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of the documented eradication of hepatitis A by
vaccination.
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Meconium Aspiration Syndrome — 
More Than Intrapartum Meconium

 

Michael G. Ross, M.D., M.P.H.

 

Meconium, the fecal material that accumulates in
the fetal colon throughout gestation, is a term de-
rived from the Greek 

 

mekoni,

 

 meaning poppy juice
or opium. Beginning with Aristotle’s observation
of the association between meconium staining of
the amniotic fluid and a sleepy fetal state

 

1

 

 or neo-
natal depression, obstetricians have been concerned
about fetal well-being in the presence of meconium-
stained amniotic fluid.

The passage of meconium normally occurs with-
in the first 24 to 48 hours after birth. However, the
passage of fetal meconium, resulting in meconium-
stained amniotic fluid, occurs in approximately 12
percent of all deliveries. The meconium aspiration
syndrome, associated with aspiration or perhaps
diffusion of meconium into the fetal airways, oc-
curs in 5 percent of these infants. Of infants in
whom the meconium aspiration syndrome devel-
ops, more than 4 percent die,
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 accounting for 2 per-
cent of all perinatal deaths. The meconium aspira-
tion syndrome is manifested by newborn respiratory
compromise, with tachypnea, cyanosis, and re-
duced pulmonary compliance. Persistent pulmo-
nary hypertension due to increased pulmonary vas-
cular resistance may accompany the meconium
aspiration syndrome; there is an increased preva-
lence of asthmatic symptoms and abnormal bron-
chial reactivity among survivors of the syndrome.
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When aspirated into fetal lungs, meconium par-

ticles mechanically obstruct the small airways.
Meconium or the chemical pneumonitis it causes
inhibits surfactant function, and inflammation of
lung tissue contributes further to small-airway ob-
struction. Acute intrapulmonary meconium con-
tamination induces a concentration-dependent pul-
monary hypertensive response,
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 with 15 to 20
percent of infants with the meconium aspiration
syndrome demonstrating persistent pulmonary hy-
pertension.
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 However, evidence of a long-term pro-
cess of muscularization of distal pulmonary arte-
rioles in infants with the meconium aspiration
syndrome who died suggests that factors other than
meconium aspiration (e.g., chronic hypoxemia)
may contribute to the pulmonary symptoms. Me-
conium may also stimulate the constriction and
necrosis of umbilical vessels and the production of
thrombi, although the clinical relevance of these
effects is uncertain. The passage of meconium in
utero occurs primarily in situations of advanced fe-
tal maturity or fetal stress. Most infants who are de-
livered with meconium-stained amniotic fluid are
37 weeks of gestation or older; meconium rarely
appears in amniotic fluid before 32 weeks of gesta-
tion. Fetal hypoxic stress may stimulate colonic ac-
tivity, resulting in the passage of meconium, and
also may stimulate fetal gasping movements that
result in meconium aspiration.

Amnioinfusion, the injection of fluid into the
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amniotic cavity, was originally devised as a thera-
peutic maneuver for umbilical-cord compression
that results in variable decelerations in fetal heart
rate during labor. Individual studies and meta-
analyses
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 have shown significant reductions in the
incidence of decelerations in fetal heart rate when
therapeutic amnioinfusion is performed for the
indication of variable decelerations. In turn, there
also have been significant reductions in the rates of
cesarean section for suspected fetal compromise
and hospital lengths of stay.

Because compression of the umbilical cord oc-
curs more frequently when there is a reduced vol-
ume of amniotic fluid, prophylactic amnioinfusion
for such patients (i.e., those with oligohydramnios)
was subsequently advocated to prevent decelera-
tions in fetal heart rate and to improve outcome.
Although prophylactic amnioinfusion for oligohy-
dramnios has been shown to have efficacy when
compared with no amnioinfusion, prophylactic am-
nioinfusion has no benefit over therapeutic amnio-
infusion in cases of variable decelerations in fetal
heart rate.

 

8

 

 Because the passage of meconium in
utero is often associated with oligohydramnios and
has the associated risk of the meconium aspiration
syndrome, prophylactic amnioinfusion has been
advocated to increase the volume of amniotic fluid
and to dilute or wash out the meconium. Several
small studies have suggested a benefit associated
with amnioinfusion in patients with meconium-
stained amniotic fluid,
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 although other studies have
not shown a clinical benefit.
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In this issue of the 

 

Journal,

 

 Fraser et al. report the
results of an ambitious international, multicenter,
randomized trial involving nearly 2000 women in
labor (in 13 countries) with thick meconium stain-
ing of the amniotic fluid.
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 Prophylactic amnioin-
fusion resulted in no reduction in the rate of mod-
erate or severe meconium aspiration syndrome
(4.4 percent of infants of women in the amnioin-
fusion group vs. 3.1 percent of those in the con-
trol group), perinatal death (0.5 percent in both
groups), or cesarean delivery (31.8 percent in the
amnioinfusion group vs. 29.0 percent in the con-
trol group). Fraser et al. conclude that meconium
staining of the amniotic fluid is not an indication
for amnioinfusion for women in labor.

Given previous data suggesting a benefit to am-
nioinfusion in cases where there are variable decel-
erations in fetal heart rate, Fraser et al. also looked
explicitly at the subgroup of women (19 percent of

the total group) who presented with a minimum of
three variable decelerations in fetal heart rate during
the 30 minutes before randomization. No benefit
was observed in this subgroup, but as the authors
acknowledge, this analysis was underpowered.
Fraser et al. note that fetal heart-rate abnormalities
requiring clinical intervention developed in an ad-
ditional 14 percent of patients in both the amnioin-
fusion and control groups, but the authors do not
provide information on the effects of amnioinfu-
sion in this subgroup.

There are several possible explanations for the
failure of amnioinfusion to prevent the meconium
aspiration syndrome. It is likely that most infants
in whom this syndrome develops have meconium
in the tracheobronchial tree before presentation in
labor; amnioinfusion would not prevent meconium
aspiration under these circumstances. Some infants
with the diagnosis of the meconium aspiration syn-
drome have evidence of long-standing stress, in-
cluding neonatal pulmonary hypertension and vas-
cular hypertrophy. These findings reflect processes
occurring over a period of days or longer, not sim-
ply the hours of labor,
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 and would not be affected
by dilution of meconium in the amniotic fluid dur-
ing labor. In addition, the risk of the meconium as-
piration syndrome is particularly high in cases in
which there is not only thick meconium but also
hypoxia in utero, as reflected by low Apgar scores at
five minutes. In the study by Fraser et al., less than
3 percent of all newborns had a five-minute Apgar
score below 7. It is likely that the close observation
of fetal heart patterns and interventions for sus-
pected fetal compromise for patients in both study
groups contributed to a low incidence of newborns
with asphyxia.

Given the lack of benefit of amnioinfusion in
the study by Fraser et al., what might the clinician
do to prevent the meconium aspiration syndrome?
Although routine intrapartum oropharyngeal and
nasopharyngeal suctioning of term infants born
through meconium-stained amniotic fluid is a
mainstay of current therapy, it has recently been
shown not to prevent the meconium aspiration
syndrome.
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 Better understanding of how the mat-
uration of the motility of the fetal colon accounts
for the timing of the passage of meconium and its
stimulation by fetal stress (thought to be mediated,
in part, by means of the hypoxia-induced release of
placental corticotropin-releasing factor
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) ultimate-
ly may lead to future therapeutic interventions.

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
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A reduction in the rate of post-term delivery was
reported to be the most important factor underly-
ing a decrease, by a factor of nearly four, in the inci-
dence of the meconium aspiration syndrome from
1990 to 1998.
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 This probably can be explained by
reductions in the number of infants passing meco-
nium (in association with advanced maturity) and
in the rate of intrauterine hypoxia (for which the
risk is increased in post-term pregnancies). Al-
though current standards of care involve the initia-
tion of antepartum fetal monitoring and consid-
eration of induction of labor by 42 weeks of
gestation,
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 protocols for the earlier initiation of
fetal monitoring (e.g., by 40 weeks) and the earlier
induction of labor (e.g., by 41 weeks) may ultimate-
ly prove to be beneficial for the prevention of the
meconium aspiration syndrome. In the meantime,
the article by Fraser et al. provides strong evidence
that amnioinfusion is not warranted to prevent this
syndrome in women with thick meconium stain-
ing of the amniotic fluid.

 

From Harbor–UCLA Medical Center and the David Geffen School
of Medicine at UCLA — both in Los Angeles.

 

1.

 

Grand RJ, Watkins JB, Torti FM. Development of the human
gastrointestinal tract: a review. Gastroenterology 1976;70:790-810.

 

2.

 

Wiswell TE, Tuggle JM, Turner BS. Meconium aspiration syn-
drome: have we made a difference? Pediatrics 1990;85:715-21.

 

3.

 

Macfarlane PI, Heaf DP. Pulmonary function in children after
neonatal meconium aspiration syndrome. Arch Dis Child 1988;63:
368-72.

 

4.

 

Yuksel B, Greenough A, Gamsu HR. Neonatal meconium aspi-

ration syndrome and respiratory morbidity during infancy. Pediatr
Pulmonol 1993;16:358-61.

 

5.

 

Holopainen R, Soukka H, Halkola L, Kaapa P. Meconium aspi-
ration induces a concentration-dependent pulmonary hypertensive
response in newborn piglets. Pediatr Pulmonol 1998;25:107-13.

 

6.

 

Hsieh TK, Su BH, Chen AC, Lin TW, Tsai CH, Lin HC. Risk fac-
tors of meconium aspiration syndrome developing into persistent
pulmonary hypertension of newborn. Acta Paediatr Taiwan 2004;
45:203-7.

 

7.

 

Hofmeyr GJ. Amnioinfusion for umbilical cord compression in
labour. Cochrane Database Syst Rev 2000;2:CD000013.

 

8.

 

Ogundipe OA, Spong CY, Ross MG. Prophylactic amnioinfu-
sion for oligohydramnios: a reevaluation. Obstet Gynecol 1994;84:
544-8.

 

9.

 

Hofmeyr GJ. Amnioinfusion for meconium-stained liquor in la-
bour. Cochrane Database Syst Rev 2002;1:CD000014.

 

10.

 

Spong CY, Ogundipe OA, Ross MG. Prophylactic amnioinfu-
sion for meconium-stained amniotic fluid. Am J Obstet Gynecol
1994;171:931-5.

 

11.

 

Fraser WD, Hofmeyr J, Lede R, et al. Amnioinfusion for the pre-
vention of the meconium aspiration syndrome. N Engl J Med 2005;
353:909-17.

 

12.

 

Rabinovitch M. Structure and function of the pulmonary vascu-
lar bed: an update. Cardiol Clin 1989;7:227-38.

 

13.

 

Vain NE, Szyld EG, Prudent LM, Wiswell TE, Aguilar AM, Vivas
NI. Oropharyngeal and nasopharyngeal suctioning of meconium-
stained neonates before delivery of their shoulders: multicentre,
randomised controlled trial. Lancet 2004;364:597-602.

 

14.

 

Ahanya SN, Lakshmanan J, Morgan BL, Ross MG. Meconium
passage in utero: mechanisms, consequences, and management.
Obstet Gynecol Surv 2005;60:45-56.

 

15.

 

Yoder BA, Kirsch EA, Barth WH, Gordon MC. Changing obstet-
ric practices associated with decreasing incidence of meconium as-
piration syndrome. Obstet Gynecol 2002;99:731-9.

 

16.

 

Clinical management guidelines for obstetricians-gynecolo-
gists. ACOG practice bulletin number 55, September 2004 (replaces
practice pattern number 6, October 1997): management of post-
term pregnancy. Obstet Gynecol 2004;104:639-46.

 

Copyright © 2005 Massachusetts Medical Society.

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by JOHN VOGEL MD on September 30, 2009 . 




