Postterm pregnancy
� Prolonged labor
� Clinical chorioamnionitis
� Fetal growth restriction
� Preeclampsia
� Oligohydramnios
� Vaginal breech delivery
� Maternal drugs (eg, cocaine, castor oil, bowel purgatives)
� Herbal substances (eg, “isihlambezo”)
� Intrahepatic cholestasis of pregnancy

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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close with some thoughts about the
physiology of fetal defecation.

What is meconium?
The word “meconium” is derived from
the Greek word mekoni, which means
“poppy juice” or “opium-like,” referring
to the belief that fetal exposure to
meconium would lead to neonatal
sleepiness or depression,1e3 a concept
generally attributed to Aristotle.1,2,4

Meconium is the fetal colonic content,
which is mainly composed of water
(72%e80%),2 exfoliated skin cells,
lanugo, vernix caseosa, and gastrointes-
tinal secretions5e16 (Table 1). The
typical greenish-yellow color of
FIGURE 2
Frequency of MSAF as a function of g

Modified from Balchin et al.50

MSAF, meconium-stained amniotic fluid.

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol
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meconium is attributed to bile
pigments.7e11,17,18 Bilirubin, a product
of heme catabolism, is the main pigment
in meconium, detectable in the fetal
liver and gallbladder from 14 weeks of
gestation.19 Whereas the intestinal con-
tent of children and adults is rich in
bacteria, meconium during fetal life is
sterile,20 as shown by metagenomic
studies21 that controlled for contamina-
tion of reagents and by studies in
nonhuman primates and mice.22,23

Meconium as an obstetrical hazard
Völtern reported in 1687 that MSAF was
associated with fetal death,24 an observa-
tion subsequently confirmed by multiple
estational age

2022.
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authors25e28(Figure 1). Indeed, MSAF is
considered a risk factor for neonatal
hypoxic-ischemic encephalopathy,3,29e31

neonatal sepsis,3,32,33 neonatal seizures,34

MAS,35e39 and cerebral palsy.40e43

Several clinical conditions (eg, pro-
longed labor, fetal growth restriction,
oligohydramnios, vaginal breech delivery,
etc.) have been related to the passage of
meconium into the amniotic fluid,44e51

and the risk factors for MSAF are re-
ported in Table 2.

Factors associated with meconium-
stained amniotic fluid
Gestational age
The rate of MSAF increases as a function
of gestational age and can reach 27% at 42
weeks of gestation44,45,50,52e60 (Figure 2).
A subset of postterm neonates is affected
by the postmaturity syndrome, defined as
fetal growth restriction in a postterm
gestation.61 The presence of MSAF is a
criterion of stage II postmaturity syn-
drome proposed by Clifford61 (Figure 3).

The higher rate of meconium passage
reported in term gestations is thought to
reflect maturation of the gastrointestinal
system. Observational studies in guinea
pigs62 and monkeys63 have shown that
intestinal peristalsis increases with
advancing gestational age. Similar evi-
dence in human fetuses was reported in
studies documenting fetal gastrointes-
tinal motility with amniography.64

The following endocrine factors have
been implicated in the increased fre-
quency of meconium passage at term:

1. Motilin, a gut hormone produced by
enteroendocrine cells in the duo-
denum,65 capable of inducing intes-
tinal peristalsis.66 The concentrations
of motilin are significantly higher in
umbilical cord blood from term ne-
onates compared with preterm neo-
nates67 and from those with MSAF at
term.68,69

2. Cortisol, which increases in fetal
plasma at the time of parturition,70,71

can also induce intestinal motility, as
demonstrated in an observational
study of pregnant monkeys where
intraamniotic injection of glucocor-
ticoids resulted in meconium
passage.72
American Journal of Obstetrics & Gynecology 3
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FIGURE 3
Meconium in postmaturity syndrome with fetal death at 40 weeks of gestation

AeE, The neonate shows the classical features of postmaturity syndrome characterized by loss of vernix caseosa, loss of subcutaneous fat and presence

of macerated, wrinkled skin. Meconium passage is documented by the F, greenish-yellow discoloration of the anus, A, the discoloration of the skin, and

G, the green-yellow staining of placental membranes.

Photo courtesy of Dr Sunil Jaiman.
Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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3. Corticotropin-releasing factor, a
hormone that increases with gesta-
tional age,73e76 can also accelerate
fetal gut motility.77e82

Fetal hypoxia
MSAF has been associated with fetal
acidemia34,83,84 and chronic hypoxia
(estimated by erythropoietin concentra-
tions in umbilical cord blood).85e87 The
largest study to examine the relationship
between MSAF and fetal acidemia
included 42,709 term pregnancies, of
which 8136 had MSAF. Meconium was
associated with a significantly higher rate
of umbilical artery pH �7.00 (7% [56/
8136] vs 3% [95/34,573]; P<.001; odds
ratio [OR], 2.5; 95% confidence interval
[CI], 1.8e3.4)34 (Table 3). However,
most neonates born to mothers with
MSAF do not have evidence of metabolic
acidemia at birth.56,85,88e93 Indeed, in a
recent retrospective study including 3590
deliveries, MSAF was not associated with
4 American Journal of Obstetrics & Gynecology M
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umbilical artery acidemia, and 80% of
neonates with MSAF had a pH �7.20.54

These conflicting results between the 2
largest studies may be explained by dif-
ferences in the use of intrapartum fetal
heart rate monitoring. In the first
study,34 surveillance was performed with
intermittent auscultation, whereas in the
second study,54 continuous electronic
fetal heart rate monitoring was used. It is
possible that improved surveillance al-
lows earlier detection of a compromised
fetus, and thus the association between
MSAF and umbilical artery acidemia was
not observed.
It is widely accepted that fetal hypoxia

leads to meconium passage.34,83,84,94

However, experimental studies have
challenged this view. For example, con-
stricting the maternal aorta in pregnant
rabbits to induce maternal acidemia and
fetal distress is not associated with
meconium passage,95 and neither is
acute inhalational hypoxia of pregnant
ONTH 2023
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sheep sufficient to drop the fetal partial
pressure of oxygen.96,97 Similarly,
repeated cord occlusion leading to fetal
acidemia is not associated with meco-
nium passage in fetal sheep. However, a
role for the autonomic nervous system in
the regulation of pathologic fetal defe-
cation has been proposed. Indeed, sym-
pathetic system blockade, achieved
chemically with 6-hydroxydopamine, in
the same experimental paradigm of cord
occlusion does lead to meconium pas-
sage.98 It is also noteworthy that normal
fetal defecation in animal studies is
observed in the absence of fetal hypox-
emia or acidemia.99

Intraamniotic infection/inflammation
MSAF is associated with microbial in-
vasion of the amniotic cavity in term and
preterm gestations.57,58,100,101 In pa-
tients with preterm labor and intact
membranes, those with green-colored
amniotic fluid have a higher rate of
ge Network from ClinicalKey.com.au by 
23. Elsevier Inc. All rights reserved.
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TABLE 3
Outcomes in neonates born with meconium-stained amniotic fluid compared with neonates born with clear
amniotic fluid

Outcome MSAF Clear AF P value Odds ratio 95% CI

Total infants 8136a 34,573a

Apgar score �3

1-min 123 (15) 201 (6) <.001a 2.6 2.1e3.2

5-min 14 (2) 19 (1) .003a 3.1 1.6e6.0

Umbilical artery pH �7.00 56 (7) 95 (3) <.001a 2.5 1.8e3.4

Apgar score �3 at 5 min and pH �7.00 9 (1) 5 (0.1) <.001a 7.6 3.0e19.3

Special care nursery admission 193 (24) 248 (7) <.001a 3.3 2.8e3.9

Respiratory distressa 223 (27) 288 (8) <.001a 3.3 2.8e3.9

IVH grade III or IV 1 (0.1) 2 (0.1) 0.5 2.1 0.2e22.2

Seizures in the first 24 h 17 (2) 13 (0.4) <.001a 5.6 2.9e10.5

Cesarean delivery

Total 1170 (14) 2420 (7) <0.001a 2.1 1.9e2.2

Dystocia 609 (7) 1328 (4) <0.001a 1.9 1.8e2.1

Fetal distress 472 (6) 628 (2) <0.001a 3.2 2.9e3.6

Modified from Nathan et al.34

AF, amniotic fluid; CI, confidence interval; IVH, intraventricular hemorrhage; MSAF, meconium-stained amniotic fluid.

a Halo or ventilator therapy.

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.

FIGURE 4
Meconium-stained amniotic fluid

AeB, Green meconium. CeD, “Thin,” yellow meconium. The traditional concept is that meconium is

green when first passed and can become yellow over time.

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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positive amniotic fluid cultures for bac-
teria compared to those with clear am-
niotic fluid (33% [10/30] vs 11% [75/
677]; P¼.001).58 Mazor et al102

confirmed the association between
MSAF and the presence of bacteria in the
amniotic fluid in patients with preterm
labor and intact membranes (38 [17/45]
vs 11% [15/135]; P<.001) and also with
clinical chorioamnionitis (22 [10/45] vs
6% [8/135]; P¼.003).102 The same as-
sociation between meconium and
intraamniotic infection has been re-
ported at term. In patients with clinical
chorioamnionitis, those with MSAF
have a higher rate of microbial invasion
of the amniotic cavity and bacterial
endotoxin compared to those with clear
amniotic fluid (19.6% [13/66] vs 4.7%
[2/42]; P<.05; and 46.9% [31/66] vs
4.7% [2/42]; P<.001; respectively).100 In
addition, the concentrations of inter-
leukin (IL)-6 are higher in MSAF,
providing evidence of an intraamniotic
inflammatory response.100

The green discoloration of amniotic
fluid in the context of intraamniotic
American Journal of Obstetrics & Gynecology 5
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TABLE 4
Adverse neonatal and maternal outcomes associated with thick
meconium-stained amniotic fluid

Neonatal outcomes Maternal outcomes

Abnormal fetal heart rate tracing Cesarean delivery

Meconium aspiration syndrome Puerperal endometritis

Neonatal intensive care unit admission Clinical chorioamnionitis

Need for neonatal ventilation Intrapartum fever

Hypoxic-ischemic encephalopathy of the neonate Intraamniotic infection

Small for gestational age

Low Apgar score

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.

FIGURE 5
Spectrophotometric analysis of
amniotic fluid

The absorption spectra of amniotic fluid (after

centrifugation) with different concentrations of

meconium are shown. The band height is line-

arly correlated with meconium concentration.

Modified from Molcho et al.131

OD, optical density.

Gallo. Meconium-stained amniotic fluid. Am J Obstet
Gynecol 2022.
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infection/inflammation has been attrib-
uted either to oxidative stress in the
amniotic cavity or to the passage of
meconium. Bacteria can elicit intra-
amniotic inflammation, which in turn
leads to the generation of reactive oxygen
species103,104 capable of inducing oxida-
tion of heme catabolic products such as
bilirubin.105,106 We have previously pro-
posed that bacteria and amniotic fluid
with inflammatory products, when
ingested by the fetus,may stimulate bowel
peristalsis.58,100 An alternative explana-
tion for the association between intra-
amniotic infection/inflammation and
MSAF is that meconium enhances bacte-
rial proliferation by serving as a growth
factor57,58,102 and by inhibiting the bacte-
riostatic properties of amniotic fluid or
antagonizing host defense systems,107e109

thus increasing the risk of infection.
Prolonged gestation, fetal hypoxia,

and intraamniotic infection/inflamma-
tion could explain only a subset of pa-
tients withMSAF. However, the cause for
the remaining cases has yet to be eluci-
dated. Omics analysis of amniotic fluid
stained with meconium would provide
an insight into the pathophysiology of
MSAF and could allow the identification
of biomarkers that can serve in the
stratification of patients according to
MSAF etiology.

Assessment of meconium-stained
amniotic fluid
Typically, MSAF is diagnosed after
rupture of membranes or by amnio-
centesis. Occasionally, sonographic
6 American Journal of Obstetrics & Gynecology M
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particulate matter in amniotic fluid
raises the suspicion for MSAF. The
ultrasound criteria originally proposed
for the identification of MSAF include
(1) a diffuse echogenic pattern
throughout the amniotic cavity; (2) a
clear contrast between the amniotic
fluid and the umbilical vessels; and (3)
layering in the more dependent
areas.110 However, this appearance is
not specific to meconium and can be
seen in the presence of vernix or even
blood.111e115 In a study of 278 patients
who were scanned 24 hours before
delivery, the prevalence of echogenic
amniotic fluid was 3.2%, and of these
patients, 44% (4/9) had MSAF, with a
sensitivity of 14% and a positive pre-
dictive value of 44%.116 Therefore, ul-
trasound has limited diagnostic value
for identifying this condition.
Green-colored amniotic fluid has

been detected at amniocentesis for ge-
netic indications in the midtrimester or
in the third trimester. In the past, serial
transabdominal amniocenteses were
used as a method of surveillance in
women with prolonged gestations to
detect postmaturity syndrome117 or in
patients with intrahepatic cholestasis of
pregnancy to assess the risk of fetal
death.118 However, serial amniocenteses
for these indications have been aban-
doned because of the lack of evidence
that detection of meconium and induc-
tion of labor improve pregnancy
outcomes.119

Meconium in amniotic fluid has been
classified according to its thickness into
ONTH 2023
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grades 1 to 3 (grade 1: lightly stained
amniotic fluid, green or yellow; grade 2:
green- or yellow-stained amniotic fluid
with some particulate matter; and grade
3: dense meconium with “pea-soup”
consistency).120 However, the most
commonly used classification in obstet-
rical practice divides MSAF into “thick”
and “thin” (Figure 4). Thick meconium
is associated with higher rates of
abnormal fetal heart tracings,54,83,121,122

MAS,121,123e127 neonatal intensive care
unit (NICU) admission,84,127e129 need
for neonatal ventilation,123 hypoxic-
ischemic encephalopathy of the
neonate,123,130 small for gestational
age,123 and low Apgar
scores.32,83,124,125,128,129 Similarly, higher
rates of cesarean delivery,6,66,79,131e133

puerperal endometritis,134 clinical
ge Network from ClinicalKey.com.au by 
23. Elsevier Inc. All rights reserved.
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FIGURE 6
The catabolism of heme

Heme is first transformed into biliverdin and then to bilirubin in the reticuloendothelial system. The first reaction consists of the conversion of c to

biliverdin, and it is catalyzed by the heme oxygenase system. Subsequently, biliverdin reductase reduces biliverdin to bilirubin.

Modified from Rodwell et al.149

COOH, carboxyl group; NADPþ, nicotinamide adenine dinucleotide phosphate; NADPH, nicotinamide adenine dinucleotide phosphate hydrogen.

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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chorioamnionitis,84,134 intrapartum fe-
ver,54 and intraamniotic infection135

have been reported in women with
thick MSAF (Table 4). Obstetrical con-
ditions, such as oligohydramnios asso-
ciated with postterm pregnancies136,137

or uteroplacental
insufficiency,122,138e141 altered fetal
swallowing,142 increased amount of
meconium passage, and impaired reab-
sorption of meconium by amniotic
membrane macrophages,143,144 have
been implicated in the genesis of thick
MSAF.

A quantitative approach to assess
meconium load in the amniotic fluid is
the “meconium-crit.”145 This test is
based on the same principle as that used
to calculate the hematocrit with a capil-
lary tube, and results correlate well with
meconium concentrations145 but may
not reflect neonatal outcomes. Other
methods such as spectrophotometry131

and nuclear magnetic resonance spec-
troscopy have also been proposed as
tools to estimate meconium concentra-
tion in amniotic fluid. The band height
in the spectrophotometric tracing cor-
relates with meconium concentra-
tions131 (Figure 5). Nuclear magnetic
resonance spectroscopy can also be used
to quantitate meconium in amniotic
fluid on the basis of T1 and T2 relaxation
times that decrease with increasing
concentrations of meconium.146,147

Neither spectrophotometry, nuclear
magnetic resonance spectroscopy, nor
Downloaded for Danny Tucker (danny.tucke
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meconium-crit have been implemented
in clinical practice.

Green-stained amniotic fluid is not
always indicative of meconium
The traditional view that all green-
stained amniotic fluid is due to meco-
nium has been challenged. Meconium
has been described as green, and this
color is attributed to biliverdin,148 an
intermediate product of heme catabo-
lism that can be subsequently reduced to
bilirubin in the reticuloendothelial sys-
tem through a reversible reaction
(Figure 6). Indeed, the oxidation of
bilirubin leads to biliverdin.106,150,151

Bilirubin, a yellow pigment, is consis-
tently detected in meconium,17,19

whereas there is paucity of evidence
that this is the case for biliverdin.17

Green- and brown-discolored amni-
otic fluid at the time of midtrimester
amniocentesis has been reported in
1.2% to 8% of cases152e161 and is asso-
ciated with pregnancy loss in 9% of
cases.160 Brown amniotic fluid was
considered an indicator of intraamniotic
hemorrhage, whereas green fluid was
attributed to the presence of meconium.
Spectrophotometric analysis of mid-
trimester discolored amniotic fluid per-
formed by Hankins et al159 reported that
green and brown discolorations were
attributable to previous episodes of
intraamniotic bleeding, as reflected by
the presence of free hemoglobin. Clear
amniotic fluid has a smooth absorption
MONTH 2023
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spectrum (Figure 7), whereas contami-
nation with either blood or meconium
typically adds an absorption peak near
400 nm (also known as “Soret
band”)149,162 attributable to the pres-
ence of hemoglobin in the former and of
meconium pigments (eg, bilirubin) in
the latter.149,158,159,163 However, the ab-
sorption spectrum in intraamniotic
bleeding shows additional peaks
(attributed to oxyhemoglobin, methe-
moglobin, and methemalbumin) that
can be used in the differential diagnosis
with MSAF.158 Amniotic fluid contami-
nated with meconium at term usually
tests negative for hemoglobin and shows
no extra peaks at spectrophotometric
analysis (Figure 7).

Maternal implications of meconium-
stained amniotic fluid
MSAF is associated with intraamniotic
infection,58,100,101 clinical chorioam-
nionitis,47,58,102,134,164e168 puerperal
endometritis,134,169 postcesarean infec-
tion,170 postpartum hemorr-
hage,169,171e173 and dehiscence of peri-
neal lacerations.174,175 The association
between meconium and infection pro-
vides a rationale for exploring the role of
antibiotic administration in MSAF. A
systematic review of 2 randomized clin-
ical trials176e178 in women with MSAF
allocated to intravenous ampicillin/sul-
bactam vs placebo showed that intra-
partum antibiotic administration
reduced the frequency of clinical
American Journal of Obstetrics & Gynecology 7
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FIGURE 7
Spectrophotometric analysis of amniotic fluid at different gestational ages

A, Normal term amniotic fluid spectrum. The typical spectrum shows a smooth declining slope without peaks, suggesting lack of chemical compounds

absorbing light. B, Typical spectrophotometric tracing of discolored second-trimester amniotic fluid with a maximum peak near 405 nm (“Soret band”)

(red arrow) and several secondary absorption peaks at 450 nm, 550 nm, and 620 nm (blue arrows). C, Spectrophotometric tracing of term meconium-

stained amniotic fluid. There is a peak at 405 nm (red arrow) and a smooth declining slope without additional peaks.

Modified from Alger et al.158
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chorioamnionitis (relative risk [RR],
0.36; 95% CI, 0.21e0.62) but not the
frequency of postpartum endometritis
(RR, 0.50; 95% CI, 0.18e1.38), neonatal
sepsis (RR, 1.00; 95% CI, 0.21e4.76), or
NICU admission (RR, 0.83; 95% CI,
0.39e1.78). An alternative approach is
administering antibiotics selectively
to patients at particularly high risk
for infection, determined by a high
concentration of IL-6 or matrix
metalloproteinase-8 (MMP-8) in amni-
otic fluid obtained through a trans-
cervical catheter coupled with point-of-
care testing.179 The value of this
8 American Journal of Obstetrics & Gynecology M
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approach should be the subject of pro-
spective studies.

Neonatal implications of meconium-
stained amniotic fluid: meconium
aspiration syndrome
MSAFoccurs in 5% to 20%of deliveries at
term3,35,84,165,180e182 and is a risk factor for
neonatal complications131,136,137,142,143,145

such as MAS,35e39 neonatal sepsis,3,32,33

pulmonary disease,84,183 neonatal sei-
zures34,184 and long-term neurologic
disability (eg, cerebral palsy).40e42

MAS is defined as respiratory distress
in term neonates born to mothers
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with MSAF that cannot be
otherwise explained (Figure 8). MAS is
a cause of neonatal morbidity and
mortality,1,3,30,35,88,122,185 and the reason
why only 5%35e39 of infants exposed to
meconium develop MAS remains an
enigma (Figure 9). Typically,MAS affects
neonates with an intrauterine event that
causes intrapartum or antepartum fetal
hypoxia129,165,180,186e191 leading to
meconium passage, fetal gasping,192,193

and meconium aspiration before birth.
However, a large fraction of neonates
with MAS do not have acidemia at
birth55,88e93 (Table 5); therefore,
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FIGURE 8
Chest X-ray showing bilateral patchy opacifications

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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alternative mechanisms must be
involved in the pathogenesis of this
syndrome. Meconium itself can cause
local damage in the fetal lungs through
(1) a mechanical effect, which can cause
FIGURE 9
Autopsy of a neonate with evidence of

The arrow points to fetal hair within the trachea.

MAS, meconium aspiration syndrome.

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol
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airway obstruction leading to atelectasis
or air trapping within the bronchioles
and the alveoli101,194,195 (Figure 10); (2)
a chemical effect of meconium content
(eg, free fatty acids, bile salts, pancreatic
meconium in the trachea fromMAS

2022.
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phospholipases) that can result in
surfactant inactivation196,197; and (3)
a local inflammatory response (pneu-
monitis)194,195,198,199 that can lead to
decreased pulmonary function.200,201

Persistent pulmonary hypertension
(PPHN) occurs in 20% to 40% of infants
with MAS. Several mechanisms have
been implicated in the development of
PPHN in MAS.202 Parenchymal lung
disease with poor alveolar recruitment
and decreased functional residual ca-
pacity (FRC) or hyperinflation with
increased FRC contribute to elevations
in pulmonary vascular resistance.203 In
addition, the release of chemically vaso-
active mediators, such as endothelin-1,
thromboxane-A2, and prostaglandins,
has also been shown to contribute to the
development of PPHN in MAS.204

Vascular remodeling changes such as
hyperplasia of the vascular media and
interstitium, narrowing of the vessel
lumen, tortuosity of the arteries, and
muscularization of the alveolar septal
arterioles have been described in
MAS.205,206

In the context of intraamniotic
infection/inflammation, fetal swallowing
of amniotic fluid containing bacte-
ria,207,208 endotoxins,58,100,101,209

alarmins,132,207,210e215 inflammatory
mediators,100,101,133,216,217 and phospholi-
pase A2 can induce fetal inflam-
matory response syndrome (FIRS)
resulting in diffuse lung injury.55,101,218

The combination of pulmonary
inflammation and capillary damage/
leakage occurring during FIRS could
explain the association between MSAF,
intraamniotic inflammation/infection,
and MAS.55 The knowledge that FIRS is a
risk factor for the development ofMAShas
clinical implications. Indeed, umbilical
cord blood concentrations of IL-6 or C-
reactive protein could assist in the identi-
fication of infants who have systemic
inflammation.

Prophylactic intrapartum trans-
cervical amnioinfusion in cases with
MSAF has been proposed to reduce the
rate of MAS and other adverse neonatal
outcomes. Subsequently, this procedure
was abandoned after the publication of a
meta-analysis that reported no evidence
of benefit in terms of reduction of the
American Journal of Obstetrics & Gynecology 9
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TABLE 5
Prevalence of neonatal acidemia in meconium aspiration syndrome

Author, date

Neonatal umbilical artery pH at birth in MAS cases

pH ‡7.20 pH <7.20 pH <7.10 pH <7.00

Lee et al,55 2016 (58.3%) (7/12) 41.7% (5/12) 16.7% (2/12) 8.3% (1/12)

Blackwell et al,88 2001 60.4% (29/48) 39.6% (19/48) na na

Yeomans et al,90 1989 83.3% (5/6) 16.7% (1/6) na na

Trimmer et al,91 1991 50%e100% (1e2/2) 0%e50% (0e1/2) na na

MAS, meconium aspiration syndrome; na, not applicable.

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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rate of MAS (RR, 0.59; 95% CI,
0.28e1.25), 5-minute Apgar score <7
(RR, 0.90; 95% CI, 0.58e1.41), or ce-
sarean delivery (RR, 0.89; 95% CI,
0.73e1.10). Prophylactic amnioinfusion
seems to have a role only in clinical set-
tings with limited peripartum surveil-
lance given that it helps to reduce the risk
of MAS (RR, 0.25; 95% CI,
0.13e0.47).219 However, these results
and interpretation have been a subject of
debate.220,221 Recently, a new meta-
analysis that reassessed the value of
prophylactic amnioinfusion in the pres-
ence of MSAF reported a reduction of
MAS by 67% (pooled OR, 0.33; 95% CI,
0.21e0.51). Amnioinfusion has been
proposed to dilute thick meconium,
thereby diminishing the mechanical and
the proinflammatory effects. This meta-
analysis is reported in detail in this issue
FIGURE 10
Meconium in the fetal bronchiole and

A, Bronchiole. B, Alveoli. The arrows indicate fetal
H&E, hematoxylin and eosin.

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol
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of the American Journal of Obstetrics &
Gynecology.
Because neonatal airway obstruction

by meconium is believed to be causal of
MAS, several approaches have been
proposed to removemeconium from the
fetal and neonatal airways to prevent
aspiration (reviewed in detail by Wis-
well185). Routine endotracheal intuba-
tion was introduced in the 1970s after
Burke-Strickland and Edwards222 and
Gregory223 reported a favorable experi-
ence with this practice. Gregory et al223

found that 56% of newborns delivered
by mothers with MSAF already had
meconium in the trachea at the time of
birth, and that in 10% of the cases,
meconium was present below the vocal
cords, although not visible in the mouth
or pharynx. The authors further noted a
reduction in the frequency of
alveoli

anucleated squamous cells, one of the componen

2022.

MONTH 2023
r@health.qld.gov.au) at Queensland Health Clinical Knowled
l use only. No other uses without permission. Copyright ©20
pneumothorax, mechanical ventilation,
and continuous positive airway pressure
after early endotracheal intubation.223

Other investigators advocated com-
plete removal of meconium from the
oropharynx and nasopharynx before the
delivery of the chest and onset of air
breathing as a method to prevent
meconium aspiration. This procedure
was performed with either a bulb syringe
or a suction catheter. The combined
approach consisted of immediate oro/
nasopharyngeal suctioning at the time of
delivery of the fetal head, followed by
endotracheal intubation and suctioning
after birth. This management was re-
ported to reduce the rate of MAS from
1.9% (18/947) to 0.4% (1/273) with
endotracheal aspiration alone.224 The
combined approach has been used in
labor and delivery units for decades225;
however, subsequent studies questioned
efficacy226e228 and safety.229e233 Indeed,
complications such as laryngeal lesions
leading to stridor and hoarseness,229

bradycardia,230 apnea,230 hypoxemia,
and desaturation231e233 were reported.
Observational studies also showed no
benefit in the reduction of MAS.234e238

Such findings led to the design and
execution of randomized controlled
trials183,229,239e244 and subsequent
meta-analyses,226e228 which demon-
strated that neither routine suctioning of
the oro/nasopharynx after the delivery of
ts of meconium. Stained with H&E.
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FIGURE 11
Chorioamniotic membranes stained with H&E in a case of MSAF

Meconium is visualized within macrophages (blue arrows) in the amnion and chorion stroma (blue

squared parenthesis). Meconium-laden macrophages are recognized by the pink staining of the

cytoplasm after excluding hemosiderin pigment with Prussian blue staining (not shown).

H&E, hematoxylin and eosin.; MSAF, meconium-stained amniotic fluid

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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the head,226 nor intubation with tracheal
suctioning in both vigorous227 and
nonvigorous newborns,228 prevented or
altered the frequency and course of
MAS. Consensus has emerged that in-
fants born tomothers withMSAF should
FIGURE 12
Chorioamniotic membranes stained w

Reactive amnion hyperplasia (red arrows) and cyto

H&E, hematoxylin and eosin; MSAF, meconium-stained amniotic flu

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol
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no longer routinely receive suctioning at
birth, whether or not they are vigorous.
The current recommendation is that
management should be guided by gen-
eral neonatal resuscitation principles
rather than a prespecified approach.245
ith H&E in a case of MSAF

plasmic vacuolation (blue arrows) are observed.

id.
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Placental histopathologic findings in
meconium-stained amniotic fluid
MSAF often results in green-yellow
staining of the chorioamniotic mem-
branes and umbilical cord at gross
placental inspection (Figure 3, G).
Microscopically, meconium-laden mac-
rophages are the hallmark of this con-
dition. These phagocytic cells can be
identified by the presence of brown-
yellowecolored cytoplasmic granules on
hematoxylin and eosin staining143,246

(Figure 11). However, similar granules
can be observed in the placentas of pa-
tients who had intraamniotic
bleeding.246 Histochemistry staining for
hemosiderin247e249 (eg, Perls Prussian
blue, Gomori or Berlin blue) can assist in
the differential diagnosis of bleeding vs
meconium. The rationale is that bili-
rubin in meconium does not contain
iron, whereas hemosiderin (an iron-
storage complex in cells) does. Patholo-
gists rely on this approach to diagnose
meconium staining of the fetal mem-
branes. If iron staining is negative, the
diagnosis of meconium is made. Meco-
nium contains zinc-coproporphyrin
I,10,250 and investigators have recently
developed a monoclonal antibody for
this compound and identified this
molecule in chorioamniotic mem-
branes.250 This would provide direct
evidence of the presence of meconium.

Meconium in the chorioamniotic
membranes has been used in medical
legal litigations to time adverse events
and to formulate arguments about
medical negligence. Desmond et al251

reported that immersion of the lower
extremities of neonates in MSAF would
cause mild yellow staining of toenails in
4 to 6 hours, whereas yellow staining of
the vernix caseosa would take 12 to 14
hours. The time required to stain the
chorioamniotic membranes has been a
subject of debate. For example, Miller
et al252 incubated disks of chorioamni-
otic membranes with meconium and
reported that meconium-laden macro-
phages were present in the amnion after
1 hour of exposure and in the chorion
after 3 hours. A subsequent experiment
in which the exposure to meconium was
restricted to the amnion found that it
took 24 to 48 hours for a substantial
merican Journal of Obstetrics & Gynecology 11
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FIGURE 13
Meconium-induced umbilical cord vessel myonecrosis

A, Gross image of the umbilical cord in a case of fetal death with meconium-stained amniotic fluid at term. Several areas of ulceration are observed. The

Wharton’s jelly is eroded and the vessels are exposed. The dark color represents the muscularis of the vessels. B, Shallower ulcerations of the cord. The

muscularis is not eroded in this part of the cord. C, Hematoxylin and eosin staining of the umbilical cord. The umbilical vein is on the top and the 2 arteries

below. At this magnification, myonecrosis is not evident. D, The wall of the umbilical vein with evidence of myonecrosis. E, Umbilical artery with damaged

myocytes (blue arrows) is observed in the muscular layer closer to the amniotic cavity. Cytoplasmic hypereosinophilia with nuclear pyknosis is evident.

The red line indicates the outer perimeter of the umbilical vessel closer to the amniotic cavity, and the red arrow indicates the umbilical cord artery lumen.

F, Cytoplasmic and nuclear changes are better seen at higher magnification (blue arrows).
Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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number of meconium-laden macro-
phages to be observed.143 This finding
has been interpreted as indicating that
meconium staining of the membranes
reflects fetal defecation that occurred at
least 1 day before delivery of the
placenta. By contrast with these in vitro
experiments, an in vivo observational
study documented the duration of
meconium exposure (by change in the
color of amniotic fluid from clear to
meconium-stained). This study showed
that meconium was present in most
placental tissues within 10 minutes from
exposure and that there was no rela-
tionship between the duration of expo-
sure to meconium and the extent and
intensity of meconium uptake by mac-
rophages in the placental membranes.253
12 American Journal of Obstetrics & Gynecology
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We are not persuaded that examination
of the placenta for meconium staining
can lead to reliable inferences about the
timing of fetal injury.

Placental inflammatory lesions
associated with meconium exposure
A large body of evidence supports an
association between inflammation and
MSAF. Indeed, MSAF contains media-
tors such as IL-6,217 tumor necrosis
factor alpha,133 IL-1b,133 IL-8,133 and
phospholipase A2,101 with inflammatory
and/or chemotactic properties.133,198,254

Meconium can have a direct effect on
the amnion. Indeed, incubation of
amnion with meconium resulted in
reactive amnion hyperplasia and cyto-
plasmic vacuolation after 1 hour of
MONTH 2023
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meconium exposure252 (Figure 12). In-
flammatory lesions of the chorioamni-
otic membranes and umbilical cord are
present in approximately 60% of cases of
MSAF.199,255,256 Given that MSAF is
associated with intraamniotic infection
in approximately 20% of cases, it is
difficult to determine to what extent
these lesions are attributable to MSAF or
rather to intraamniotic infection/
inflammation.164,255e257

Attempts have been made to identify
specific placental lesions associated with
meconium, such as necrosis of the cho-
rionic plate and the muscular layer of the
umbilical cord vessels199,258 (Figure 13).
Moreover,meconium has been proposed
to cause vasoconstriction of the umbili-
cal cord vessels258 and cord vessel
ge Network from ClinicalKey.com.au by 
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FIGURE 14
Evidence of in utero fetal defecation in goats by serial radiographic examinations

A, After intragastric injection via nasogastric tube, the nonhydrosoluble contrast medium persists in the stomach (red arrow) 4 hours after injection. B,

Evidence of contrast media in the small bowel (red arrow) 8 hours from injection. C, Eventually, the contrast material is excreted in the amniotic cavity (red

arrow) where it delineates the fetal body surface and fills the fetal airways.

Reproduced with permission from Kizilcan et al.99

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.

FIGURE 15
Experimental study in rabbits investigating excretion of a radioactive
substance (99mTc-HIDA)

Analysis of radioactivity of tissues from fetuses harvested at a rate of 1 per hour demonstrates that

there is physiological transit of radioactive meconium through the gastrointestinal tract (proximal

bowel, mid-bowel, and distal bowel) into the amniotic fluid. The colored lines represent the

magnitude of radioactivity in different tissues.

Modified from Ciftci et al.260

HIDA, hepatobiliary iminodiacetic acid, 99mTc, technetium-99m.

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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necrosis,199,259 hence fetal distress or
death.199

Fetal defecation as a physiological
event
The traditional view has been that the
fetus does not pass meconium in the
absence of a pathologic process such as
hypoxia or infection. However, an accu-
mulating body of evidence suggests that
defecation in utero is a physiological
phenomenon, and this is supported by
the following observations: (1) when a
nonhydrosoluble contrast medium is
administered via nasogastric tube in fetal
goats, the contrast is subsequently
detected in the amniotic fluid by
serial radiographic examinations99

(Figure 14); (2) radioactive technetium-
99m (99mTc- hepatobiliary iminodi-
acetic acid [HIDA]), injected intramus-
cularly in fetal rabbits, is detectable in the
gastrointestinal tract and then in the
amniotic cavity260 (Figure 15); and (3)
closure of the fetal anus with a purse-
string suture prevents the technetium
from appearing in the amniotic fluid.261
merican Journal of Obstetrics & Gynecology 13
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FIGURE 16
Evidence of fetal defecation with 4-dimensional ultrasound

The anus was examined for 10 to 15 minutes.

Courtesy of López Ramón y Cajal et al.264

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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Detailed high-resolution ultrasound
has shown defecation by the human
fetus.262 López Ramón y Cajal and
Ocampo Martínez262,263 evaluated fetal
anal sphincter behavior in pregnancies
FIGURE 17
Electron microscopic image of fetal c

Structures are present on the cell surface that res

Reproduced with permission from López Ramón y Cajal.265

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol
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between 15 and 41 weeks of gestation.
Defecation was documented in all cases,
with the highest frequency between 28
and 34 weeks of gestation (Figure 16).
Amniocentesis performed shortly after
ells found in fetal defecation

emble primitive villi (boxed area).
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defecation in a subset of patients
demonstrated clear amniotic fluid con-
taining “whitish” material, which was
consistent with bowel epithelium at
microscopic examination264 (Figure 17).
The passage of meconium has also been
observed during fetoscopy in a case of
stage III twin-to-twin transfusion syn-
drome at 19 weeks of gestation266

(Figure 18; Videos 1 and 2). In this
case, the stool was green in color, which
could be attributed to oxidative stress
during the pathologic process.

Further evidence supporting that
defecation occurs in utero derives from a
study of 31 fetal autopsies, ranging from
14 to 27 weeks of gestation. The presence
of green-colored meconium at different
levels of the intestinal tract was detected
in 28 cases, and evidence of defecation,
determined by the presence of meco-
nium in the anus, was less frequent after
21 weeks of gestation,267 which is the
time when the external anal sphincter
becomes fully developed.268e270 These
findings are consistent with the obser-
vation that the concentrations of intes-
tinal enzymes (alkaline phosphatase and
disaccharidases) in amniotic fluid
peaked at 17 to 18 weeks of gestation,
and decreased after 22 weeks.271,272

Given that meconium contains colored
pigment (eg, bilirubin) and that fetal
defecation occurs throughout preg-
nancy,262 it remains to be clarified why
ge Network from ClinicalKey.com.au by 
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FIGURE 18
Meconium debris in amniotic cavity of twin B (recipient) during fetoscopy

Courtesy of Dr Ramen Chmait.

Gallo. Meconium-stained amniotic fluid. Am J Obstet Gynecol 2022.
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MSAF occurs only in up to 20% of de-
liveries at term.

Conclusion
MSAF occurs in up to 20% of term
pregnancies and is a risk factor for
adverse maternal and neonatal out-
comes. Hypoxia and/or intraamniotic
infection/inflammation can be found in
a subset of patients. When meconium is
present, continuous fetal heart rate
electronic monitoring is indicated as a
normal cardiotocographic tracing that
effectively excludes fetal hypoxia.
Assessment of intraamniotic infection/
inflammation can be performed by an
analysis of amniotic fluid with a rapid
point-of-care test for IL-6 or MMP-8.
Antibiotic treatment of mothers with
MSAF can reduce the rate of clinical
chorioamnionitis. Defecation in utero is
a physiological phenomenon; however,
hypoxia, intraamniotic infection/
inflammation, and postterm pregnan-
cies are factors associated with MSAF. In
the absence of these 3 factors, the etiol-
ogy remains unknown. Omics analysis of
amniotic fluid with meconium could
help in the understanding of the patho-
physiology of MSAF and in identifying
new biomarkers for risk stratification of
patients according to MSAF etiology. -
Downloaded for Danny Tucker (danny.tucke
Elsevier on April 07, 2023. For persona
ACKNOWLEDGMENTS

We are grateful to Ramen H. Chmait, MD
(Department of Fetal Surgery, Fetal-Maternal
Center, Children’s Hospital Los Angeles, Los
Angeles, CA) for providing images and a video
of meconium debris in the amniotic cavity of
twin B (recipient) during fetoscopy. Dr Chmait
has no conflict of interest in relation to our
expert review.

We thank Julian Conde, MA (Perinatology
Research Branch, NICHD/NIH/DHHS, Detroit,
MI) for creating the figures and preparing the
video for the article, and Maureen McGerty, MA
(Wayne State University) for editorial support.
They have no conflict of interest in relation to our
expert review.

The authors also thank the Fernandez
Foundation (Hyderabad, India) and its team—Dr
Pramod G, Dr Tejopratap, and Dr Asha—for
administrative support; and to Dr Anupama
Singh, DrNuzhat Aziz, andDr Kasturi Sarvotham
for perinatal autopsy referrals.
REFERENCES

1. Ross MG. Meconium aspiration syndrome-
more than intrapartum meconium. N Engl J
Med 2005;353:946–8.
2. Grand RJ, Watkins JB, Torti FM. Develop-
ment of the human gastrointestinal tract. A re-
view. Gastroenterology 1976;70:790–810.
3. Ahanya SN, Lakshmanan J, Morgan BL,
Ross MG. Meconium passage in utero: mech-
anisms, consequences, and management.
Obstet Gynecol Surv 2005;60:45–56.
4. Smith JA, Ross WD, editors. The works of
Aristotle: Historia animalium. Translated by DW
MONTH 2023 A
r@health.qld.gov.au) at Queensland Health Clinical Knowled
l use only. No other uses without permission. Copyright ©20
Thompson. Oxford: Clarendon Press; 1910. p.
185.
5. Back P, Walter K. Developmental pattern of
bile acid metabolism as revealed by bile acid
analysis of meconium. Gastroenterology
1980;78:671–6.
6. Davy J. On the composition of themeconium,
and of the vernix caseosa, or lubricating matter
of the new-born infant. Med Chir Trans 1844;27:
189–97.
7. Blumenthal SG, Ikeda RM, Ruebner BH. Bile
pigments in humans and in nonhuman primates
during the perinatal period: composition of
meconium and gallbladder bile of newborns and
adults. Pediatr Res 1976;10:664–8.
8. Aziz S, Leroy P, Servaes R, Eggermont E,
Fevery J. Bilirubin-IXbeta is a marker of meco-
nium, like zinc coproporphyrin. J Pediatr Gas-
troenterol Nutr 2001;32:287–92.
9. Gourley GR, Kreamer B, Arend R. Excre-
mental studies in human neonates. Identification
of zinc coproporphyrin as a marker for meco-
nium. Gastroenterology 1990;99:1705–9.
10. Horiuchi K, Adachi K, Fujise Y, et al. Isolation
and characterization of zinc coproporphyrin I: a
major fluorescent component in meconium. Clin
Chem 1991;37:1173–7.
11. Usta IM, Sibai BM, Mercer BM, Kreamer BL,
Gourley GR. Use of maternal plasma level of
zinc-coproporphyrin in the prediction of intra-
uterine passage of meconium: a pilot study.
J Matern Fetal Med 2000;9:201–3.
12. Naritaka N, Suzuki M, Sato H, et al. Profile of
bile acids in fetal gallbladder and meconium
using liquid chromatography-tandem mass
spectrometry. Clin Chim Acta 2015;446:76–81.
13. Kimura A, Yamakawa R, Ushijima K, et al.
Fetal bile acid metabolism during infancy: anal-
ysis of 1 beta-hydroxylated bile acids in urine,
meconium and feces. Hepatology 1994;20:
819–24.
14. Kumagai M, Kimura A, Takei H, et al. Peri-
natal bile acid metabolism: bile acid analysis of
meconium of preterm and full-term infants.
J Gastroenterol 2007;42:904–10.
15. Colombo C, Zuliani G, Ronchi M,
Breidenstein J, Setchell KD. Biliary bile acid
composition of the human fetus in early gesta-
tion. Pediatr Res 1987;21:197–200.
16. Bichler A, Daxenbichler G, Geir W. Deter-
mination of amniotic fluid palmitic acid concen-
tration for the estimation of fetal lung maturity.
Clin Chim Acta 1977;74:133–8.
17. Blumenthal SG, Taggart DB,
Rasmussen RD, et al. Conjugated and uncon-
jugated bilirubins in humans and rhesus mon-
keys. Structural identity of bilirubins from biles
andmeconiums of newborn humans and rhesus
monkeys. Biochem J 1979;179:537–47.
18. Macias RI, Marin JJ, Serrano MA. Excretion
of biliary compounds during intrauterine life.
World J Gastroenterol 2009;15:817–28.
19. Blumenthal SG, Stucker T, Rasmussen RD,
et al. Changes in bilirubins in human prenatal
development. Biochem J 1980;186:693–700.
20. Perez-Muñoz ME, Arrieta MC, Ramer-
Tait AE, Walter J. A critical assessment of the
merican Journal of Obstetrics & Gynecology 15
ge Network from ClinicalKey.com.au by 
23. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0002-9378(22)02171-8/sref1
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref1
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref1
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref2
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref2
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref2
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref3
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref3
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref3
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref3
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref5
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref5
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref5
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref5
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref6
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref6
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref6
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref6
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref7
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref7
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref7
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref7
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref7
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref8
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref8
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref8
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref8
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref9
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref9
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref9
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref9
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref10
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref10
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref10
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref10
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref11
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref11
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref11
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref11
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref11
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref12
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref12
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref12
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref12
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref13
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref13
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref13
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref13
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref13
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref14
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref14
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref14
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref14
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref15
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref15
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref15
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref15
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref16
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref16
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref16
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref16
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref17
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref17
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref17
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref17
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref17
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref17
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref18
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref18
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref18
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref19
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref19
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref19
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref20
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref20
http://www.AJOG.org


Expert Review ajog.org
“sterile womb” and “in utero colonization” hy-
potheses: implications for research on the pioneer
infant microbiome. Microbiome 2017;5:48.
21. Kennedy KM, Gerlach MJ, Adam T, et al.
Fetal meconium does not have a detectable
microbiota before birth. Nat Microbiol 2021;6:
865–73.
22. Theis KR, Romero R, Winters AD, Jobe AH,
Gomez-Lopez N. Lack of evidence for micro-
biota in the placental and fetal tissues of rhesus
macaques. mSphere 2020;5:e00210–20.
23. Theis KR, Romero R, Greenberg JM, et al.
No consistent evidence for microbiota in murine
placental and fetal tissues. mSphere 2020;5:
e00933-19.
24. Neueröffnete Hebammen-Schul VC: oder
Nutzliche Unterweisung Christlicher Hebammen
und Wehmüttern, vol. S153. Stuttgart; 1687.
25. Ohana O, Holcberg G, Sergienko R,
Sheiner E. Risk factors for intrauterine fetal death
(1988-2009). J Matern Fetal Neonatal Med
2011;24:1079–83.
26. Mandelbaum B. Gestational meconium in
the high-risk pregnancy. Obstet Gynecol
1973;42:87–92.
27. Brailovschi Y, Sheiner E, Wiznitzer A,
Shahaf P, Levy A. Risk factors for intrapartum
fetal death and trends over the years. Arch
Gynecol Obstet 2012;285:323–9.
28. Malloy MH. Chorioamnionitis: epidemiology
of newborn management and outcome United
States 2008. J Perinatol 2014;34:611–5.
29. Ellis M, Manandhar N, Manandhar DS,
Costello AM. Risk factors for neonatal enceph-
alopathy in Kathmandu, Nepal, a developing
country: unmatched case-control study. BMJ
(Clin Res Ed) 2000;320:1229–36.
30. Hayes BC, McGarvey C, Mulvany S, et al.
A case-control study of hypoxic-ischemic en-
cephalopathy in newborn infants at >36 weeks
gestation. Am J Obstet Gynecol 2013;209:29.
e1–19.
31. Hayes BC, Cooley S, Donnelly J, et al. The
placenta in infants >36 weeks gestation with
neonatal encephalopathy: a case control study.
Arch Dis Child Fetal Neonatal 2013;98:F233–9.
32. Berkus MD, Langer O, Samueloff A,
Xenakis EM, Field NT, Ridgway LE. Meconium-
stained amniotic fluid: increased risk for adverse
neonatal outcome. Obstet Gynecol 1994;84:
115–20.
33. Kayange N, Kamugisha E,
Mwizamholya DL, Jeremiah S, Mshana SE.
Predictors of positive blood culture and deaths
among neonates with suspected neonatal
sepsis in a tertiary hospital, Mwanza-Tanzania.
BMC Pediatr 2010;10:39.
34. Nathan L, Leveno KJ, Carmody TJ 3rd,
Kelly MA, Sherman ML. Meconium: a 1990s
perspective on an old obstetric hazard. Obstet
Gynecol 1994;83:329–32.
35. Dargaville PA, Copnell B. Australian and
New Zealand Neonatal Network. The epidemi-
ology of meconium aspiration syndrome: inci-
dence, risk factors, therapies, and outcome.
Pediatrics 2006;117:1712–21.
16 American Journal of Obstetrics & Gynecology
Downloaded for Danny Tucker (danny.tucke

Elsevier on April 07, 2023. For persona
36. Davis RO, Philips JB 3rd, Harris BA Jr,
Wilson ER, Huddleston JF. Fatal meconium
aspiration syndrome occurring despite airway
management considered appropriate. Am J
Obstet Gynecol 1985;151:731–6.
37. Greenough A. Meconium aspiration syn-
drome–prevention and treatment. Early Hum
Dev 1995;41:183–92.
38. van Ierland Y, de Boer M, de Beaufort AJ.
Meconium-stained amniotic fluid: discharge
vigorous newborns. Arch Dis Child Fetal
Neonatal Ed 2010;95:F69–71.
39. Hutton EK, Thorpe J. Consequences of
meconium stained amniotic fluid: what does the
evidence tell us? Early Hum Dev 2014;90:
333–9.
40. Spinillo A, Fazzi E, Capuzzo E, Stronati M,
Piazzi G, Ferrari A. Meconium-stained amniotic
fluid and risk for cerebral palsy in preterm infants.
Obstet Gynecol 1997;90:519–23.
41. Redline RW. Severe fetal placental vascular
lesions in term infants with neurologic impair-
ment. Am J Obstet Gynecol 2005;192:452–7.
42. McIntyre S, Taitz D, Keogh J, Goldsmith S,
Badawi N, Blair E. A systematic review of risk
factors for cerebral palsy in children born at term
in developed countries. Dev Med Child Neurol
2013;55:499–508.
43. Naeye RL. Can meconium in the amniotic
fluid injure the fetal brain? Obstet Gynecol
1995;86:720–4.
44. Ostrea EM Jr, Naqvi M. The influence of
gestational age on the ability of the fetus to pass
meconium in utero. Clinical implications. Acta
Obstet Gynecol Scand 1982;61:275–7.
45. Sedaghatian MR, Othman L, Hossain MM,
Vidyasagar D. Risk of meconium-stained amni-
otic fluid in different ethnic groups. J Perinatol
2000;20:257–61.
46. Shaikh EM, Mehmood S, Shaikh MA.
Neonatal outcome in meconium stained amni-
otic fluid-one year experience. J Pak Med Assoc
2010;60:711–4.
47. Fujikura T, Klionsky B. The significance of
meconium staining. Am J Obstet Gynecol
1975;121:45–50.
48. Mitri F, Hofmeyr GJ, van Gelderen CJ.
Meconium during labour–self-medication and
other associations. S Afr Med J 1987;71:431–3.
49. Mabina MH, Pitsoe SB, Moodley J. The ef-
fect of traditional herbal medicines on pregnancy
outcome. The King Edward VIII Hospital expe-
rience. S Afr Med J 1997;87:1008–10.
50. Balchin I, Whittaker JC, Lamont RF,
Steer PJ. Maternal and fetal characteristics
associated with meconium-stained amniotic
fluid. Obstet Gynecol 2011;117:828–35.
51. Schulze M. The significance of the passage
of meconium during labor. Am JObstet Gynecol
1925;10:83–8.
52. Caughey AB, Musci TJ. Complications of
term pregnancies beyond 37 weeks of gesta-
tion. Obstet Gynecol 2004;103:57–62.
53. Bhat R, Vidyasagar D. Delivery room man-
agement of meconium-stained infant. Clin Peri-
natol 2012;39:817–31.
MONTH 2023
r@health.qld.gov.au) at Queensland Health Clinical Knowled
l use only. No other uses without permission. Copyright ©20
54. Rodríguez Fernández V, López
Ramón YCajal CN, Marín Ortiz E, Couceiro
Naveira E. Intrapartum and perinatal results
associated with different degrees of staining of
meconium stained amniotic fluid. Eur J Obstet
Gynecol Reprod Biol 2018;228:65–70.
55. Lee J, Romero R, Lee KA, et al. Meconium
aspiration syndrome: a role for fetal systemic
inflammation. Am J Obstet Gynecol 2016;214:
366.e1–9.
56. Steer PJ, Eigbe F, Lissauer TJ, Beard RW.
Interrelationships among abnormal cardiotoco-
grams in labor, meconium staining of the amni-
otic fluid, arterial cord blood pH, and Apgar
scores. Obstet Gynecol 1989;74:715–21.
57. Mazor M, Hershkovitz R, Bashiri A, et al.
Meconium stained amniotic fluid in preterm de-
livery is an independent risk factor for perinatal
complications. Eur J Obstet Gynecol Reprod
Biol 1998;81:9–13.
58. Romero R, Hanaoka S, Mazor M, et al.
Meconium-stained amniotic fluid: a risk factor for
microbial invasion of the amniotic cavity. Am J
Obstet Gynecol 1991;164:859–62.
59. Matthews TG, Warshaw JB. Relevance of
the gestational age distribution of meconium
passage in utero. Pediatrics 1979;64:30–1.
60. Katz VL, Bowes WA Jr. Meconium aspira-
tion syndrome: reflections on a murky subject.
Am J Obstet Gynecol 1992;166:171–83.
61. Clifford SH. Postmaturity, with placental
dysfunction; clinical syndrome and pathologic
findings. J Pediatr 1954;44:1–13.
62. Becker R, Windle W, Barth E, Schulz M.
Fetal swallowing, gastro-intestinal activity and
defecation in amnio. Surg Gynecol Obstet
1940;70:603–14.
63. Speert H. Swallowing and gastrointestinal
activity in the fetal monkey. Am JObstet Gynecol
1943;45:69–82.
64. McLain CR Jr. Amniography studies of the
gastrointestinal motility of the human fetus. Am J
Obstet Gynecol 1963;86:1079–87.
65. Itoh Z. Motilin and clinical application. Pep-
tides 1997;18:593–608.
66. Vantrappen G, Janssens J, Peeters TL,
BloomSR, Christofides ND, Hellemans J. Motilin
and the interdigestive migrating motor complex
in man. Dig Dis Sci 1979;24:497–500.
67. Lucas A, Christofides ND, Adrian TE,
Bloom SR, Aynsley-Green A. Fetal distress,
meconium, and motilin. Lancet 1979;1:718.
68. Mahmoud EL, Benirschke K, Vaucher YE,
Poitras P. Motilin levels in term neonates who
have passed meconium prior to birth. J Pediatr
Gastroenterol Nutr 1988;7:95–9.
69. Meydanli MM, Engin-Ustün Y, Ustün Y,
Deniz D, Temel I, Firat S. Relationship between
meconium staining, umbilical cord plasma
motilin level and infantile colic. J Reprod Med
2006;51:704–8.
70. Goldkrand JW, Schulte RL, Messer RH.
Maternal and fetal plasma cortisol levels at
parturition. Obstet Gynecol 1976;47:41–5.
71. Malinowska KW, Hardy RN, Nathanielsz PW.
Plasma adrenocorticosteroid concentrations
ge Network from ClinicalKey.com.au by 
23. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0002-9378(22)02171-8/sref20
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref20
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref20
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref21
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref21
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref21
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref21
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref22
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref22
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref22
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref22
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref23
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref23
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref23
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref23
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref25
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref25
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref25
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref25
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref26
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref26
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref26
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref27
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref27
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref27
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref27
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref28
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref28
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref28
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref29
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref29
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref29
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref29
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref29
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref30
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref30
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref30
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref30
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref30
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref30
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref31
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref31
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref31
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref31
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref31
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref32
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref32
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref32
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref32
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref32
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref33
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref33
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref33
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref33
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref33
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref33
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref34
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref34
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref34
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref34
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref35
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref35
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref35
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref35
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref35
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref36
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref36
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref36
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref36
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref36
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref37
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref37
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref37
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref38
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref38
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref38
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref38
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref39
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref39
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref39
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref39
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref40
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref40
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref40
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref40
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref41
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref41
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref41
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref42
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref42
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref42
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref42
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref42
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref43
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref43
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref43
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref44
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref44
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref44
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref44
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref45
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref45
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref45
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref45
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref46
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref46
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref46
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref46
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref47
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref47
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref47
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref48
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref48
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref48
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref49
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref49
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref49
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref49
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref50
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref50
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref50
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref50
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref51
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref51
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref51
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref52
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref52
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref52
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref53
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref53
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref53
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref54
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref54
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref54
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref54
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref54
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref54
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref55
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref55
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref55
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref55
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref56
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref56
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref56
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref56
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref56
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref57
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref57
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref57
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref57
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref57
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref58
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref58
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref58
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref58
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref59
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref59
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref59
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref60
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref60
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref60
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref61
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref61
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref61
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref62
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref62
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref62
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref62
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref63
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref63
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref63
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref64
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref64
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref64
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref65
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref65
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref66
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref66
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref66
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref66
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref67
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref67
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref67
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref68
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref68
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref68
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref68
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref69
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref69
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref69
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref69
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref69
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref70
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref70
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref70
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref71
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref71
http://www.AJOG.org


ajog.org Expert Review
immediately after birth in the rat, rabbit and
guinea-pig. Experientia 1972;28:1366–7.
72. Gilbert WM, Eby-Wilkens E, Plopper C,
Whitsett JA, Tarantal AF. Fetal monkey surfac-
tants after intra-amniotic or maternal adminis-
tration of betamethasone and thyroid hormone.
Obstet Gynecol 2001;98:466–70.
73. Florio P, Romero R, Chaiworapongsa T,
et al. Amniotic fluid and umbilical cord plasma
corticotropin-releasing factor (CRF), CRF-
binding protein, adrenocorticotropin, and
cortisol concentrations in intraamniotic infection
and inflammation at term. J Clin Endocrinol
Metab 2008;93:3604–9.
74. Petraglia F, Aguzzoli L, Florio P, et al.
Maternal plasma and placental immunoreactive
corticotrophin-releasing factor concentrations in
infection-associated term and pre-term delivery.
Placenta 1995;16:157–64.
75. McLean M, Bisits A, Davies J, Woods R,
Lowry P, Smith R. A placental clock controlling
the length of human pregnancy. Nat Med
1995;1:460–3.
76. You X, Liu J, Xu C, et al. Corticotropin-
releasing hormone (CRH) promotes inflamma-
tion in human pregnant myometrium: the evi-
dence of CRH initiating parturition? J Clin
Endocrinol Metab 2014;99:E199–208.
77. Taché Y, Bonaz B. Corticotropin-releasing
factor receptors and stress-related alterations of
gut motor function. J Clin Invest 2007;117:
33–40.
78. Grundy D, Al-Chaer ED, Aziz Q, et al. Fun-
damentals of neurogastroenterology: basic sci-
ence. Gastroenterology 2006;130:1391–411.
79. Hillhouse EW, Grammatopoulos DK. The
molecular mechanisms underlying the regulation
of the biological activity of corticotropin-
releasing hormone receptors: implications for
physiology and pathophysiology. Endocr Rev
2006;27:260–86.
80. Lakshmanan J, Magee TR, Richard JD,
et al. Localization and gestation-dependent
pattern of corticotrophin-releasing factor re-
ceptor subtypes in ovine fetal distal colon.
Neurogastroenterol Motil 2008;20:1328–39.
81. Maillot C, Million M, Wei JY, Gauthier A,
Taché Y. Peripheral corticotropin-releasing fac-
tor and stress-stimulated colonic motor activity
involve type 1 receptor in rats. Gastroenterology
2000;119:1569–79.
82. Lakshmanan J, Oyachi N, AhanyaSA, LiuG,
Mazdak M, Ross MG. Corticotropin-releasing
factor inhibition of sheep fetal colonic contrac-
tility: mechanisms to prevent meconium pas-
sage in utero. Am J Obstet Gynecol 2007;196:
357.e1–7.
83. Starks GC. Correlation of meconium-
stained amniotic fluid, early intrapartum fetal
pH, and Apgar scores as predictors of
perinatal outcome. Obstet Gynecol 1980;56:
604–9.
84. ZiadehSM, Sunna E.Obstetric andperinatal
outcome of pregnancies with term labour and
meconium-stained amniotic fluid. Arch Gynecol
Obstet 2000;264:84–7.
Downloaded for Danny Tucker (danny.tucke
Elsevier on April 07, 2023. For persona
85. Richey SD, Ramin SM, Bawdon RE, et al.
Markers of acute and chronic asphyxia in infants
with meconium-stained amniotic fluid. Am J
Obstet Gynecol 1995;172:1212–5.
86. Jazayeri A, Politz L, Tsibris JC, Queen T,
Spellacy WN. Fetal erythropoietin levels in
pregnancies complicated by meconium pas-
sage: does meconium suggest fetal hypoxia?
Am J Obstet Gynecol 2000;183:188–90.
87. Lakshmanan J, Ahanya SN, Rehan V,
Oyachi N, Ross MG. Elevated plasma cortico-
trophin release factor levels and in utero
meconiumpassage.PediatrRes2007;61:176–9.
88. Blackwell SC, Moldenhauer J, Hassan SS,
et al. Meconium aspiration syndrome in term
neonates with normal acid-base status at de-
livery: is it different? Am J Obstet Gynecol
2001;184:1422–5.
89. Dijxhoorn MJ, Visser GH, Fidler VJ,
Touwen BC, Huisjes HJ. Apgar score, meco-
nium and acidaemia at birth in relation to
neonatal neurological morbidity in term infants.
Br J Obstet Gynaecol 1986;93:217–22.
90. Yeomans ER, Gilstrap LC 3rd, Leveno KJ,
Burris JS. Meconium in the amniotic fluid and
fetal acid-base status. Obstet Gynecol 1989;73:
175–8.
91. Trimmer KJ, Gilstrap LC 3rd. “Meconium-
crit” and birth asphyxia. Am J Obstet Gynecol
1991;165:1010–3.
92. Andres RL, Saade G, Gilstrap LC, et al.
Association between umbilical blood gas pa-
rameters and neonatal morbidity and death in
neonates with pathologic fetal acidemia. Am J
Obstet Gynecol 1999;181:867–71.
93. Ramin SM, Gilstrap LC 3rd, Leveno KJ,
Dax JS, Little BB. Acid-base significance of
meconium discovered prior to labor. Am J Per-
inatol 1993;10:143–5.
94. Brown CA, Desmond MM, Lindley JE,
Moore J. Meconium staining of the amniotic
fluid; a marker of fetal hypoxia. Obstet Gynecol
1957;9:91–103.
95. Ciftci AO, Tanyel FC, Bingöl-Kolo�glu M,
Sahin S, Büyükpamukçu N. Fetal distress does
not affect in utero defecation but does impair the
clearance of amniotic fluid. J Pediatr Surg
1999;34:246–50.
96. DeVane GW, Naden RP, Porter JC,
Rosenfeld CR. Mechanism of arginine vaso-
pressin release in the sheep fetus. Pediatr Res
1982;16:504–7.
97. Stark RI, Daniel SS, Husain MK,
Sanocka UM, Zubrow AB, James LS. Vaso-
pressin concentration in amniotic fluid as an in-
dex of fetal hypoxia: mechanism of release in
sheep. Pediatr Res 1984;18:552–8.
98. Westgate JA, Bennet L, Gunn AJ. Meco-
nium and fetal hypoxia: some experimental ob-
servations and clinical relevance. BJOG
2002;109:1171–4.
99. Kizilcan F, Karnak I, Tanyel FC,
Büyükpamukçu N, Hiçsönmez A. In utero defe-
cation of the nondistressed fetus: a roentgen
study in the goat. J Pediatr Surg 1994;29:
1487–90.
MONTH 2023 A
r@health.qld.gov.au) at Queensland Health Clinical Knowled
l use only. No other uses without permission. Copyright ©20
100. Romero R, Yoon BH, Chaemsaithong P,
et al. Bacteria and endotoxin in meconium-
stained amniotic fluid at term: could intra-
amniotic infection cause meconium passage?
J Matern Fetal Neonatal Med 2014;27:
775–88.
101. Romero R, Yoon BH, Chaemsaithong P,
et al. Secreted phospholipase A2 is increased in
meconium-stained amniotic fluid of term gesta-
tions: potential implications for the genesis of
meconium aspiration syndrome. J Matern Fetal
Neonatal Med 2014;27:975–83.
102. Mazor M, Furman B,Wiznitzer A, Shoham-
Vardi I, Cohen J, Ghezzi F. Maternal and peri-
natal outcome of patientswith preterm labor and
meconium-stained amniotic fluid. Obstet Gyne-
col 1995;86:830–3.
103. Naccasha N, Gervasi MT,
Chaiworapongsa T, et al. Phenotypic and
metabolic characteristics of monocytes and
granulocytes in normal pregnancy and maternal
infection. Am J Obstet Gynecol 2001;185:
1118–23.
104. Farias-Jofre M, Romero R, Galaz J, et al.
Pregnancy tailors endotoxin-induced monocyte
and neutrophil responses in the maternal circu-
lation. Inflamm Res 2022;71:653–68.
105. Sedlak TW, Snyder SH. Bilirubin benefits:
cellular protection by a biliverdin reductase
antioxidant cycle. Pediatrics 2004;113:
1776–82.
106. Abu-Bakar A, Arthur DM, Wikman AS,
et al. Metabolism of bilirubin by human cyto-
chrome P450 2A6. Toxicol Appl Pharmacol
2012;261:50–8.
107. Clark P, Duff P. Inhibition of neutrophil
oxidative burst and phagocytosis by meconium.
Am J Obstet Gynecol 1995;173:1301–5.
108. Bryan C. Enhancement of bacterial infec-
tion by meconium. Johns Hopkins Med J
1967;121:9.
109. Florman AL, Teubner D. Enhancement of
bacterial growth in amniotic fluid by meconium.
J Pediatr 1969;74:111–4.
110. Benacerraf BR, Gatter MA, Ginsburgh F.
Ultrasound diagnosis of meconium-stained
amniotic fluid. Am J Obstet Gynecol 1984;149:
570–2.
111. Wong FW, Loong EP, Chang AM. Ultra-
sound diagnosis of meconium-stained amniotic
fluid. Am J Obstet Gynecol 1985;152:359.
112. Sepúlveda WH, Quiroz VH. Sonographic
detection of echogenic amniotic fluid and its
clinical significance. J Perinat Med 1989;17:
333–5.
113. DeVore GR, Platt LD. Ultrasound appear-
ance of particulate matter in amniotic cavity:
vernix or meconium? J Clin Ultrasound 1986;14:
229–30.
114. Brown DL, Polger M, Clark PK,
Bromley BS, Doubilet PM. Very echogenic am-
niotic fluid: ultrasonography-amniocentesis
correlation. J Ultrasound Med 1994;13:95–7.
115. Giacomello F. Sonographic findings of
dense amniotic fluid. Am J Obstet Gynecol
1988;158:1242–3.
merican Journal of Obstetrics & Gynecology 17
ge Network from ClinicalKey.com.au by 
23. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0002-9378(22)02171-8/sref71
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref71
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref72
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref72
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref72
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref72
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref72
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref73
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref73
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref73
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref73
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref73
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref73
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref73
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref74
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref74
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref74
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref74
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref74
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref75
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref75
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref75
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref75
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref76
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref76
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref76
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref76
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref76
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref77
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref77
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref77
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref77
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref78
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref78
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref78
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref79
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref79
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref79
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref79
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref79
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref79
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref80
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref80
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref80
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref80
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref80
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref81
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref81
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref81
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref81
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref81
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref82
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref82
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref82
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref82
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref82
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref82
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref83
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref83
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref83
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref83
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref83
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref84
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref84
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref84
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref84
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref85
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref85
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref85
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref85
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref86
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref86
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref86
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref86
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref86
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref87
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref87
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref87
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref87
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref88
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref88
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref88
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref88
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref88
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref89
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref89
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref89
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref89
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref89
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref90
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref90
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref90
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref90
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref91
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref91
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref91
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref92
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref92
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref92
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref92
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref92
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref93
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref93
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref93
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref93
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref94
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref94
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref94
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref94
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref95
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref95
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref95
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref95
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref95
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref95
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref96
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref96
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref96
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref96
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref97
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref97
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref97
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref97
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref97
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref98
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref98
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref98
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref98
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref99
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref99
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref99
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref99
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref99
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref100
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref100
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref100
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref100
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref100
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref100
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref101
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref101
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref101
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref101
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref101
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref101
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref102
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref102
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref102
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref102
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref102
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref103
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref103
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref103
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref103
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref103
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref103
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref104
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref104
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref104
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref104
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref105
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref105
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref105
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref105
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref106
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref106
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref106
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref106
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref107
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref107
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref107
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref108
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref108
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref108
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref109
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref109
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref109
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref110
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref110
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref110
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref110
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref111
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref111
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref111
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref112
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref112
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref112
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref112
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref113
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref113
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref113
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref113
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref114
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref114
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref114
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref114
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref115
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref115
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref115
http://www.AJOG.org


Expert Review ajog.org
116. Karamustafaoglu Balci B, Goynumer G.
Incidence of echogenic amniotic fluid at term
pregnancy and its association with meconium.
Arch Gynecol Obstet 2018;297:915–8.
117. Green JN, Paul RH. The value of amnio-
centesis in prolonged pregnancy. Obstet
Gynecol 1978;51:293–8.
118. Roncaglia N, Arreghini A, Locatelli A,
Bellini P, Andreotti C, Ghidini A. Obstetric chole-
stasis: outcome with active management. Eur J
Obstet Gynecol Reprod Biol 2002;100:167–70.
119. Knox GE, Huddleston JF, Flowers CE Jr.
Management of prolonged pregnancy: results of
a prospective randomized trial. Am J Obstet
Gynecol 1979;134:376–84.
120. Argyridis S, Arulkumaran S. Meconium
stained amniotic fluid. Obstet Gynaecol Reprod
Med 2016;26:227–30.
121. Kitsommart R, Thammawong N,
Sommai K, Yangnoy J, Bowornkitiwong W,
Paes B. Impact of meconium consistency on
infant resuscitation and respiratory outcomes: a
retrospective-cohort study and systematic re-
view. J Matern Fetal Neonatal Med 2021;34:
4141–7.
122. Sheiner E, Hadar A, Shoham-Vardi I,
Hallak M, Katz M, Mazor M. The effect of
meconium on perinatal outcome: a prospective
analysis. J Matern Fetal Neonatal Med 2002;11:
54–9.
123. Gluck O, Kovo M, Tairy D, Herman HG,
Bar J, Weiner E. The effect of meconium thick-
ness level on neonatal outcome. Early Hum Dev
2020;142:104953.
124. Rossi EM, Philipson EH, Williams TG,
Kalhan SC. Meconium aspiration syndrome:
intrapartum and neonatal attributes. Am J
Obstet Gynecol 1989;161:1106–10.
125. Locatelli A, Regalia AL, Patregnani C,
Ratti M, Toso L, Ghidini A. Prognostic value of
change in amniotic fluid color during labor. Fetal
Diagn Ther 2005;20:5–9.
126. Khazardoost S, Hantoushzadeh S,
Khooshideh M, Borna S. Risk factors for
meconium aspiration in meconium stained am-
niotic fluid. J Obstet Gynaecol 2007;27:577–9.
127. Greenwood C, Lalchandani S,
MacQuillan K, Sheil O, Murphy J, Impey L.
Meconium passed in labor: how reassuring is
clear amniotic fluid? Obstet Gynecol 2003;102:
89–93.
128. Fan HC, Chang FW, Pan YR, et al.
Approach to the connection betweenmeconium
consistency and adverse neonatal outcomes: a
retrospective clinical review and prospective
in vitro study. Children (Basel) 2021;8:1082.
129. Frey HA, Tuuli MG, Shanks AL,
Macones GA, Cahill AG. Interpreting category
II fetal heart rate tracings: does meconium mat-
ter? Am J Obstet Gynecol 2014;211:644.e1–8.
130. Martinez-Biarge M, Diez-Sebastian J,
Wusthoff CJ,Mercuri E, Cowan FM. Antepartum
and intrapartum factors preceding neonatal
hypoxic-ischemic encephalopathy. Pediatrics
2013;132:e952–9.
131. Molcho J, Leiberman JR, Hagay Z,
Hagay Y. Spectrophotometric determination of
18 American Journal of Obstetrics & Gynecology
Downloaded for Danny Tucker (danny.tucke

Elsevier on April 07, 2023. For persona
meconium concentration in amniotic fluid.
J Biomed Eng 1986;8:162–5.
132. Romero R, Miranda J, Chaiworapongsa T,
et al. Prevalence and clinical significance of
sterile intra-amniotic inflammation in patients
with preterm labor and intact membranes. Am J
Reprod Immunol 2014;72:458–74.
133. Yamada T, Minakami H, Matsubara S,
Yatsuda T, Kohmura Y, Sato I. Meconium-
stained amniotic fluid exhibits chemotactic ac-
tivity for polymorphonuclear leukocytes in vitro.
J Reprod Immunol 2000;46:21–30.
134. Tran SH, Caughey AB, Musci TJ. Meco-
nium-stained amniotic fluid is associated with
puerperal infections. Am J Obstet Gynecol
2003;189:746–50.
135. Wen TS, Eriksen NL, Blanco JD,
GrahamJM,OshiroBT, Prieto JA. Association of
clinical intra-amniotic infection and meconium.
Am J Perinatol 1993;10:438–40.
136. Mercer LJ, Brown LG, Petres RE,
Messer RH. A survey of pregnancies compli-
cated by decreased amniotic fluid. Am J Obstet
Gynecol 1984;149:355–61.
137. Ashwal E, Hiersch L, Melamed N,
Aviram A, Wiznitzer A, Yogev Y. The association
between isolated oligohydramnios at term and
pregnancy outcome. Arch Gynecol Obstet
2014;290:875–81.
138. Manning FA, Platt LD, Sipos L. Antepartum
fetal evaluation: development of a fetal bio-
physical profile. Am JObstet Gynecol 1980;136:
787–95.
139. Campbell S,Wladimiroff JW, Dewhurst CJ.
The antenatal measurement of fetal urine pro-
duction. J Obstet Gynaecol Br Commonw
1973;80:680–6.
140. Hofmeyr GJ, Xu H, Eke AC. Amnioinfusion
formeconium-stained liquor in labour. Cochrane
Database Syst Rev 2014;1:CD000014.
141. Macri CJ, Schrimmer DB, Leung A,
Greenspoon JS, Paul RH. Prophylactic
amnioinfusion improves outcome of pregnancy
complicated by thick meconium and oligohy-
dramnios. Am J Obstet Gynecol 1992;167:
117–21.
142. Sherman DJ, Ross MG, Day L, Humme J,
Ervin MG. Fetal swallowing: response to graded
maternal hypoxemia. J Appl Physiol (1985)
1991;71:1856–61.
143. Funai EF, Labowsky AT, Drewes CE,
Kliman HJ. Timing of fetal meconium absorption
by amnionic macrophages. Am J Perinatol
2009;26:93–7.
144. Naeye RL. Functionally important disor-
ders of the placenta, umbilical cord, and fetal
membranes. Hum Pathol 1987;18:680–91.
145. Weitzner JS, Strassner HT, Rawlins RG,
Mack SR, Anderson RA Jr. Objective assess-
ment of meconium content of amniotic fluid.
Obstet Gynecol 1990;76:1143–4.
146. Bene BC. Diagnosis of meconium in am-
niotic fluids by nuclear magnetic resonance
spectroscopy. Physiol Chem Phys 1980;12:
241–7.
147. Borcard B, Hiltbrand E, Magnin P, et al.
Estimating meconium (fetal feces) concentration
MONTH 2023
r@health.qld.gov.au) at Queensland Health Clinical Knowled
l use only. No other uses without permission. Copyright ©20
in human amniotic fluid by nuclear magnetic
resonance. Physiol Chem Phys 1982;14:
189–92.
148. Tucker AS, Izant RJ. Problems with
meconium. Am J Roentgenol Radium Ther Nucl
Med 1971;112:135–42.
149. Rodwell VW, Murray RK. Porphyrins & bile
pigments. Chapter 31. In: Harper’s illustrated
biochemistry. 31st Edition. Rodwell VW, Bender
DA, Botham KM, Kennelly PJ, Weil PA, editors.
New York, NY: McGraw-Hill Education. 2018.
305-316.
150. Mano N. Features and applications of bili-
rubin oxidases. Appl Microbiol Biotechnol
2012;96:301–7.
151. Baranano DE, Rao M, Ferris CD,
Snyder SH. Biliverdin reductase: a major physi-
ologic cytoprotectant. Proc Natl Acad Sci U S A
2002;99:16093–8.
152. Svigos JM, Stewart-Rattray SF,
Pridmore BR. Meconium-stained liquor at sec-
ond trimester amniocentesis—is it significant?
Aust N Z J Obstet Gynaecol 1981;21:5–6.
153. Allen R. The significance of meconium in
midtrimester genetic amniocentesis. Am J
Obstet Gynecol 1985;152:413–7.
154. Karp LE, Schiller HS. Meconium staining of
amniotic fluid at midtrimester amniocentesis.
Obstet Gynecol 1977;50. 47se9.
155. King CR, Prescott G, Pernoll M. Signifi-
cance of meconium in midtrimester diagnostic
amniocentesis. Am JObstet Gynecol 1978;132:
667–9.
156. Golbus MS, Loughman WD, Epstein CJ,
Halbasch G, Stephens JD, Hall BD. Prenatal
genetic diagnosis in 3000 amniocenteses.
N Engl J Med 1979;300:157–63.
157. Immken L, Lee M, Stewart R, Kaback MM.
Significant of meconium stained fluid in mid-
trimester amniocentesis. Birth Defects Orig Artic
Ser 1982;18:187–90.
158. Alger LS, Kisner HJ, Nagey DA. The
presence of a meconium-like substance in
second-trimester amniotic fluid. Am J Obstet
Gynecol 1984;150:380–5.
159. Hankins GD, Rowe J, Quirk JG Jr,
Trubey R, Strickland DM. Significance of brown
and/or green amniotic fluid at the time of second
trimester genetic amniocentesis. Obstet Gyne-
col 1984;64:353–8.
160. Zorn EM, Hanson FW, Greve LC, Phelps-
Sandall B, Tennant FR. Analysis of the signifi-
cance of discolored amniotic fluid detected at
midtrimester amniocentesis. Am J Obstet
Gynecol 1986;154:1234–40.
161. Hess LW, Anderson RL, Golbus MS. Sig-
nificance of opaque discolored amniotic fluid at
second-trimester amniocentesis. Obstet Gyne-
col 1986;67:44–6.
162. SternKG. Spectroscopy of catalase. JGen
Physiol 1937;20:631–48.
163. Genevier ES, Danielian PJ, Steer PJ. Sys-
tem for continuous measurement of meconium
in clear and blood-stained amniotic fluid during
labour. Med Biol Eng Comput 1995;33:92–6.
164. Rao S, Pavlova Z, Incerpi MH,
Ramanathan R. Meconium-stained amniotic
ge Network from ClinicalKey.com.au by 
23. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0002-9378(22)02171-8/sref116
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref116
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref116
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref116
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref117
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref117
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref117
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref118
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref118
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref118
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref118
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref119
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref119
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref119
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref119
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref120
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref120
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref120
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref121
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref121
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref121
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref121
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref121
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref121
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref121
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref122
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref122
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref122
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref122
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref122
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref123
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref123
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref123
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref123
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref124
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref124
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref124
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref124
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref125
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref125
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref125
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref125
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref126
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref126
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref126
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref126
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref127
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref127
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref127
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref127
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref127
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref128
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref128
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref128
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref128
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref128
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref129
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref129
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref129
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref129
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref130
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref130
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref130
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref130
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref130
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref131
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref131
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref131
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref131
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref132
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref132
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref132
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref132
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref132
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref133
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref133
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref133
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref133
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref133
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref134
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref134
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref134
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref134
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref135
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref135
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref135
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref135
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref136
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref136
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref136
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref136
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref137
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref137
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref137
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref137
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref137
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref138
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref138
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref138
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref138
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref139
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref139
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref139
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref139
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref140
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref140
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref140
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref141
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref141
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref141
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref141
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref141
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref141
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref142
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref142
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref142
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref142
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref143
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref143
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref143
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref143
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref144
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref144
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref144
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref145
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref145
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref145
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref145
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref146
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref146
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref146
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref146
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref147
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref147
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref147
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref147
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref147
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref148
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref148
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref148
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref150
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref150
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref150
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref151
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref151
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref151
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref151
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref152
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref152
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref152
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref152
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref153
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref153
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref153
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref154
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref154
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref154
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref155
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref155
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref155
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref155
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref156
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref156
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref156
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref156
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref157
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref157
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref157
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref157
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref158
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref158
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref158
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref158
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref159
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref159
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref159
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref159
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref159
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref160
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref160
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref160
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref160
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref160
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref161
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref161
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref161
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref161
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref162
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref162
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref163
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref163
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref163
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref163
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref164
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref164
http://www.AJOG.org


ajog.org Expert Review
fluid and neonatal morbidity in near-term and
term deliveries with acute histologic cho-
rioamnionitis and/or funisitis. J Perinatol
2001;21:537–40.
165. Maymon E, ChaimW, Furman B, Ghezzi F,
Shoham Vardi I, Mazor M. Meconium stained
amniotic fluid in very low risk pregnancies at term
gestation. Eur J Obstet Gynecol Reprod Biol
1998;80:169–73.
166. Markovitch O, Mazor M, Shoham-Vardi I,
Chaim W, Leiberman JR, Glezerman M. Meco-
nium stained amniotic fluid is associated with
maternal infectious morbidity in pre term de-
livery. Acta Obstet Gynecol Scand 1993;72:
538–42.
167. Piper JM, Newton ER, Berkus MD,
Peairs WA. Meconium: a marker for peripartum
infection. Obstet Gynecol 1998;91:741–5.
168. Chapman S, Duff P. Incidence of cho-
rioamnionitis in patients with meconium-stained
amniotic fluid. Infect Dis Obstet Gynecol 1995;2:
210–2.
169. Schorn MN, Blanco JD, Chambers AN,
Rafferty CA. Effect of meconium on delivery of
chorioamniotic membranes. J Nurse Midwifery
1993;38:301–4.
170. Josephson A. An epidemiologic study of
postcesarean infection. Am J Infect Control
1984;12:19–25.
171. Bouchè C, Wiesenfeld U, Ronfani L, et al.
Meconium-stained amniotic fluid: a risk factor for
postpartum hemorrhage. Ther Clin Risk Manag
2018;14:1671–5.
172. Fang ZJ, Liu HF, Zhang YL, Yu L, Yan JY.
Relation of meconium-stained amniotic fluid and
postpartum hemorrhage: a retrospective cohort
study. Eur Rev Med Pharmacol Sci 2020;24:
10352–8.
173. Gallo DM, Romero R, Bosco M, et al.
Maternal plasma cytokines and the subsequent
risk of uterine atony and postpartum hemor-
rhage. J Perinat Med 2022 [Epub ahead of print].
174. Williams MK, Chames MC. Risk factors for
the breakdown of perineal laceration repair after
vaginal delivery. Am J Obstet Gynecol
2006;195:755–9.
175. Jallad K, Steele SE, Barber MD. Break-
down of perineal laceration repair after vaginal
delivery: a case-control study. Female Pelvic
Med Reconstr Surg 2016;22:276–9.
176. Adair CD, Ernest JM, Sanchez-Ramos L,
Burrus DR, Boles ML, Veille JC. Meconium-
stained amniotic fluid-associated infectious
morbidity: a randomized, double-blind trial of
ampicillin-sulbactam prophylaxis. Obstet Gyne-
col 1996;88:216–20.
177. Adair C, Lewis D, Weeks J, Vandenberg T,
Barrilleaux S, Philibert L. Is meconium-stained
amniotic fluid infectious morbidity reduced by
prophylactic ampicillin sulbactam? Am J Obstet
Gynecol 1999;180:s22.
178. Siriwachirachai T, Sangkomkamhang US,
Lumbiganon P, Laopaiboon M. Antibiotics for
meconium-stained amniotic fluid in labour for
preventing maternal and neonatal infections.
Cochrane Database Syst Rev 2014;2014.
Cd007772.
Downloaded for Danny Tucker (danny.tucke
Elsevier on April 07, 2023. For persona
179. Jung EJ, Romero R, Gomez-Lopez N,
et al. Cervical insufficiency, amniotic fluid sludge,
intra-amniotic infection, and maternal bacter-
emia: the need for a point-of-care test to assess
inflammation and bacteria in amniotic fluid.
J Matern Fetal Neonatal Med 2022;35:
4775–81.
180. Lee KA, Mi Lee S, Jin Yang H, et al. The
frequency of meconium-stained amniotic fluid
increases as a function of the duration of labor.
J Matern Fetal Neonatal Med 2011;24:
880–5.
181. Zagariya A, Bhat R, Navale S,
Vidyasagar D. Cytokine expression in
meconium-induced lungs. Indian J Pediatr
2004;71:195–201.
182. van Ierland Y, de Beaufort AJ. Why does
meconium cause meconium aspiration syn-
drome? Current concepts of MAS pathophysi-
ology. Early Hum Dev 2009;85:617–20.
183. Vain NE, Szyld EG, Prudent LM,
Wiswell TE, Aguilar AM, Vivas NI. Oropharyngeal
and nasopharyngeal suctioning of meconium-
stained neonates before delivery of their shoul-
ders: multicentre, randomised controlled trial.
Lancet 2004;364:597–602.
184. Derham RJ, Matthews TG, Clarke TA.
Early seizures indicate quality of perinatal care.
Arch Dis Child 1985;60:809–13.
185. Wiswell TE. Delivery room management of
the meconium-stained newborn. J Perinatol
2008;28(Suppl3):S19–26.
186. Low JA, Pancham SR, Worthington D,
Boston RW. The incidence of fetal asphyxia in
six hundred high-risk monitored pregnancies.
Am J Obstet Gynecol 1975;121:456–9.
187. Urbaniak KJ, McCowan LM,
Townend KM. Risk factors for meconium-
aspiration syndrome. Aust N Z J Obstet
Gynaecol 1996;36:401–6.
188. Oyelese Y, Culin A, Ananth CV,
Kaminsky LM, Vintzileos A, Smulian JC. Meco-
nium-stained amniotic fluid across gestation and
neonatal acid-base status. Obstet Gynecol
2006;108:345–9.
189. Xu H, Mas-Calvet M, Wei SQ, Luo ZC,
Fraser WD. Abnormal fetal heart rate tracing
patterns in patientswith thickmeconiumstaining
of the amniotic fluid: association with perinatal
outcomes. AmJObstet Gynecol 2009;200:283.
e1–7.
190. Cahill AG, Parks L, Harper L, Heitmann E,
O’Neill K. Abnormal fetal heart rate tracings in
patients with thick meconium staining of the
amniotic fluid: Xu et al. Am J Obstet Gynecol
2009;200:342–3.
191. Monen L, Hasaart TH, Kuppens SM. The
aetiology of meconium-stained amniotic fluid:
pathologic hypoxia or physiologic foetal
ripening? (review). Early Hum Dev 2014;90:
325–8.
192. Hooper SB, Harding R. Changes in lung
liquid dynamics induced by prolonged fetal
hypoxemia. J Appl Physiol (1985) 1990;69:
127–35.
193. Block MF, Kallenberger DA, Kern JD,
Nepveux RD. In utero meconium aspiration by
MONTH 2023 A
r@health.qld.gov.au) at Queensland Health Clinical Knowled
l use only. No other uses without permission. Copyright ©20
the baboon fetus. Obstet Gynecol 1981;57:
37–40.
194. Zagariya A, Bhat R, Uhal B, Navale S,
Freidine M, Vidyasagar D. Cell death and lung
cell histology in meconium aspirated newborn
rabbit lung. Eur J Pediatr 2000;159:
819–26.
195. Kytölä J, Uotila P, Kääpä P. Meconium
stimulates cyclooxygenase-2 expression in rat
lungs. Prostaglandins Leukot Essent Fatty Acids
1999;60:107–10.
196. Sun B, Curstedt T, Robertson B. Surfac-
tant inhibition in experimental meconium aspi-
ration. Acta Paediatr 1993;82:182–9.
197. Clark DA, Nieman GF, Thompson JE,
Paskanik AM, Rokhar JE, Bredenberg CE. Sur-
factant displacement by meconium free fatty
acids: an alternative explanation for atelectasis in
meconium aspiration syndrome. J Pediatr
1987;110:765–70.
198. de Beaufort AJ, Bakker AC, van Tol MJ,
Poorthuis BJ, Schrama AJ, Berger HM. Meco-
nium is a source of pro-inflammatory sub-
stances and can induce cytokine production in
cultured A549 epithelial cells. Pediatr Res
2003;54:491–5.
199. Burgess AM, Hutchins GM. Inflammation
of the lungs, umbilical cord and placenta asso-
ciated with meconium passage in utero. Review
of 123 autopsied cases. Pathol Res Pract
1996;192:1121–8.
200. Kinsella JP. Meconium aspiration syn-
drome: is surfactant lavage the answer? Am J
Respir Crit Care Med 2003;168:413–4.
201. Tran N, Lowe C, Sivieri EM, Shaffer TH.
Sequential effects of acute meconium obstruc-
tion on pulmonary function. Pediatr Res
1980;14:34–8.
202. Haakonsen LindenskovPH, CastellheimA,
Saugstad OD, Mollnes TE. Meconium aspiration
syndrome: possible pathophysiological mecha-
nisms and future potential therapies. Neona-
tology 2015;107:225–30.
203. Nair J, Lakshminrusimha S. Update on
PPHN: mechanisms and treatment. Semin
Perinatol 2014;38:78–91.
204. Zagariya A, Doherty J, Bhat R, et al.
Elevated immunoreactive endothelin-1 levels in
newborn rabbit lungs aftermeconium aspiration.
Pediatr Crit Care Med 2002;3:297–302.
205. Thureen PJ, Hall DM, Hoffenberg A,
Tyson RW. Fatal meconium aspiration in spite of
appropriate perinatal airway management: pul-
monary and placental evidence of prenatal dis-
ease. Am J Obstet Gynecol 1997;176:
967–75.
206. Murphy JD, Vawter GF, Reid LM. Pulmo-
nary vascular disease in fatal meconium aspira-
tion. J Pediatr 1984;104:758–62.
207. Romero R, Miranda J, Chaemsaithong P,
et al. Sterile and microbial-associated intra-am-
niotic inflammation in pretermprelabor rupture of
membranes. J Matern Fetal Neonatal Med
2015;28:1394–409.
208. Kallapur SG, Bachurski CJ, Le Cras TD,
Joshi SN, Ikegami M, Jobe AH. Vascular
changes after intra-amniotic endotoxin in
merican Journal of Obstetrics & Gynecology 19
ge Network from ClinicalKey.com.au by 
23. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0002-9378(22)02171-8/sref164
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref164
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref164
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref164
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref165
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref165
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref165
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref165
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref165
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref166
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref166
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref166
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref166
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref166
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref166
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref167
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref167
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref167
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref168
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref168
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref168
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref168
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref169
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref169
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref169
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref169
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref170
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref170
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref170
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref171
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref171
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref171
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref171
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref172
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref172
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref172
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref172
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref172
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref173
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref173
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref173
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref173
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref174
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref174
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref174
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref174
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref175
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref175
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref175
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref175
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref176
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref176
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref176
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref176
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref176
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref176
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref177
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref177
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref177
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref177
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref177
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref178
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref178
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref178
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref178
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref178
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref178
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref179
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref179
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref179
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref179
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref179
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref179
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref179
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref180
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref180
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref180
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref180
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref180
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref181
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref181
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref181
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref181
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref182
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref182
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref182
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref182
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref183
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref183
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref183
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref183
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref183
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref183
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref184
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref184
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref184
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref185
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref185
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref185
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref186
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref186
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref186
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref186
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref187
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref187
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref187
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref187
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref188
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref188
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref188
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref188
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref188
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref189
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref189
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref189
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref189
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref189
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref189
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref190
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref190
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref190
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref190
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref190
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref191
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref191
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref191
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref191
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref191
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref192
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref192
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref192
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref192
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref193
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref193
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref193
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref193
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref194
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref194
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref194
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref194
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref194
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref195
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref195
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref195
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref195
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref196
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref196
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref196
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref197
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref197
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref197
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref197
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref197
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref197
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref198
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref198
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref198
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref198
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref198
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref198
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref199
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref199
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref199
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref199
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref199
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref200
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref200
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref200
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref201
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref201
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref201
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref201
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref202
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref202
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref202
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref202
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref202
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref203
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref203
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref203
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref204
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref204
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref204
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref204
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref205
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref205
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref205
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref205
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref205
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref205
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref206
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref206
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref206
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref207
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref207
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref207
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref207
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref207
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref208
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref208
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref208
http://www.AJOG.org


Expert Review ajog.org
preterm lamb lungs. Am J Physiol Lung Cell Mol
Physiol 2004;287:L1178–85.
209. Bartha JL, Romero-Carmona R, Comino-
Delgado R. Inflammatory cytokines in intrauter-
ine growth retardation. Acta Obstet Gynecol
Scand 2003;82:1099–102.
210. Gotsch F, Romero R, Chaiworapongsa T,
et al. Evidence of the involvement of caspase-1
under physiologic and pathologic cellular stress
during human pregnancy: a link between the
inflammasome and parturition. J Matern Fetal
Neonatal Med 2008;21:605–16.
211. Romero R, Chaiworapongsa T, Alpay
Savasan Z, et al. Damage-associated molecular
patterns (DAMPs) in preterm labor with intact
membranes and preterm PROM: a study of the
alarmin HMGB1. J Matern Fetal Neonatal Med
2011;24:1444–55.
212. Romero R, Chaiworapongsa T,
Savasan ZA, et al. Clinical chorioamnionitis is
characterized by changes in the expression of
the alarmin HMGB1 and one of its receptors.
sRAGE. J Matern Fetal Neonatal Med 2012;25:
558–67.
213. Romero R, Espinoza J, Hassan S, et al.
Soluble receptor for advanced glycation end
products (sRAGE) and endogenous secretory
RAGE (esRAGE) in amniotic fluid: modulation by
infection and inflammation. J Perinat Med
2008;36:388–98.
214. Romero R, Miranda J, Chaiworapongsa T,
et al. A novel molecular microbiologic technique
for the rapid diagnosis of microbial invasion of
the amniotic cavity and intra-amniotic infection in
preterm labor with intact membranes. Am J
Reprod Immunol 2014;71:330–58.
215. Romero R, Miranda J, Kusanovic JP, et al.
Clinical chorioamnionitis at term I: microbiology
of the amniotic cavity using cultivation and mo-
lecular techniques. J Perinat Med 2015;43:
19–36.
216. Okazaki K, Kondo M, Kato M, et al. Serum
cytokine and chemokine profiles in neonates
with meconium aspiration syndrome. Pediatrics
2008;121:e748–53.
217. Hsieh TT, Hsieh CC, Hung TH, Chiang CH,
Yang FP, Pao CC. Differential expression of
interleukin-1 beta and interleukin-6 in human
fetal serum and meconium-stained amniotic
fluid. J Reprod Immunol 1998;37:155–61.
218. Jung E, Romero R, Yeo L, et al. The fetal
inflammatory response syndrome: the origins of
a concept, pathophysiology, diagnosis, and
obstetrical implications. Semin Fetal Neonatal
Med 2020;25:101146.
219. Xu H, Hofmeyr J, Roy C, Fraser W. Intra-
partum amnioinfusion for meconium-stained
amniotic fluid: a systematic review of rando-
mised controlled trials. BJOG 2007;114:
383–90.
220. Sanchez-Ramos L. Intrapartum amnioin-
fusion for meconium-stained amniotic fluid: a
systematic review of randomised controlled tri-
als. BJOG 2008;115:409–10.
221. Steer PJ. Howmuch weight should we put
on the conclusions of meta-analyses? BJOG
2008;115:299–300.
20 American Journal of Obstetrics & Gynecology
Downloaded for Danny Tucker (danny.tucke

Elsevier on April 07, 2023. For persona
222. Burke-Strickland M, Edwards NB. Meco-
nium aspiration in the newborn. Minn Med
1973;56:1031–5.
223. Gregory GA, Gooding CA, Phibbs RH,
Tooley WH. Meconium aspiration in infants–a
prospective study. J Pediatr 1974;85:848–52.
224. Carson BS, Losey RW, Bowes WA Jr,
SimmonsMA. Combined obstetric and pediatric
approach to prevent meconium aspiration syn-
drome. Am J Obstet Gynecol 1976;126:712–5.
225. American Heart Association. 2005 Amer-
ican Heart Association (AHA) guidelines for car-
diopulmonary resuscitation (CPR) and
emergency cardiovascular care (ECC) of pedi-
atric and neonatal patients: pediatric basic life
support. Pediatrics 2006;117:e989–1004.
226. Foster JP, Dawson JA, Davis PG,
Dahlen HG. Routine oro/nasopharyngeal suc-
tion versus no suction at birth. Cochrane Data-
base Syst Rev 2017;4. CD010332.
227. Halliday HL, Sweet DG. Endotracheal
intubation at birth for preventing morbidity and
mortality in vigorous, meconium-stained infants
born at term. Cochrane Database Syst Rev
2001. Cd000500.
228. Nangia S, Thukral A, Chawla D. Tracheal
suction at birth in non-vigorous neonates born
through meconium-stained amniotic fluid.
Cochrane Database Syst Rev 2021;6.
CD012671.
229. Linder N, Aranda JV, TsurM, et al. Need for
endotracheal intubation and suction in
meconium-stained neonates. J Pediatr
1988;112:613–5.
230. Cordero L Jr, Hon EH. Neonatal brady-
cardia following nasopharyngeal stimulation.
J Pediatr 1971;78:441–7.
231. Gungor S, Teksoz E, Ceyhan T, Kurt E,
Goktolga U, Baser I. Oronasopharyngeal suc-
tion versus no suction in normal, term and
vaginally born infants: a prospective randomised
controlled trial. Aust N Z J Obstet Gynaecol
2005;45:453–6.
232. Gungor S, Kurt E, Teksoz E, Goktolga U,
Ceyhan T, Baser _I. Oronasopharyngeal suction
versus no suction in normal and term infants
delivered by elective cesarean section: a pro-
spective randomized controlled trial. Gynecol
Obstet Invest 2006;61:9–14.
233. Carrasco M, Martell M, Estol PC. Orona-
sopharyngeal suction at birth: effects on arterial
oxygen saturation. J Pediatr 1997;130:832–4.
234. Falciglia HS, Henderschott C, Potter P,
Helmchen R. Does DeLee suction at the peri-
neum prevent meconium aspiration syndrome?
Am J Obstet Gynecol 1992;167:1243–9.
235. Falciglia HS. Failure to prevent meconium
aspiration syndrome. Obstet Gynecol 1988;71:
349–53.
236. Yoder BA. Meconium-stained amniotic
fluid and respiratory complications: impact of
selective tracheal suction. Obstet Gynecol
1994;83:77–84.
237. Chiruvolu A, Miklis KK, Chen E, Petrey B,
Desai S. Delivery room management of
meconium-stained newborns and respiratory
support. Pediatrics 2018;142:e20181485.
MONTH 2023
r@health.qld.gov.au) at Queensland Health Clinical Knowled
l use only. No other uses without permission. Copyright ©20
238. Saint-Fleur AL, Sridhar S. Outcomes of
neonates born through meconium-stained am-
niotic fluid Pre and post 2015 NRP Guideline
Implementation. Pediatrics 2022;149. 702e02.
239. Wiswell TE, Gannon CM, Jacob J, et al.
Delivery room management of the apparently
vigorous meconium-stained neonate: results of
the multicenter, international collaborative trial.
Pediatrics 2000;105:1–7.
240. Daga SR, Dave K, Mehta V, Pai V. Tracheal
suction in meconium stained infants: a ran-
domized controlled study. J Trop Pediatr
1994;40:198–200.
241. Chettri S, Adhisivam B, Bhat BV. Endo-
tracheal suction for nonvigorous neonates born
through meconium stained amniotic fluid: a
randomized controlled trial. J Pediatr 2015;166:
1208–12013.e1.
242. Kumar A, Kumar P, Basu S. Endotracheal
suctioning for prevention of meconium aspira-
tion syndrome: a randomized controlled trial. Eur
J Pediatr 2019;178:1825–32.
243. Nangia S, Sunder S, Biswas R, Saili A.
Endotracheal suction in term non vigorous
meconium stained neonates-a pilot study.
Resuscitation 2016;105:79–84.
244. Singh SN, Saxena S, Bhriguvanshi A,
Kumar M, Chandrakanta Sujata. Effect of
endotracheal suctioning just after birth in non-
vigorous infants born through meconium
stained amniotic fluid: a randomized controlled
trial. Clin Epidemiol Glob Health 2019;7:165–70.
245. Committee on Obstetric Practice, Amer-
icanCollege of Obstetricians andGynecologists.
ACOG Committee Opinion No. 379: manage-
ment of delivery of a newborn with meconium-
stained amniotic fluid. Obstet Gynecol
2007;110:739.
246. Kraus FT, Redline RW, Gersell DJ, Nelson
DM, Dicke JM. Placental pathology. American
Registry of Pathology in collaboration with the
Armed Forces Institute of Pathology. Atlas
Nontumor Pathol. 2004;1:10e6.
247. Khong TY, Toering TJ, Erwich JJ. Hae-
mosiderosis in the placenta does not appear to
be related to chronic placental separation or
adverse neonatal outcome. Pathology 2010;42:
119–24.
248. Redline RW, Wilson-Costello D. Chronic
peripheral separation of placenta. The signifi-
cance of diffuse chorioamnionic hemosiderosis.
Am J Clin Pathol 1999;111:804–10.
249. Ohyama M, Itani Y, Yamanaka M, et al.
Maternal, neonatal, and placental features asso-
ciated with diffuse chorioamniotic hemosiderosis,
with special reference to neonatal morbidity and
mortality. Pediatrics 2004;113:800–5.
250. Furuta N, Yaguchi C, Itoh H, et al. Immu-
nohistochemical detection of meconium in the
fetal membrane, placenta and umbilical cord.
Placenta 2012;33:24–30.
251. Brown CA, Desmond MM, Lindley JE,
Moore J. Meconium staining of newborn infants.
J Pediatr 1956;49:540–9.
252. Miller PW, Coen RW, Benirschke K. Dating
the time interval from meconium passage to
birth. Obstet Gynecol 1985;66:459–62.
ge Network from ClinicalKey.com.au by 
23. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0002-9378(22)02171-8/sref208
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref208
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref209
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref209
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref209
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref209
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref210
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref210
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref210
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref210
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref210
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref210
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref211
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref211
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref211
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref211
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref211
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref211
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref212
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref212
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref212
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref212
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref212
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref212
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref213
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref213
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref213
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref213
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref213
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref213
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref214
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref214
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref214
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref214
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref214
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref214
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref215
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref215
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref215
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref215
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref215
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref216
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref216
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref216
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref216
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref217
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref217
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref217
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref217
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref217
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref218
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref218
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref218
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref218
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref218
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref219
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref219
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref219
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref219
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref219
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref220
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref220
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref220
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref220
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref221
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref221
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref221
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref222
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref222
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref222
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref223
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref223
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref223
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref224
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref224
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref224
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref224
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref225
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref225
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref225
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref225
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref225
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref225
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref226
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref226
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref226
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref226
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref227
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref227
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref227
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref227
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref227
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref228
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref228
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref228
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref228
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref228
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref229
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref229
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref229
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref229
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref230
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref230
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref230
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref231
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref231
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref231
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref231
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref231
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref231
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref232
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref232
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref232
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref232
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref232
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref232
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref232
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref233
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref233
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref233
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref234
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref234
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref234
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref234
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref235
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref235
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref235
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref236
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref236
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref236
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref236
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref237
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref237
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref237
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref237
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref238
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref238
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref238
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref238
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref239
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref239
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref239
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref239
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref239
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref240
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref240
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref240
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref240
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref241
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref241
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref241
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref241
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref241
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref242
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref242
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref242
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref242
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref243
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref243
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref243
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref243
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref244
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref244
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref244
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref244
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref244
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref244
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref245
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref245
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref245
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref245
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref245
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref245
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref247
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref247
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref247
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref247
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref247
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref248
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref248
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref248
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref248
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref249
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref249
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref249
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref249
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref249
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref250
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref250
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref250
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref250
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref251
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref251
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref251
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref252
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref252
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref252
http://www.AJOG.org


ajog.org Expert Review
253. Incerti M, Locatelli A, Consonni S, Bono F,
Leone BE, Ghidini A. Can placental histology
establish the timing of meconium passage dur-
ing labor? Acta Obstet Gynecol Scand 2011;90:
863–8.
254. de Beaufort AJ, Pelikan DM, Elferink JG,
Berger HM. Effect of interleukin 8 in meconium
on in-vitro neutrophil chemotaxis. Lancet
1998;352:102–5.
255. Maudsley RF, Brix GA, Hinton NA,
Robertson EM, Bryans AM, HaustMD. Placental
inflammation and infection. A prospective
bacteriologic and histologic study. Am J Obstet
Gynecol 1966;95:648–59.
256. Saeed H, Jacques SM, Qureshi F. Meco-
nium staining of the amniotic fluid and the
presence and severity of acute placental
inflammation: a study of term deliveries in a
predominantly African-American population.
J Matern Fetal Neonatal Med 2018;31:3172–7.
257. Khong TY, Mooney EE, Ariel I, et al. Sam-
pling and definitions of placental lesions:
Amsterdam placental workshop group
consensus statement. Arch Pathol Lab Med
2016;140:698–713.
258. Altshuler G, Hyde S. Meconium-induced
vasocontraction: a potential cause of cerebral
and other fetal hypoperfusion and of poor
Downloaded for Danny Tucker (danny.tucke
Elsevier on April 07, 2023. For persona
pregnancy outcome. J Child Neurol 1989;4:
137–42.
259. Altshuler G, Arizawa M, Molnar-
Nadasdy G. Meconium-induced umbilical
cord vascular necrosis and ulceration: a poten-
tial link between the placenta and poor preg-
nancy outcome. Obstet Gynecol 1992;79:
760–6.
260. Ciftci AO, Tanyel FC, Ercan MT, Karnak I,
Büyükpamukçu N, Hiçsönmez A. In utero defe-
cation by the normal fetus: a radionuclide
study in the rabbit. J Pediatr Surg 1996;31:
1409–12.
261. Ciftçi AO, Tanyel FC, Karnak I,
Büyükpamukçu N, Hiçsönmez A. In-utero
defecation: fact or fiction? Eur J Pediatr Surg
1999;9:376–80.
262. Ramón Y, Cajal CL, Martínez RO. Defe-
cation in utero: a physiologic fetal function. Am J
Obstet Gynecol 2003;188:153–6.
263. López Ramón YCajal C, Ocampo
Martínez R. In-utero defecation. Ultrasound
Obstet Gynecol 2002;19:531.
264. López Ramón YCajal C, Ocampo
Martínez R. In-utero defecation between
weeks 14 and 22 of gestation: stools are
whitish. Ultrasound Obstet Gynecol 2004;23:
94–5.
MONTH 2023 A
r@health.qld.gov.au) at Queensland Health Clinical Knowled
l use only. No other uses without permission. Copyright ©20
265. López Ramón YCajal C. New insights into
intrauterine defecation. Ultrasound Rev Obstet
Gynecol 2005;5:288–96.
266. Solt I, Chmait RH. Fetoscopic documenta-
tion of meconium passage at 19 weeks’ gesta-
tion. Clin Gastroenterol Hepatol Off Clin Pract J
Am Gastroenterological Assoc 2011;9:e120.
267. Abramovich DR, Gray ES. Physiologic fetal
defecation in midpregnancy. Obstet Gynecol
1982;60:294–6.
268. Levi AC, Borghi F, Garavoglia M. Devel-
opment of the anal canal muscles. Dis Colon
Rectum 1991;34:262–6.
269. Copin H, Bourdelat D, Dupont C,
Barbet JP. [Intrication of smooth and striated
muscle during the development of the ano-rectal
sphincter]. Morphologie 1999;83:23–5.
270. Moon MH, Cho JY, Kim JH, Min JY,
Yang JH, Kim MY. In-utero development of the
fetal anal sphincter. Ultrasound Obstet Gynecol
2010;35:556–9.
271. Potier M, Melancon SB, Dallaire L. Devel-
opmental patterns of intestinal disaccharidases
in human amniotic fluid. Am J Obstet Gynecol
1978;131:73–6.
272. Mulivor RA, Mennuti MT, Harris H. Origin of
the alkaline phosphatases in amniotic fluid. Am J
Obstet Gynecol 1979;135:77–81.
merican Journal of Obstetrics & Gynecology 21
ge Network from ClinicalKey.com.au by 
23. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0002-9378(22)02171-8/sref253
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref253
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref253
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref253
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref253
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref254
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref254
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref254
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref254
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref255
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref255
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref255
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref255
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref255
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref256
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref256
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref256
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref256
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref256
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref256
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref257
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref257
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref257
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref257
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref257
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref258
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref258
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref258
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref258
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref258
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref259
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref259
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref259
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref259
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref259
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref259
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref260
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref260
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref260
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref260
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref260
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref261
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref261
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref261
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref261
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref262
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref262
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref262
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref263
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref263
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref263
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref264
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref264
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref264
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref264
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref264
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref265
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref265
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref265
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref266
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref266
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref266
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref266
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref267
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref267
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref267
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref268
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref268
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref268
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref269
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref269
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref269
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref269
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref270
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref270
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref270
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref270
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref271
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref271
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref271
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref271
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref272
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref272
http://refhub.elsevier.com/S0002-9378(22)02171-8/sref272
http://www.AJOG.org

	Meconium-stained amniotic fluid
	Outline placeholder
	Introduction
	What is meconium?
	Meconium as an obstetrical hazard
	Factors associated with meconium-stained amniotic fluid
	Gestational age
	Fetal hypoxia
	Intraamniotic infection/inflammation

	Assessment of meconium-stained amniotic fluid
	Green-stained amniotic fluid is not always indicative of meconium
	Maternal implications of meconium-stained amniotic fluid
	Neonatal implications of meconium-stained amniotic fluid: meconium aspiration syndrome
	Placental histopathologic findings in meconium-stained amniotic fluid
	Placental inflammatory lesions associated with meconium exposure
	Fetal defecation as a physiological event
	Conclusion

	Acknowledgments
	References


