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Abstract In developing countries, meconium aspiration syn-
drome (MAS) is an important cause of morbidity and mortal-
ity among neonates. The concepts of pathophysiology and
management of meconium stained amniotic fluid (MSAF)
and meconium aspiration syndrome have undergone tremen-
dous change in recent years. Routine intranatal and postnatal
endotracheal suctioning of meconium in vigorous infants is no
longer recommended. Recent studies have challenged its role
even in non-vigorous infants. Supportive therapy like oxygen
supplementation, mechanical ventilation and intravenous
fluids are the cornerstone in the management of meconium
aspiration syndrome. Availability of surfactant, inhaled nitric
oxide, high frequency ventilators and extracorporeal mem-
brane oxygenation has made it possible to salvage more in-
fants with meconium aspiration syndrome. In this review the
authors have discussed the current concepts in the pathophys-
iology and management of MAS. Drugs in trials and future
therapeutic targets are also discussed briefly.
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Introduction

A neonate has meconium aspiration syndrome (MAS) if the
triad of meconium stained amniotic fluid (MSAF), respiratory

distress and typical radiological features is noted [1]. It ac-
counts for 10 % of all causes of respiratory failure in neonates
with mortality of 20 % in the developing countries [2]. Also,
newborns exposed to meconium, are more likely to have com-
plications like neonatal sepsis, seizures, neurologic impairment
and prolonged NICU stay [3]. The severity of MAS as follows:
(1) mild: neonate requires less than 40 % oxygen for less than
48 h; (2) moderate: neonate requires more than 40 % oxygen
for more than 48 h with no air leak syndromes and (3) severe:
neonate requires assisted ventilation for more than 48 h.

With changing concepts of pathophysiology, the intranatal
and postnatal management of meconium stained amniotic flu-
id has undergone tremendous change in the last four decades.
Routine intranatal and postnatal endotracheal suction of me-
conium in vigorous infants is no longer recommended [4].
Recent studies have challenged its role even in non-vigorous
infants [5]. Supportive therapy likemechanical ventilation and
intravenous fluids are the cornerstone in the management of
MAS [6]. Availability of inhaled nitric oxide, high frequency
ventilators and extracorporeal membrane oxygenation has
made it possible to salvage more infants with MAS [1].

Pathophysiology of Meconium Passage
and Meconium Aspiration Syndrome

When a neonate aspirates meconium during intrauterine
gasping or during initial breaths at birth, MAS ensues. Fetal
hypoxic stress or vagal stimulation due to cord compression
stimulates peristalsis in the colon [7]. The evidence is mount-
ing for a chronic in-utero insult that may be more important
for meconium passage as opposed to an acute peripartum
event. Hypoxia also causes fetal gasping that results in meco-
nium aspiration. Term and post-term fetuses are more likely to
pass meconium in response to such a stress than preterms.
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Gastrointestinal maturation may be inadequate in preterms to
be able to pass meconium; although, both the presence of
meconium and active intestinal peristalsis have been reported
as early as 8 wk of gestational age [7]. Erythropoietin levels
were found to be increased in post-date fetuses and in fetuses
who pass meconium at early gestation, possibly indicating
chronic hypoxia contributing to the passage of meconium in-
utero [8]. In-utero passage of meconium also increases the risk
of intra-amniotic infection.Monen et al. suggested that MSAF
should be considered as a symptom rather than a specific
syndrome, becoming more frequent with increasing gestation-
al age and which may be associated with increased incidence
of infection or perinatal asphyxia [9].

The concept of primary and secondary MSAF was origi-
nally proposed byMeis et al. in 1982. Recently, there has been
renewed interest in this theory [9]. MSAF is considered pri-
mary if there is meconium staining right from the time of
rupture of membrane. If the amniotic fluid at the time of mem-
brane rupture was clear but subsequently becomes meconium-
stained, it is considered secondary. According to Hiersch et
al., secondary MSAF reflects fetal distress while primary
MSAF is a sign of fetal maturation [10].

Several mechanisms are involved in the pathophysiology
of MAS including acute airway obstruction, surfactant dys-
function, chemical pneumonitis and direct toxic effect, persis-
tent pulmonary hypertension of the newborn (PPHN) with
right-to-left shunt and secondary infection [7, 11]. Airway
obstruction after intrapartum ingestion of meconium was con-
sidered to be the primary mechanism of MAS in the past [11].
Meconium may cause partial or complete airway obstruction.
With the breathing movements, meconium migrates from
proximal to distal airways. In these small distal airways, me-
conium particles cause obstruction, atelectasis and hyperinfla-
tion leading to ventilation/perfusion (V/Q) mismatch and air
leak. However, many authors argue that the pathophysiology
of MAS involves more complex process than the mere aspi-
ration of meconium and presence of MSAF is a marker of
infants at risk than the cause for MAS. Surfactant dysfunction
is an alternativemechanism for meconium induced atelectasis.
Inflammatory mediators and free radicals induced by meconi-
um may also injure the alveoli [12].

Meconium may have a direct toxic effect on the alveoli.
Within few hours of meconium aspiration, neutrophils and
macrophages are present in the alveoli and airways.
Cytokines including Tumor necrosis factor-α, Interleukin-1β
and Interleukin-8, released by these inflammatory cells, cause
direct injury to the lung parenchyma and vascular endotheli-
um. This leads on to capillary leak, toxic pneumonitis and
hemorrhagic pulmonary edema. The cytokines and free radi-
cals injure airway epithelial cells and lead to apoptosis medi-
ated cell death. There is a hypothesis that the components of
innate immunity, the toll-like receptors and the complement
system are involved in lung dysfunction and systemic

inflammatory response in MAS [13]. In infants with MAS,
20 % to 40 % develop significant pulmonary hypertension.
PPHN may also be contributed by asphyxia, which has a
significant association with MAS [7].

Many components of meconium, like bile acids can cause
direct injury to the umbilical cord vessels and amniotic mem-
branes. This may also lead to fetal tissue and organ damage
[14]. Tissue injury by meconium may range from only mild
inflammation in the lung, placental membranes and chorionic
plate to severe focal injury to the umbilical vessel. Meconium
induced umbilical vessel constriction, vessel necrosis, and
production of thrombi may lead to severe hypoxic-ischemic
injury.

Meconium is a rich medium that can potentially enhance
bacterial growth in vitro. Histological features of pneumonia
are frequently seen at autopsy inMAS affected neonates treat-
ed with mechanical ventilation [15]. There is increased risk of
positive amniotic fluid cultures and clinical chorioamnionitis
in infants with MSAF. It is unclear if these infections are the
consequence of MSAF, or whether intra-uterine infection is a
predisposing factor for MSAF [3]. A clear relationship be-
tween MSAF and sepsis has not been demonstrated.
Moreover, prophylactic antibiotics are not found to be benefi-
cial in MAS [16].

Non-MAS respiratory disorders are found to be more com-
mon in neonates born through MSAF compared to those de-
livered through clear liquor. The risk factors for these disor-
ders are virtually identical to those for MAS. Wiswell et al.
suggested that, all these disorders represent the overall spec-
trum of MAS rather than distinct entities [17].

Prevention of Meconium Aspiration Syndrome

The reduction in the incidence of MAS over the last two
decades is attributed to the reduction in post-term delivery
by elective induction of pregnancies more than 41 wk gesta-
tion, aggressive management of fetal distress, and decreased
incidence of birth asphyxia [11]. A skilled resuscitation team
must be present in all deliveries complicated by MSAF [6].
Elective induction of labor at 41 wk gestation is the most
logical step towards prevention of maturation induced intra-
uterine meconium passage and hence, MAS. Intrapartum
amnioinfusion with saline has been used to dilute the thick
meconium and this procedure may prevent umbilical cord
compression especially in pregnancies complicated by
oligohydramnios withMSAF. It may also lead to reduced fetal
hypoxia-induced gasping and subsequent meconium aspira-
tion [11]. Cochrane meta-analysis of 14 studies by Hofmeyr
et al. did not show improvement in perinatal outcome, in re-
source rich settings where standard peripartum monitoring
facilities are available [18, 19]. It is not known whether the
improved outcome is due to dilution of meconium or
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increased amount of amniotic fluid in oligohydramnios [19].
The lack of benefit in resource rich settings may be due to the
fact that majority of meconium aspiration occurs before labor.
Chorioamnionitis, premature rupture of membranes, placental
abruption, preterm labor, cord hemorrhage, cord prolapse and
amniotic fluid embolism and maternal death are known com-
plications of amnioinfusion [18, 20].

Based on the concept that meconium aspiration is in-utero
rather than a postpartum event, in-utero endoscopic suctioning
of meconium has been tried when thick meconium was de-
tected upon rupture of the membranes. However, the useful-
ness of this intervention has not been tested in any other study.

Two large randomized controlled trials in the last decade by
Vain et al. [21] and Wiswell et al. [17], brought landmark
changes in the management of meconium-stained infants.
Routine intrapartum oropharyngeal suction and immediate
postnatal suction in vigorous babies were abandoned in NRP
2005 guidelines [4]. A recent study by Nangia et al. showed
that even in developing countries with poor ante-partum/intra-
partum fetal surveillance and the late arrival of mothers with
prolonged fetal distress, intrapartum suction does not reduce
the incidence or severity of MAS [22]. The change in guide-
lines in vigorous infants has not led to increase in the inci-
dence of MAS. The primary reason that endotracheal suction
is not able to reduce the risk of MAS significantly could be
because of both meconium passage and aspiration occur in-
utero and the tracheal suctioning is unlikely to benefit as me-
conium already is in the distal lung at the time of birth.

Postnatal endotracheal suction in non-vigorous meconium-
stained infants is a subject of debate. Although these infants
are at a high risk ofMAS, repeated tracheal suction has not led
to the reduction in incidence of MAS in the past [4]. NRP
2010 recommends routine postnatal suction in non-vigorous
meconium-stained infants due to lack of evidence on the ben-
efit or harm of the procedure. In a recent randomized trial in
authors’ center, they did not find any benefit of tracheal suc-
tion in preventing MAS, mortality, asphyxia, the need for and
duration of mechanical ventilation, duration of NICU stay,
shock, secondary sepsis and neurodevelopmental outcome at
9 mo of age [5]. However, the study was underpowered to find
the differences in the outcomes other than the risk of MAS.
Further studies are warranted to assess the role of tracheal
suction in non-vigorous infants.

Treatment of Meconium Aspiration Syndrome

Supportive Therapy

All the infants with MAS should be admitted in a level III
NICU and monitored using pulse oximetry. Frequent blood
gas analysis, preferably using an indwelling arterial catheter
may be required. Minimal stimulation, sedation and analgesia

are some of the important strategies to decrease pain and dis-
comfort which in turn may lead to hypoxia and right-to-left
shunting. It is prudent to cover the eyes of the infant and
maintain noise free environment for preventing PPHN.
Morphine or fentanyl is often used to optimize gas exchange.
This can also help in avoiding ventilator patient asynchrony,
reflex catecholamine release and worsening pulmonary vas-
cular resistance. Neuromuscular blockade using pancuronium
or vecuronium are believed to decrease agitation and hence,
hypoxic episodes in ventilated infants. The other potential
benefits include improved oxygenation, decreased oxygen
consumption and decreased accidental extubations. On the
other hand, paralysis may promote atelectasis and cause
ventilation-perfusion mismatch. This may increase the risk
of mortality among infants with MAS. The use of neuromus-
cular blockade in MAS is still controversial and should be
reserved for infants who cannot be managed with sedatives
alone. Maintaining normothermia and correction of metabolic
abnormalities including hypoglycemia, hypocalcemia, acido-
sis and polycythemia are also crucial.

Nasogastric Aspiration

Prophylactic nasogastric suction before the first feed has been
suggested to reduce the risk of feed intolerance and secondary
meconium aspiration in meconium-stained babies. In various
randomized trials, there is no clear benefit of this practice in
reducing both the outcomes [23–26]. However, a recent meta-
analysis of 6 trials by Deshmukh et al. suggested that prophy-
lactic lavage might reduce the risk of feed intolerance in me-
conium stained infants by 30 % [27]. But, they interpreted
their results with caution due to several limitations of the study
which included the inclusion of trials with high risk of bias,
lack of a standard definition of feed intolerance, subjectivity in
outcome assessment and lack of data on confounding factors
(e.g., sepsis, swallowed maternal blood). Statistical signifi-
cance is lost after using random-effects model and after sen-
sitivity analysis excluding high risk of bias studies. The role of
the procedure in preventing secondary meconium aspiration
was not assessed. A large randomized controlled trial is need-
ed to address these issues.

Respiratory Support

Depending on the severity, respiratory support may vary.
Some infants may require only oxygen by hood. However,
40 % of infants require mechanical ventilation and 10 % re-
quire continuous positive airway pressure [17]. Usually the
target oxygen saturation is between 90 and 95 %. Target
PaO2 may be as high as 90 mmHg as the risk of retinopathy
and lung toxicity is less in term infants, and intermittent
hypoxemia may result in the development or worsening
of PPHN [28].
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Mechanical Ventilation

No other condition in newborns poses as much challenge for
mechanical ventilation than MAS. These infants have lungs
with areas of atelectasis co-existing with areas of hyperinfla-
tion associated with ventilation-perfusion mismatch and
airway compromise. Synchronized intermittent mandato-
ry ventilation or assist/control with adequate sedation is
preferred. The aim of mechanical ventilation should be
to improve oxygenation and simultaneously minimize
barotrauma. As in any other condition with respiratory failure,
infants with severe hypoxemia (PaO2 < 50 mmHg) or
hypercarbia (PaCO2 > 60 mmHg) or acidosis (pH less than
7.25) with FiO2 > 0.6 should be intubated and ventilated.
Ventilator settings and blood gas targets depend upon pres-
ence or absence of PPHN. Mild hypoxemia may be permitted
in MAS without PPHN [28]. In MAS complicated by PPHN,
higher oxygenation targets (PaO2 80–100 mmHg) with satu-
ration target 95 to 99 % and mild hypocapnea (PaCO2 30–
35 mmHg) with pH of 7.4–7.5 are desired. This may be
achieved with mild hyperventilation and higher FiO2. But
the caretaker must be wary of the risk of cerebral vasocon-
striction and ischemia leading to long-term neurologic mor-
bidity, hearing deficits as well as air leaks with hyperventila-
tion and hypocapnea. In such situations, other modalities like
inhaled nitric oxide (discussed later) high frequency ventila-
tion (HFV) should be considered early. Theoretically, HFV is
expected to reduce barotrauma and air leak syndromes in
MAS, but evidence from animal and clinical models is con-
flicting. Partial liquid ventilation was found to be a better in
delivering surfactant in an adult rat model of MAS compared
to conventional mechanical ventilation [29].

Surfactant Therapy

The Canadian Pediatric Society recommends exogenous
surfactant for all intubated infants with MAS requiring
FiO2 ≥ 50%. Surfactant may be administered as bolus therapy
or bronchoalveolar lavage. A meta-analysis has shown that
bolus surfactant therapy reduced the severity of illness and
requirement of ECMO [30]. However, mortality, hospital stay,
duration of ventilation, oxygen use, pneumothorax, pulmo-
nary interstitial emphysema, or chronic lung disease were
not altered by surfactant therapy. Clinical trial of surfactant
lavage found no difference between lavage infants and con-
trols in terms of ECMO requirements, air leak or duration of
ventilation [31]. Moreover, lavage procedure was often halted
due to hypotension or episodes of hypoxemia [6].

Steroids

According to a Cochrane meta-analysis, systemic steroids did
not reduce mortality among infants with MAS [32]. Few

Indian studies have shown decrease in the duration of
oxygen therapy and hospital stay with steroid therapy
[33]. Steroids may benefit those infants with severe
MAS who have lung edema, pulmonary vasoconstriction
and inflammation. As of now, routine steroid therapy
for the management of MAS is not recommended. A
large randomized controlled trial on steroids in MAS is
indeed the need of the hour [34].

Antibiotics

The presence of meconium has been shown to increase the
positivity of cultures from amniotic fluid. Moreover, second-
ary pneumonia has been proposed as a mechanism in MAS
[15]. However, the relationship of MSAF and sepsis has not
been clearly documented. Studies have shown that rou-
tine antibiotic prophylaxis is not beneficial in MAS for
infants without other risk factors for sepsis [35, 36].
The clinical course and outcome related to infection in
MAS were not affected by antibiotic therapy. The role
of antibiotics in the management of MAS needs to be
re-evaluated.

Inhaled Nitric Oxide (iNO)

PPHN is a common complication and is the leading cause of
death in severe MAS [13]. Inhaled nitric oxide acts on
vascular smooth muscle causing selective pulmonary va-
sodilation [6]. It is an ideal agent in PPHN as it causes
pulmonary vasodilatation in ventilated areas of lung,
decreasing the ventilation-perfusion mismatch and thus,
improves oxygenation. As it does not affect systemic
vascular resistance while improving pulmonary blood
flow, the right to left shunt is reduced. Randomized
controlled trials have shown that iNO therapy decreases
the need for ECMO and mortality in full-term and near-
term neonates with hypoxic respiratory failure and
PPHN [1]. An oxygenation index of 25 may be the
optimal time of initiating iNO [37]. A synergestic com-
bination of HFV and iNO improved oxygenation in
some infants with severe PPHN. Better lung inflation
during HFV can decrease intrapulmonary shunting and
improve iNO delivery to the pulmonary circulation, thus
augmenting the response to iNO.

A significant proportion of infants with PPHN (30–50 %)
do not respond to iNO therapy. Also, the set up for iNO in-
volves high cost and is not freely available in the developing
countries. Phosphodiesterase-5 inhibitors including sildenafil,
milrinone and dipyridamole may also be tried in infants who
do not respond to iNO [37]. Prostacyclin, tolazoline,
Magnesium sulfate, L-Arginine, free radical scavengers
(e.g., superoxide dismutase) and endothelin antagonist like
bosentan have been tried.

1128 Indian J Pediatr (October 2016) 83(10):1125–1130



Extracorporeal Membrane Oxygenation (ECMO)

Infants with severe MAS and refractory respiratory failure
have been treated with ECMO. The commonest indication
of ECMO in newborns is MAS. Up to 35 % of the infant
population who require ECMO is due to MAS [38]. When
treated with ECMO, infants with MAS have a high survival
rate approaching almost 95 %. Availability of iNO and HFV
has led to reduced use of ECMO in MAS [1, 6].

The Future

Current therapies for MAS are supportive in nature and do not
address the lung parenchymal injury due to meconium. Once
meconium has crossed the level of vocal cords and reached the
lung tissue, it is very difficult to prevent MAS. The oxidative
stress is suggested to cause surfactant inactivation in MAS.
Hence, antioxidants like N-acetylcysteine (NAC) are tried in
experimental animals with MAS. NAC may also reduce the
viscosity of meconium by breaking disulphide bonds between
protein molecules [39]. However, NAC alone had only mild
therapeutic effect on MAS in animal studies. Combination of
NAC with surfactants showed enhanced therapeutic benefit
than either treatment alone [40]. A protease inhibitor cocktail
was noted to prevent the cell detachment induced by meconi-
um. Hence, fetal pancreatic enzymes may be handy in treating
meconium induced lung injury [41].

Conclusions

Due to improvements in both obstetric and neonatal manage-
ment strategies, the morbidity and mortality associated with
MAS has reduced considerably in the west. However, MAS
continues to be a major neonatal problem in the developing
countries. The pathophysiology of MAS is complex and is
characterized by airway obstruction, inactivation of surfactant,
chemical pneumonitis, and PPHN. Elective labor induction
for select pregnancies and amnioinfusion are key preventive
strategies against MAS. Postnatal endotracheal suctioning to
clear meconium is of no benefit in vigorous and needs further
evaluation in non-vigorous infants. Supportive care is the cor-
nerstone of management of neonates with MAS.
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