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6.1
Introduction

Aristotle originally coined the term ‘meconium’.
He used the Greek word meconium-arion to mean 
‘opium like’ (Wiswell and Bent 1993), as he be-
lieved that meconium precipitated fetal sleep. It is
probable that he recognised the association between
the presence of the meconium in the amniotic fluid fl
and subsequent fetal death or neonatal depression.
Depending on the population studied, the frequency 
of meconium-stained amniotic fl uid (MSAF) at de-fl

livery varies between approximately 8% and 19% of 
all term deliveries (Gregory et al. 1974; Wiswell
et al. 1990; Suresh and Sarkar 1994; Falciglia et 
al. 1992; Nathan et al. 1994; Yoder 1994; Peng et 
al. 1996). Other factors, such as maternal ethnicity, 
result in a higher prevalence of meconium aspira-
tion syndrome (MAS): the prevalence of MSAF in 
black is 1.5-fold that in white women (Alexander et 
al. 1994), and the likelihood of MSAF increases with 
advancing gestational age in all ethnic groups.

Regardless of the aetiology of meconium passage,
its presence is causally associated with adverse fe-
tal and neonatal outcomes, including death, acute
respiratory complications and long-term pulmo-
nary and neurological abnormalities. Depending 
upon the population studied and the criteria used
for making the diagnosis of MAS, approximately 
2–33% of infants born through MSAF will develop 
MAS. Approximately a third of infants with MAS 
will then require mechanical ventilation (Wiswell
et al. 1990; Fleischer et al. 1992). The complication 
of persistent pulmonary hypertension of the new-
born (PPHN) exists in approximately one third of 
these infants (Fleischer et al. 1992). Sadly, the mor-
tality associated with MAS is high, ranging from 4% 
to 19% (Wiswell et al. 1990; Coltart et al. 1989), 
and in a large majority of these patients mortality is 
due to complicating PPHN.

Subsequent neurological complications, such as 
early-onset neonatal seizures due to hypoxia, have 
also been reported in these infants born with thick
MSAF (Lien et al. 1995). Indeed, the increased likeli-
hood of hypotonia in infants born through moderate 
to thick, as opposed to thin, amniotic fluid, whetherfl
meconium-stained or clear, is quite different. An arti-
cle by Berkus et al. (1994) showed a seven-fold risk of 
neonatal seizures, and a five-fold risk of flfi oppy (hypo-fl
tonic) infants born through moderate to thick, com-
pared with thin, MSAF. Also of relevance is the pres-
ence of the long-term pulmonary sequelae of MAS.
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A study by Yuksal et al. (1993) showed abnormal
obstructive pulmonary function tests, with increased 
functional residual capacity (FRC) and airway hyper-
reactivity in infants at 6 months of age with a history 
of MAS. Those infants who required greater respira-
tory support in the neonatal period were signifi cantly fi
more symptomatic and required bronchodilator 
therapy more frequently. Late childhood sequelae 
include persistent airway hyper-reactivity and ab-
normal pulmonary function data later in childhood
( MacFarlane and Heaf 1988; Swaminathan et al.
1989).

6.2
Pathophysiology of Meconium Passage

Meconium is a green, viscous substance composed 
mainly of water (between 70% and 80%). Other com-
ponents include mucus, gastrointestinal secretions, 
bile acids, bile, pancreatic juice, serous debris and
swallowed amniotic fluid, lanugo, vernix caseosafl
and blood (Wiswell and Bent 1993; Holtzman
et al. 1989). The presence of meconium in the fetal
gastrointestinal tract can be seen as early as at 10–16 
weeks of gestation, and indeed at birth between 60 g 
and 200 g of meconium can be present in the intesti-
nal tract of the term infant. It is uncommon for the 
fetus to pass meconium in utero, as there is no strong 
peristalsis, and this combined with the presence of a
tonically contracted anal sphincter and the relative
seal of a terminal cap of thick meconium, further
decreases the likelihood of meconium passage. The
passage of meconium is probably a physiological
maturational event in many term and post-term 
infants, with meconium passage being rare before 
37 weeks of gestation (Matthews and Warshaw
1979), but it may occur in over a third of cases of 
postmature pregnancy lasting longer than 42 weeks 
(Usher et al. 1988; Miller and Read 1981). This 
may relate to higher levels of the hormone motilin, 
which is known to be responsible for GI motility in
adults (and shown to be higher in term and post-
term than preterm infants) (Lucas et al. 1980). This 
further supports the hypothesis that maturation of 
the GI tract has a large role in the passage of me-
conium.

Also of great importance is the observation that
the passage of meconium in utero is associated with 
ante- or intrapartum fetal acidaemia (Nathan

et al. 1994; Miller and Read 1981). A study by 
Alexander et al. (1994) shows that in the pres-
ence of fetal distress the odds of MSAF are twice as
common as in its absence. The hypothesis that fetal
hypoxia causes an increase in intestinal peristalsis,
with anal sphincter relaxation resulting in meco-
nium passage, is widely accepted. As a result of dis-
tress, fetal gasping results in meconium aspiration.

It is also thought that oligohydramnios may result
in compression of the fetal head and the fetal umbili-
cal cord, which may precipitate a vagal response and 
meconium passage.

6.3 
Pathophysiology of Meconium Aspiration
Syndrome

The definition of MAS is: respiratory distress in an fi
infant born through MSAF where symptoms cannot 
be otherwise explained (Cleary et al. 1992)

Many neonatal clinicians find the wide variety of fi
chest X-ray fi ndings amongst infants with MAS di-fi
verse enough to make specific radiographic featuresfi
unnecessary as part of their diagnostic pathway, re-
flecting the extraordinarily complex pathophysiol-fl
ogy of MAS. A prospective reason linking the pas-
sage of meconium and respiratory symptoms can 
either be secondary to aspiration of meconium in
utero or at birth, or follow alterations in the pul-
monary vascular system which occur as a result of 
asphyxia, or indeed the presence of meconium itself 
(Fig. 6.1) (Fuloria and Wiswell 1999). It is believed 
by various investigators that the presence of thick,
as against moderately viscous or thin, meconium in-
creases the likelihood of MAS (Suresh and Sarkar
1994; Ting and Brady 1975; Narang et al. 1993).
A paper by Wiswell and Bent (1993) describes a
large, multicentre trial, which demonstrated a di-
rect relationship between meconium thickness and
degree of severity of subsequent respiratory disease 
within the neonate. It appears that the degree of 
symptomatology is directly related to the viscosity 
of meconium, and large amounts of thick meconium
can potentially completely obstruct large airways. 
However, it is more common for the substance to
migrate distally to the peripheral airways, where it
causes either complete or partial obstructions (see
Fig. 6.2). Complete obstruction leads to atelectasis 
and ventilation–perfusion (V/Q) mismatch. Par-
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resulting in persistent pulmonary hypertension of 
the newborn (PPHN). Approximately two thirds of 
cases of PPHN are associated with MAS (Abu-Osa
1991).

Many infants respond to fetal hypoxia by remod-
elling pulmonary vasculature, resulting in thick 
muscularisation of the pulmonary vessels which
aberrantly extends more distally than is appropri-
ate along the intra-acinal vessels (Goetzman 1992;

Fig. 6.1. Diagram to show the pathophysiological effects of meconium
passage and meconium aspiration

Fig. 6.2a–f. Diagrammatic representation of 
the dynamic effects of meconium aspiration
on lung function. a Normal alveolar functiona
with normal gaseous exchange across the alve-
olar membrane. b Complete obstruction of the 
alveolar unit with subsequent atelectasis and 
consequent intrapulmonary shunting. c, d. The
‘ball-valve effect’ with either (c) partial or (d) 
complete occlusion of the airway, and hence im-
possibility of air escape from the alveolar unit. 
e Overdistension and rupture of the alveolar 
unit with consequent air leak. f Atelectasis asf
a result of inadequate surfactant coating of the 
lungs due to meconium plugging

tial obstruction results in a “ball-valve” effect: gas
flows into the airways on inspiration, but due to thefl
smaller diameter on exhalation gas becomes trapped 
distally, and these obstructive properties result in 
the chest X-ray and histological fi ndings classically fi
seen in MAS, i.e., areas of atelectasis and consolida-
tion adjacent to a distended hyper-expanded region 
(Stocker 1992; Tyler et al. 1978; Wiswell et al.
1992).

After several hours, the intense, inflammatory fl
response to the presence of the toxic antigen (meco-
nium) results in margination of polymorphonuclear 
leucocytes diffusely throughout the lungs (Stocker
1992; Tyler et al. 1978; Wiswell et al. 1992). The
presence of these cells releases chemical mediators 
which adversely affect the tissues, and more spe-
cifically the presence of bile salts contained withinfi
meconium causes specifi c cytotoxicity in type IIfi
pneumocytes. This further contributes to the pic-
ture of the “chemical” pneumonitis (Oelberg et al.
1990). All of the aforementioned mechanisms lead to
hypoxia, acidosis and hypercapnoea. These factors 
then in turn produce pulmonary vasoconstriction,

a b c

fed
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Murphy et al. 1984). Although there is some dispute 
regarding PPHN concomitant with MAS, the vicious
cycle of shunting, hypoxaemia and acidosis may lead
to further pulmonary hypertension, which may be 
either diffi cult or impossible to treat successfully.fi

Correlation of radiological appearances with 
outcome was studied by Yeh et al. (1979), who noted
that the presence of consolidation or atelectasis on
the chest radiograph appeared to be more predictive 
of poor clinical outcome. However, Valencia and his 
colleagues (Stocker 1992) were unable to predict
the severity of the illness in infants with meconium
aspiration accurately from the admission chest ra-
diograph alone.

Using rabbit models of MAS, Tyler et al. (1978) 
showed an early onset of airway obstruction (as de-
fi ned by alveolar collapse) correlated with ventila-fi
tion–perfusion mismatch and an increase in func-
tional residual capacity (FRC). In a similar model 
it has also been shown that chemical dysfunction 
in lungs is most prevalent during the early phase of 
MAS, with diminished dynamic and specifi c lungfi
compliance, but unchanged static lung compliance 
suggestive of partial random obstruction of large
airways (Tran et al. 1980; Wiswell et al. 1998). Un-
fortunately this study is of limited duration, only 
considering the effects of meconium on the neonate
within the first 2 hours of life; any effects occurringfi
more than 2 hours after meconium aspiration were
not, then, evaluated. Similar fi ndings were observed fi
by Yeh et al. (1982; Oelberg et al. 1990), who evalu-
ated pulmonary function tests in the first 3 days of life fi

in neonates with mild MAS which did not result in the 
need for mechanical ventilation. It was demonstrated 
that dynamic and specifi c lung compliance were lowerfi
and airway resistance higher in these infants than in
controls. It is important to note that poor correlation 
between the chest radiograph and clinical status may 
ensue, and children with substantial chest X-ray ab-
normalities and only minimal respiratory symptoms 
are observed as well as mild radiographic changes in 
severely ill neonates, a picture that is noted particu-
larly in association with PPHN (Cleary et al. 1992).

6.4 
Infl ammation

The presence of meconium in the airways induces an
inflammatory response (see Fig. 6.3). A retrospective fl
review of autopsied cases with histological evidence
of meconium exposure showed that 60% of all cases
with pulmonary inflammation were noted to be sec-fl
ondary to meconium aspiration.

Within an hour of exposure to meconium there 
is a profound pulmonary infl ammatory response.fl
Abundant neutrophils and macrophages are found
in the alveoli, large airways and lung parenchyma.

Using rabbit models, in the latter stages of MAS
there is characteristic microvascular endothe-
lial damage with development of intrapulmonary 
shunts, alveolar collapse and cellular necrosis con-
sistent with chemical pneumonitis (Tyler et al.
1978).

Fig. 6.3. Lung specimen from post 
mortem of child who died with me-
conium aspiration syndrome (MAS),
demonstrating plugging of the airway 
with keratin and proteinaceous debris. 
(Haematoxylin-eosin)
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Meconium has also been shown in vitro to inhibit 
the action of pulmonary surfactant function (Moses et 
al. 1991; Clark et al. 1987; Sun et al. 1993). In isolated 
rat alveolar cells, at low concentrations of meconium 
Higgins et al. (1996) demonstrated absence of toxicity 
to type II pneumocytes. However at higher concentra-
tions of meconium (greater than 1%) he demonstrated
dose-dependent cytotoxicity that was inhibited in the 
presence of heat-treated meconium, suggesting that a 
protein moiety may be partly responsible for this ac-
tion (Sun et al. 1993). A cytotoxic effect of meconium 
has also been inferred by other investigators, who
have demonstrated decreased production of surfac-
tant protein B (SP-B) in the presence of high concen-
trations of meconium (Antunes et al. 1997).

As many as a third of infants with MAS develop
PPHN (Fleischer et al. 1992), and approximately 
two thirds of infants with PPHN had associated
meconium aspiration. The development of PPHN
maybe a result of acidosis, hypoxia, or hypercap-
noea associated with aspiration of meconium, or 
due to acute or chronic hypoxia in utero. The neo-
natal pulmonary vasculature is known to exhibit a 
greater vasoconstrictive response than do adult pul-
monary arteries (Akopov et al. 1998). Additionally, 
the vessels possess a unique capability to undergo
rapid changes in architecture, particularly thicken-
ing of the media and adventitia, distal extension of 
smooth muscle (Murphy et al. 1981) and increased
tortuosity and muscularisation of the alveolar sep-
tal arterioles (Thureen et al. 1997).

6.5 
Signs and Symptoms

Clinically, the infant with meconium aspiration 
syndrome can be quite depressed at birth, demon-
strating pallor, cyanosis, apnoea, grunting and in-
tercostal muscle retraction. As a consequence of air 
trapping and alveolar over-distension the chest can 
adopt a barrel configuration, and clinically rales and fi
rhonchi are auscultated on physical examination.

Depending on the severity of meconium aspira-
tion, both respiratory and metabolic acidosis may 
develop due to hypoxaemia and hypercarbia. The
hypoxaemia and hypercarbia are secondary to 
ventilation–perfusion (V/Q) mismatch. Acidosis
from any origin increases the risk of or potentiates 
PPHN.

Aspiration of meconium produces a chest radio-
graphic picture characterised by (Tsu et al. 1979):
– Diffuse patchy nodular infiltrates, focal or general, fi

asymmetric or symmetric
– Hyperinflationfl
– Air leaks
– Pleural effusion
– Cardiomegaly

Infiltrates.fi Complete airway occlusion results in at-
electasis. This can be bilateral, diffuse, patchy or 
more nodular.

The lining of the alveolar sacs are more susceptible
to injury and predispose to cellular necrosis which 
causes fl uid accumulation in the airway, resulting infl
alveolar oedema. Cellular damage to capillary walls 
also results in infl ammation leading to pulmonary fl
oedema and pleural effusion secondary to leakage
from capillary vascular beds (see Fig. 6.4)

Hyperinflation and Air Leaks.fl Partial occlusion of 
the airway and air sacs by meconium debris causes 
air trapping. (Fig. 6.5) Partial occlusion results in
hyperinflation of the lungs shown by hypertransra-fl
diency of the lungs with depression of the hemi-
diaphragm. Overdistension of airway and terminal 
saccules may lead to alveolar rupture with free air 
dissecting into the interstitial lymphatics (Fig. 6.6a),
pleural spaces (Fig. 6.6b, c) and mediastinum (Fig.
6.6d).

Fig. 6.4. Frontal radiograph of a child on veno-venous (VV)
extracorporeal membrane oxygenation (ECMO) with coarse 
consolidation throughout the lungs and some overaeration
of the anterior segment of the right lower lobe. There is a left
basal intercostal drain draining a left pleural effusion, and a
small right lamellar pleural effusion is also present
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a b

c d

Fig. 6.5. Frontal chest radiograph showing areas of air trap-
ping alternating with areas of atelectasis – classic features 
of neonatal MAS

Fig. 6.6. a Frontal chest X-ray of child with MAS and early left upper lobe pulmonary interstitial emphysema (PIE). b Frontal 
radiograph of a child receiving VV ECMO with left-sided PIE and a large left pneumothorax causing mediastinal shift to 
the right. c Following suction on the intercostal drain the left pneumothorax has been almost completely drained, leaving a
tiny anterior pneumothorax. d Child with MAS treated with conventional ventilation, showing extensive barotrauma-related
complications with a large loculated pneumomediastinum and a left basal pneumothorax
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Pleural Effusions. These are the result of infl amma-fl
tory processes causing cellular necrosis and atel-
ectasis which prevent the airway and air sacs from
clearing pulmonary fl uid effectively (Fig. 6.4).fl

Cardiomegaly. Cardiomegaly may occur as a result 
of direct intrauterine asphyxia associated with me-
conium aspiration and PPHN or the delayed effects
of persistent pulmonary hypertension of the new-
born.

In an interesting radiological study, Tsu et al. 
(1979) recorded the radiographic features present
in the radiographs of 80 children with clinical and
X-ray features of aspiration syndrome. The radio-
graphic features present in the chest radiographs
were divided into fi ve separate categories, includ-fi
ing consolidation or atelectasis, infiltration, hyper-fi
infl ation, air leak and cardiomegaly. The incidence fl
of respiratory failure was assessed in each category.
The study showed that infants with consolidation or 
atelectasis had a higher incidence of respiratory fail-
ure and an increased mortality compared with those 
who did not have findings of consolidation or atelec-fi
tasis (P 0.001) . Similarly, infants who had air leaks 
had a higher incidence of respiratory failure than
those who did not show air leaks. The presence of 
air leak in infants with consolidation or atelectasis 
did not seem to be a significant contributing factor fi
in causing either respiratory failure (10/17) or death 
(5/17), when their findings were compared with those fi
of infants with consolidation or atelectasis but with-
out air leak (13/27 and 18/27, respectively). Interest-
ingly, infants who had consolidation or atelectasis as 
the sole radiographic feature also had a signifi cantly fi
higher (P<0.05) incidence of respiratory failure and 
death than those infants who had no consolidation. 
The authors suggest that consolidation or atelectasis
appears to be the most significant determinant of re-fi
spiratory failure and mortality.

This study leads to the conclusion that aspiration
of meconium may produce two different radiographic 
patterns with different prognostic implications, i.e., 
one with consolidation or atelectasis, which has a 
poorer prognosis, and one without consolidation or
atelectasis, which has a good outcome (due to aspi-
ration of thin meconium or amniotic fl uid). It ap-fl
pears that the initial chest X-ray with consolidation
or atelectasis may be produced by aspiration of thick 
or sticky meconium in these infants and more severe 
clinical course and poorer outcome can be expected.
On the other hand radiographic features of infiltra-fi

tion may be produced by aspiration of thin dilute
meconium leading to a more benign course (similar 
to that of wet lung syndrome/TTN or amniotic fluid fl
aspiration).

The authors also state that prevention is better
than cure, i.e. reducing the potential of developing
consolidation or atelectasis by deep oropharyngeal 
suctioning before delivery of the shoulder or prompt 
endotracheal suction of thick meconium is manda-
tory in cases of MASF.

6.6 
Management of the Infant 
with Meconium Aspiration Syndrome

6.6.1 
Conventional Mechanical Ventilation

One third of infants with MAS will require me-
chanical ventilation (Wiswell et al. 1990). The 
best method of ventilation management is con-
troversial. Air leaks are a common complication
of MAS (Fig 6.6a–d), especially amongst infants 
requiring positive pressure ventilation, and it has
been shown by investigators (Yeh et al. 1982) that
air trapping and increased functional residual ca-
pacity (FRC) may be exacerbated in patients on 
positive end expiratory pressure (PEEP) or CPAP 
(continuous positive airway ventilation), which are
paradoxically believed to improve oxygenation in 
babies with MAS. The best strategy for ventilator 
settings once a child requires intermittent manda-
tory ventilation is controversial. There are advocates
of using low inspiratory pressures and short inspi-
ratory times with rapid ventilator rates to maintain 
arterial blood gases within normal limits, but there 
are no published data to substantiate their opinion 
that this arrangement is superior to the more com-
monly used ventilator settings. Additionally, one
of the commoner treatments of infants with PPHN 
is hyperventilation (Fox and Duara 1983), with 
a principal goal of achieving respiratory alkalosis 
in an attempt to achieve vasodilatation within the 
pulmonary vascular bed. As two thirds of neonates
with PPHN have associated MAC, hyperventilation 
is a common approach to the management of MAS.
To date, however, there have been no prospective
randomised trials comparing various mechanical
ventilation strategies in the management of MAS.
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In neonatal piglet models of MAS, Holopainen
et al. (1999) found that prophylactic INO resulted in 
better oxygenation but did not affect the develop-
ment of pulmonary hypertension. Further studies 
comparing the use of INO with conventional venti-
lation in patients diagnosed with MAS showed that 
INO led to better oxygenation and a lesser need for 
extracorporeal membrane oxygenation (ECMO) 
than was observed in control infants. There was 
no difference between the two groups in mortal-
ity, duration of mechanical ventilation or length of 
hospitalisation, however (The Neonatal Inhaled 
Nitric Oxide Study Group 1997). Roberts et al. 
(1997). It seems that although INO leads to better
oxygenation in infants with MAS, this is not fol-
lowed by any signifi cant difference in the primary fi
outcome (death or the need for ECMO).

6.6.5 
Extracorporeal Membrane Oxygenation

The use of ECMO in the treatment of MAS was first fi
described by Bartlett et al. (1977), who used ECMO
to treat eight moribund neonates with MAS. Three 
of the infants survived, as compared with 90% mor-
tality in conventionally treated groups. The use of 
veno-arterial (VA) ECMO became increasingly pop-
ular throughout the United States during the 1980s,
with consistently encouraging results in neonates
with severe MAS (Lillehei et al. 1989). Criteria for 
the institution of ECMO support were also refined fi
over this time, and an oxygenation index greater 
than 40 was suggested as the referral criterion. The 
oxygenation index is calculated as follows.

Oxygenation index = Paw + FIO2/PaO2

where Paw is the mean airway pressure, FIOw 2 is the
inspired oxygen fraction + 100 and PaO2 is the arterial 
oxygen tension in millimetres of mercury (mmHg).
The recent publication of the UK Collaborative 
ECMO Trial Group (1996) has resulted in ECMO 
becoming a relatively well-accepted method of sup-
port for neonates with MAS in the UK. The results of 
the trial suggest that for every four infants receiving 
ECMO for MAS there was one extra survivor. Further-
more, although infants with MAS tend to be relatively 
less well than other term neonates with respiratory 
failure when treated conventionally, the converse is 
true when ECMO support is used. The survival fi g-fi
ures for neonates with MAS who receive ECMO are

6.6.2 
High-frequency Ventilation

High-frequency ventilation (HFV) is a global de-
scription with several techniques, which provide ef-
fective gaseous exchange at low tidal volumes. Po-
tential benefi ts of HFV may include less barotrauma, fi
increased mobilisation of airway secretions, better
attainment of respiratory alkalosis and fewer ad-
verse histopathological changes.

6.6.3 
Surfactant Therapy

Pulmonary immaturity due to surfactant deficiency fi
is widely accepted as a primary cause of respiratory 
distress syndrome (RDS) in premature neonates. By 
contrast, however, the term infant who is more likely 
to suffer from MAS has a mature respiratory system 
with a normal alveolar surfactant pool. The surfactant
defi ciency seen in MAS is not the result of an insuf-fi
fi cient quantity of surfactant, but is probably causedfi
by inhibited surfactant function or alterations in sur-
factant composition. There is, however, limited infor-
mation on the specific adverse effects of meconium onfi
surfactant. In high concentrations, meconium has a 
direct cytotoxic effect on type II pneumocytes.

To date there has only be one randomised con-
trol trial specifically assessing the use of exog-
enous surfactant therapy for MAS (Findlay et
al. 1996). In this study 20 affected infants were
treated with 1.5+ standard dose of bovine lung 
surfactant administered as an infusion over 20 
minutes. Significant improvements in oxygen-
ation occurred 6–12 hours later, typically follow-
ing additional surfactant doses. Six (30%) of the 
infants still required oxygen therapy at discharge.
The authors therefore suggested further clinical
trials before the widespread use of this therapy for 
MAS. Cleary and Wiswell (1998) conclude that 
surfactant therapy for MAS in humans still needs
rigorous investigation.

6.6.4 
Inhaled Nitric Oxide

Substantial effort has been invested in the assess-
ment of the use of inhaled nitric oxide (INO) as a 
pulmonary vascular relaxing agent in the treatment 
of pulmonary artery hypertension.
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extremely encouraging, and UK ECMO centres cur-
rently quote survival fi gures of around 90% for neo-fi
nates in whom the primary indication is pulmonary 
hypertension without associated severe lung injury.

6.6.5.1
ECMO Technique

There are two methods of ECMO, both of which can
be used to support neonates with MAS. Most ECMO
centres initially used VA support, in which the right
common carotid artery and internal jugular veins
were cannulated, thus providing cardiac and respi-
ratory support (Fig. 6.7a–c). More recently, however, 
veno-venous (VV) ECMO has emerged as the method 
of choice for neonates with hypoxic respiratory failure
without signifi cant haemodynamic instability (fi De-
lius et al. 1993) (Fig. 6.8).

In VV ECMO a double-lumen venous catheter is in-
serted into the right internal jugular vein with its tip in 
the right atrium. One lumen carries venous blood from
the patient to the oxygenator, and the arterial lumen 
returns oxygenated blood to the heart (Andrews et al. 
1983; Klein et al. 1985; Peek et al. 1996) - (Figs. 6.7,
6.9). Most patients with MAS now receive VV ECMO.

Potential advantages of VV ECMO over VA ECMO 
are the reduced risk of intracranial haemorrhage and 
the theoretical advantage of preserving the intact
carotid circulation. Cannulation of the arteries, as
well as predisposing to arterial intracranial bleeds 
during ECMO (Fig. 6.10), are believed to cause hae-
modynamic disruption of flow after decannulation,fl
either as a result of ligation of the vessel or because
of the presence of a substrate causing turbulence or
aneurysm formation if the vessel is repaired (Desai
et al. 1999; Jacobs et al. 1997).

6.6.5.2
Duration of ECMO Support

ECMO support is usually required for between 100 
and 120 hours (Desai et al. 1999) in MAS, the shortest 

a

b

Fig. 6.7. a Diagram and b summary of AV ECMO circuit c
Chest X-ray of a child on AV ECMO. The (venous) catheter 
to the right lies in the right atrium and the more medially t
placed (arterial) catheter (midline) is within the right com-
mon carotid artery. An ET tube is noted, and a umbilical
venous line is present with its tip at the level of the distal 
right atrium. The lungs are almost entirely collapsed Fig. 6.8. Table detailing AV and VV ECMO techniques

c
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white-out during the first 2 or 3 days (Fig. 6.12a),fi
with subsequent appearance of air bronchograms
and resolution of the change as the lungs recover
(Fig. 6.12b). Lung compliance can be estimated both 
manually and mechanically whilst the patient is on
ECMO. Unless precipitous decannulation is required
for other reasons, e.g. a large intracranial bleed, the 
infant is weaned from support when only minimal
ventilatory support is needed to provide adequate
lung expansion, oxygenation and gas exchange. At
this stage there is usually radiological evidence of 
signifi cant lung recovery.fi

In terms of long-term morbidity, survivors of 
ECMO do not appear to have a higher rate of disabil-
ity or neurological damage than do conventionally 
treated severely hypoxic neonates with MAS, despite
the greater proportion surviving.

6.7
Long-term Pulmonary Sequelae of MAS

MacFarlane and Heaf (1988) found a high preva-
lence of asthmatic symptoms (39%) and abnormal
bronchial hyper-reactivity to exercise (33%) amongst
survivors of neonatal MAS. This was much higher
than the estimated prevalence of 10–12% in this age
group in the general population. These children were 
not atopic or from atopic families and had not suf-
fered other respiratory insults known to be associated 
with bronchial hyper-reactivity in later childhood.
These fi ndings of abnormal bronchial reactivity tofi

Fig. 6.10. Cranial ultrasound showing bilateral ventricu-
lar dilatation with large left intraventricular haemorrhage
(IVH) in a child on ECMO

Fig. 6.11. Pie chart showing relative breakdown of indica-
tions for neonatal (Neo) ECMO (CHD chronic heart disease, 
PPHN persisting pulmonary hypertension of the newborn,N
RSV respiratory syncytial virus)V

duration for any neonatal diagnosis (Fig. 6.11). This
duration will inevitably be signifi cantly increasedfi
if pressure/volume ventilation has led to air leaks 
before cannulation. Whilst undergoing ECMO, the
infant receives resting ventilation with slow back-
ground ventilation at a moderate level of PEEP to 
maintain lung expansion (rate 10 per minute, pres-
sures 20/10). Serial radiographs will show a complete 

Fig. 6.9. Chest X-ray of a child with MAS treated with VV
ECMO. The large VV ECMO catheter is noted with its tip
in the right atrium. MAS has caused asymmetrical coarse
reticulonodular change in the lungs
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abnormal bronchial reactivity, long after symptoms 
have resolved. It seems likely, therefore, that the de-
veloping respiratory tract is vulnerable to damage
by many insults, and the nonspecific response is ab-fi
normal bronchial hyper-reactivity and limitation of 
airfl ow (fl Mok and Simpson 1984)

6.8
Conclusion

Meconium aspiration syndrome is a common neo-
natal problem with signifi cant morbidity and mor-fi
tality. It frequently leads to respiratory failure and 
even death. One third of the infants affected require
ventilatory support, and a significant portion will fi
die. MAS is the primary cause of lung disease in
infants requiring ECMO oxygenation, and this de-
spite signifi cant advances in management. Initially fi
emphasis should be placed on prevention and all
MSAF-complicated pregnancies should be carefully 
monitored: in each case the obstetrician should per-
form thorough oropharyngeal suctioning as soon 
as the infant’s head is in the perineum, when the
paediatrician should perform thorough pharyngeal 
suctioning.

Endotracheal intubation and endotracheal suc-
tion should be restricted to those depressed infants
who require positive pressure ventilation. Although 
there are no prospective randomised control tri-
als assessing the effects of various mechanisms of 
mechanical ventilator strategies in the management 
of MAS, the use of surfactant and of inhaled NO 
appears to have significantly reduced the need forfi
ECMO in the management of MAS.

Radiology has a crucial role in the management of 
these complex patients, and it is important to be ac-
quainted with all forms of clinical management and 
their potential radiological complications.
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