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Meconium aspiration syndrome occurs in approxi-
mately 5% to 25% of neonates delivered through meco-
nium-stained amniotic fluid; severe disease requiring me-
chanical ventilation develops in as many as 30% of cases.1

Its clinical spectrum ranges from transient symptoms to
severe and persistent pulmonary hypertension. Review of
the obstetrics literature reveals a strong relationship be-
tween intrapartum fetal hypoxemia-ischemia and the de-
velopment of meconium aspiration syndrome. Rossi et al2

noted that fetal heart rate abnormalities, cesarean deliv-
ery for fetal indications, and fetal acidemia occurred
more often with meconium aspiration syndrome. Ramin
et al3 reported an inverse relationship between umbilical
pH at delivery and the risk of meconium aspiration syn-
drome in neonates delivered through meconium-stained

amniotic fluid. However, in this same study 55% of all
cases of meconium aspiration syndrome occurred with an
umbilical pH ≥7.20 at delivery. In fact, severe meconium
aspiration syndrome may occur without acidemia at de-
livery. Sunoo et al4 described 4 cases of severe meconium
aspiration syndrome after elective cesarean delivery with-
out any abnormal fetal heart rate pattern or evidence of
fetal compromise.

Although the association of “fetal distress” and meco-
nium aspiration syndrome has been extensively explored,
few studies have examined in detail those cases of meco-
nium aspiration syndrome without hypoxia-ischemia at
delivery. The purpose of this study was to compare the
clinical characteristics of meconium aspiration syndrome
cases with normal-acid base status and the clinical charac-
teristics of those with acidemia.

Methods

Neonates with meconium aspiration syndrome deliv-
ered at Hutzel Hospital between January 1, 1994, and De-
cember 31, 1998, were identified from medical records by
the code “meconium aspiration syndrome” (code 770.1,
International Classification of Diseases, Ninth Revision). Se-
vere meconium aspiration syndrome was defined as the
need for mechanical ventilation longer than 48 hours 
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OBJECTIVE: Our aim was to compare the clinical characteristics of meconium aspiration syndrome in cases
with pH ≥7.20 and in those with pH <7.20.
STUDY DESIGN: Medical records of diagnostic codes from the International Classification of Diseases,
Ninth Revision, were used to identify neonates with severe meconium aspiration syndrome who had been
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mechanical ventilator requirement of >48 hours. Clinical data including neonatal outcomes of cases of meco-
nium aspiration syndrome associated with umbilical pH ≥7.20 at delivery were compared with data on out-
comes of cases with pH <7.20.
RESULTS: During this 4-year study period, 4985 singleton term neonates were delivered through meco-
nium-stained amniotic fluid. Forty-eight cases met all study criteria, and pH values at delivery were as fol-
lows: pH ≥7.20, n = 29, and pH <7.20, n = 19. There were no differences between groups in the incidence of
clinical chorioamnionitis, in the presence of meconium below the vocal cords, or in birth weight. Neonates
with meconium aspiration syndrome and umbilical pH ≥7.20 at delivery developed seizures as often as those
with pH <7.20 (20.1% vs 21.1%; P = 1.0).
CONCLUSION: Normal acid-base status at delivery is present in many cases of severe meconium aspiration
syndrome, which suggests that either a preexisting injury or a nonhypoxic mechanism is often involved.
(Am J Obstet Gynecol 2001;184:1422-6.)
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in a neonate delivered through meconium-stained amni-
otic fluid for which no other cause of lung disease was
identified. Maternal and neonatal charts were reviewed
for confirmation of the diagnosis and pertinent clinical
data. Exclusion criteria were gestational age <37 weeks,
multiple gestations, or the presence of fetal structural
anomalies.

Cases of meconium aspiration syndrome were divided
into 2 groups on the the basis of the umbilical artery pH
at delivery: group 1, pH ≥7.20, and group 2, pH <7.20.
Demographic characteristics, clinical data (antenatal and
intrapartum factors), and neonatal outcomes were com-
pared between groups.

During the study period it was standard practice at our
institution to use electronic fetal monitoring and trans-
cervical amnioinfusion in all patients with meconium-
stained amniotic fluid. Standard care also included
oropharnygeal suctioning by the delivering personnel
and intratracheal suctioning by the pediatric resuscita-
tion team, who were present for all deliveries compli-
cated by meconium-stained amniotic fluid. After delivery
a segment of the umbilical cord was double-clamped and
arterial blood was collected with a heparinized syringe
that was immediately placed on ice and transported for
acid-base analysis. Analysis was performed with a com-
mercial blood gas evaluation system (model 278, CIBA-
Corning Diagnostics Corporation, Medfield, Mass).

Statistical analysis was performed with the SPSS statisti-
cal package (SPSS Inc, Chicago, Ill). Categoric variables

were compared with the Fisher exact test or by χ2 analysis,
and continuous variables were evaluated with the Student
t test or Mann-Whitney test where appropriate. A P value
< .05 was considered significant.

Results

During the 4-year study period, 22,588 live singleton in-
fants were born at term. Of these, 4985 (22.1%) were de-
livered through meconium-stained amniotic fluid and se-
vere meconium aspiration syndrome developed in 50
(0.2% of the total; 1.0% of cases with meconium-stained
amniotic fluid). Forty-eight cases had umbilical blood gas
results and met all study criteria, 29 with pH ≥7.20 (group
1) and 19 with pH <7.20 (group 2).

There were no differences in demographic or antena-
tal characteristics between groups (Table I). There were
also no differences in the rate of prenatal care, maternal
medical complications, or maternal substance abuse be-
tween groups. The incidence of thick meconium-stained
amniotic fluid (compared with “moderate” or “thin”) did
not differ between those with pH ≥7.20 and those with
pH <7.20 (91.7% [22/29] vs 93.8% [15/19]; P > .05).
However, group 2 neonates were more likely to have been
born by cesarean delivery (P = .006) and to have had ce-
sarean delivery because of fetal indications (P = .001).

Both 1-minute and 5-minute Apgar scores and umbili-
cal artery pH, carbon dioxide tension, and base excess
values were significantly different between groups (Table
II). Group 2 neonates were no more likely to have meco-

Table I. Demographic and antenatal characteristics of neonates with meconium aspiration syndrome and pH ≥7.2 
versus pH <7.2

Variable pH ≥7.2 (n = 29) pH <7.2 (n = 19) Statistical significance

Maternal age (y, mean ± SD) 25.1 ± 5.8 25.0 ± 7.8 NS
African American ethnicity (No., %) 26 (90%) 19 (100%) NS
Parity (median and range) 1 (0-5) 0 (0-3) NS
Gestational age (wk, median and range) 40 (37-44) 40 (37-42) NS
Clinical chorioamnionitis (No., %) 3 (10.3%) 2 (10.5%) NS
Cesarean delivery (No., %) 12 (41.4%) 16 (84.2%) P = .006
Fetal indications (No.)* 5 (41.3%) 13 (81%) P = .001
Labor arrest (No.)* 3 (25%) 2 (12.5%) NS
Other (No.)* 4 (33.3%) 1 (6.5%) NS

NS, Not significant.
*Expressed as percentage of cesarean deliveries.

Table II. Delivery characteristics between meconium aspiration syndrome in neonates with pH ≥7.2 versus pH <7.2

Variable pH ≥7.2 (n = 29) pH <7.2 (n = 19) Statistical significance

Birth weight (g, mean ± SD) 3264.7 ± 452.8 3388. 8 ± 511.9 NS
Meconium below cord (No., %) 20 (71%) 10 (56%) NS
Apgar score (median and range)

At 1 min 7 (1-9) 4 (1-8) P = .008
At 5 min 8 (6-9) 7 (5-9) P = .005

Umbilical artery pH (mean ± SD) 7.28 ± 0.05 7.09 ± 0.07 P < .001
Umbilical artery carbon dioxide tension (mean ± SD) 46.3 ± 8.2 70.4 ± 13.9 P < .001
Umbilical artery base excess (mean ± SD) –6.1 ± 3.4 –10.7 ± 3.2 P < .001

NS, Not significant.
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nium below the vocal cords (71% vs 56%; P = .4). No
neonate in either group died. There were also no cases of
intraventricular hemorrhage or necrotizing enterocolitis.
All measures of neonatal outcome, such as the need for
phototherapy, neonatal sepsis, and duration of oxygen
therapy, were similar between groups. There were also no
differences in the duration of neonatal intensive care, in
the need for ventilator therapy, or in the development of
seizures (Table III).

Comment

Although current paradigms promote hypoxia-isch-
emia as a major causative factor in the development of
meconium aspiration syndrome,5 evidence of fetal com-
promise at delivery is absent in many cases. Of the 48
cases of severe meconium aspiration syndrome evaluated
in this study, 29 (60%) had an umbilical artery pH ≥7.20
at delivery, which is similar to that found by Nathan et al.6

The incidence of severe meconium aspiration syndrome
in our population (1% of meconium-stained amniotic
fluid) is slightly higher than that reported by Hernandez
et al7 (0.5% of meconium-stained amniotic fluid) but
lower than that of Rossi et al2 (2.9% of meconium-stained
amniotic fluid). Meconium was absent below the vocal
cords in 29% (pH ≥7.2) and 44% (pH <7.20) of cases 
(P = .4). In all cases optimal obstetric interventions (am-
nioinfusion and oropharnygeal suctioning) and pediatric
interventions (intratracheal suctioning) were reportedly
performed. These findings are consistent with other re-
ports of treatment failure and with the concept that
chronic prenatal processes may be involved in severe
cases, rather than meconium aspiration syndrome’s
being solely the sequela of either aspiration or mechani-
cal obstruction, or both.8, 9 Other than the rate of ce-
sarean delivery and the need for operative delivery for
fetal indications, there were no significant differences in
antenatal or intrapartum characteristics between pH
groups. In fact, neonatal outcomes, including the devel-
opment of seizures, were similar.

What are the implications of our findings? One expla-
nation is that a hypoxic-ischemic insult, either prolonged
or severe, occurred and then resolved before the intra-
partum period. This may explain the 17% (5/29) ce-
sarean delivery rate for fetal indications of meconium as-
piration syndrome associated with pH ≥7.20 at delivery.
Because of such an insult, these fetuses may have a de-
creased tolerance for the intrapartum process and may

decompensate at lesser degrees of stress.10 Our study was
retrospective, so we were unable to rule out the potential
bias of a lower physician threshold for abdominal delivery
in the presence of meconium-stained amniotic fluid.

An alternative explanation is that other mechanisms,
not related to fetal oxygenation or acid-base status, were
involved. Meconium has both vasoactive and inflamma-
tory properties that may cause pulmonary or vascular ef-
fects.11, 12 Both in vivo and clinical studies have docu-
mented the ability of meconium and bile acids, a key
component of meconium, to cause vasospasm and vascu-
lar damage.13, 14 Cytokine-mediated inflammatory injury
is another potential mechanism.15 Neonates with meco-
nium-staining at delivery have higher interleukin 6 lev-
els,16 and meconium has been shown to alter white blood
cell chemotaxis by means of interleukin 8.17 Although
there is an association between infection and meconium
staining,18, 19 there are few data on the role of infection in
meconium aspiration syndrome. Finally, the association
of fetal vasculopathy and meconium aspiration syndrome
suggests that vascular injury caused by thrombophilic dis-
orders is another potential mechanism that requires fur-
ther investigation.20-22

Although fetal acidemia in term pregnancies may be
defined as an umbilical artery pH <7.15, 23 we chose to
use a value of <7.20 to allow comparison of our results
with prior studies that used this threshold. However, the
use of a pH threshold of 7.15 would not have significantly
altered our results. We included cases of meconium aspi-
ration syndrome requiring ventilator therapy longer than
48 hours to ensure that truly pathologic cases were stud-
ied. Both anecdotal experience and a review of the litera-
ture on meconium aspiration syndrome make this dis-
tinction relevant. There is no uniform definition of
meconium aspiration syndrome; various criteria, from ra-
diographic signs to the presence of meconium below the
vocal cords, are often key components of the diagnosis.
Furthermore, with a wide disease spectrum, comparison
between neonates with very mild symptoms, such as a
transient need for oxygen, and those requiring ventilator
therapy may account for some of the lack of clarity in the
literature.

As previously stated by Naeye,24 there is a strong need
for a more comprehensive and detailed analysis of meco-
nium aspiration syndrome. The cause and potential
chronicity of factors leading to meconium aspiration syn-
drome may be better understood with a combination of

Table III. Neonatal outcomes of meconium aspiration syndrome in neonates with pH ≥7.2 versus pH <7.2

Variable pH ≥7.2 (n = 29) pH <7.2 (n = 19) Statistical significance

Neonatal intensive care (d, median and range) 5 (2-17) 5 (2-14) NS
Ventilator use (d, median and range) 3 (2-12) 3 (2-11) NS
Seizures (No., %) 6 (20.7%) 4 (21.1%) NS

NS, Not significant.
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placental examination and measurements of biochemical
markers of fetal hypoxemia (acute and chronic), fetal in-
flammatory responses, and maternal-fetal coagulation.

There are possible medicolegal implications to our
findings. Intrapartum mismanagement is often alleged in
meconium aspiration syndrome.25 Normal acid-base sta-
tus at delivery, even in cases with associated neurologic in-
jury, suggests that either a preexisting injury or a nonhy-
poxic mechanism, rather than an intrapartum event, is
involved in many cases of meconium aspiration syn-
drome.

REFERENCES

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

2. Rossi EM, Phillipson EH, Williams TG, Kalhan SC. Meconium as-
piration syndrome: intrapartum and neonatal attributes. Am J
Obstet Gynecol 1989;161:1106-11.

3. Ramin KD, Leveno KJ, Kelly MA, Carmody TJ. Amniotic fluid
meconium: a fetal environmental hazard. Obstet Gynecol
1996;87:181-4.

4. Sunoo C, Kosasa TS, Hale RW. Meconium aspiration syndrome
without evidence of fetal distress in early labor before elective ce-
sarean delivery. Obstet Gynecol 1989;73:707-9.

5. Katz VL, Bowes WA. Meconium aspiration syndrome: reflections
on a murky subject. Am J Obstet Gynecol 1992;166:171-83.

6. Nathan L, Leveno KJ, Carmody TJ, Kelly MA, Sherman ML.
Meconium: a 1990s perspective on an old obstetric hazard. Ob-
stet Gynecol 1994;83:329-32.

7. Hernandez C, Little BB, Dax JS, Gilstrap LC, Rosenfeld CR. Pre-
diction of the severity of meconium aspiration syndrome. Am J
Obstet Gynecol 1993;169:61-70.

8. Thureen PJ, Hall DM, Hoffenberg A, Yson RW. Fatal meconium
aspiration in spite of appropriate perinatal airway management:
pulmonary and placental evidence of prenatal disease. Am J Ob-
stet Gynecol 1997;176:967-75.

9. Davis RO, Philips JB, Harris BA, Wilson ER, Huddleston JF. Fatal
meconium aspiration syndrome occurring despite airway man-
agement considered appropriate. Am J Obstet Gynecol 1985;
151:731-6.

10. Goodlin RC. Do concepts of causes and prevention of cerebral
palsy require revision? Am J Obstet Gynecol 1995;172:1830-6.

11. Soukka HR, Kaapa PO, Kero PO. Meconium aspiration induces
non-hypoxic pulmonary vasoconstriction in pigs [abstract
2090A]. Pediatr Res 1995;37:351A.

12. Davey AM, Becker JD, Davis JM. Meconium aspiration syn-
drome: physiological and inflammatory changes in a newborn
piglet model. Pediatr Pulmonol 1993;16:101-8.

13. Altshuler G, Arizawa M, Molnar-Nadasdy G. Meconium-induced
umbilical cord vascular necrosis and ulceration: a potential link
between the placenta and poor pregnancy outcome. Obstet Gy-
necol 1992;79:760-6.

14. Sepulveda WH, Gonzalez C, Cruz MA, Rudolph MI. Vasocon-
strictive effect of bile acids on isolated human placental chori-
onic veins. Eur J Obstet Gynecol Reprod Biol 1991;42:211-5.

15. Jones CA, Cayabyah RG, Hamden H. Early production of proin-
flammatory cytokines in the pathogenesis of neonatal adult res-
piratory distress syndrome (ARDS) associated with meconium
aspiration. Pediatr Res 1994;41:339A.

16. Hsieh TT, Hsieh CC, Hung TH, Chiang CH, Yang FP, Pao CC.
Differential expression of interleukin-1β and interleukin-6 in
human fetal serum and meconium-stained amniotic fluid. J Re-
prod Immunol 1998;37:155-61.

17. Beaufort AJ, Pelikan DMV, Elferink JGR, Berger HM. Effect of
interleukin 8 in meconium on in-vitro neutrophil chemotaxis.
Lancet 1998;352:102-5.

18. Romero R, Hanaoka S, Mazor M, Athanassiadis AP, Callahan R,
Hsu YCH, et al. Meconium-stained amniotic fluid: a risk factor

for microbial invasion of the amniotic cavity. Am J Obstet Gy-
necol 1991;164:859-62.

19. Piper HM, Newton ER, Berkus MD, Peairs WA. Meconium: a
marker for peripartum infection. Obstet Gynecol 1998;91:741-5.

20. Sergi C, Stein KM, Beedgen B, Zilow E, Linderkamp O, Otto HF.
Meconium aspiration syndrome complicated by massive in-
travascular thrombosis. Am J Perinatol 1998;15:375-9.

21. Kaspar HG, Abu-Musa A, Hannoun A, Seod M, Shammas M,
Usta I, et al. The placenta in meconium-staining: lesions and
early neonatal outcomes. Clin Exp Obstet Gynecol 2000;28:63-6.

22. Kearney MS. Chronic intrauterine meconium aspiration causes
fetal lung infarcts, lung rupture, and meconium embolism. Pe-
diatr Dev Pathol 1999;2:544-51.

23. American College of Obstetricians and Gynecologists. Umbilical
artery blood acid-base analysis. Washington: The College; 1995.
Technical Bulletin No.: 216.

24. Naeye R. Can meconium in the amniotic fluid injure the fetal
brain? Obstet Gynecol 1995;86:720-4.

25. Stalnaker BL, Maher JE, Kleinman GE, Macksey JM, Fishman
LA, Bernard JM. Characteristics of successful claims for payment
by the Florida Neurologic Injury Compensation Association
Fund. Am J Obstet Gynecol 1997;177:268-73.

Discussion
DR R.J. CARPENTER, JR, Houston, Texas. The presenta-

tion by Blackwell and colleagues asks a basic question:
What are the outcomes of meconium aspiration syn-
drome in those infants who do and those infants who do
not have normal acid-base status? Their conclusion of no
difference in the outcomes raises important issues for the
practicing obstetrician: documentation of the labor
course, interpretation of placental pathologic changes,
and evaluation of obstetric management.

The authors correctly state that there is no uniform
definition of meconium aspiration syndrome. However,
despite meconium passage, when meconium is not noted
at intubation, how do they justify stating that the ultimate
outcome is meconium aspiration syndrome? The under-
lying pathologic change frequently consists of persistent
pulmonary hypertension of the newborn. This condition
may be found in the absence of meconium passage or
meconium aspiration and is the process frequently caus-
ing the adverse neonatal outcome. Many of the authors’
references clearly support the concept that babies who
die early in the neonatal period (at <48 hours) have pul-
monary artery changes that predate the onset of labor
and delivery.

Despite the similarity of the groups, what was the rea-
son for a 41% incidence of cesarean delivery in the
nonacidotic group? What were the results of electronic
fetal monitoring in their groups? Were there differences
in the monitoring strips, and if so, how did they compare
and contrast? After amnioinfusion, what changes, if any,
occurred, and did they differ between group 1 and
group 2?

Because amnioinfusion was used in all cases of meco-
nium passage, what was the incidence of light versus thick
meconium in the two populations? How did that com-
pare with findings after neonatal intubation?

The intent of this research was to look at outcomes in
two populations; however, the outcomes listed in Tables II
and III include minimal information concerning the
morbidity and mortality rates for the subjects. With the
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potential difficulties of long-term follow-up in the entire
population, what data do the authors have concerning
neurologic outcomes in the first year of life? Was any at-
tempt made to look at these issues? From my perspective,
this comparison would substantially affect the “take
home” message that there is or is not a difference in the
outcomes for these two groups.

Last, not for the authors but for obstetric caregivers,
several important points are addressed in the literature
cited, as well as in other sources not cited. These points
include the need for the caregiver to acquire cord gas
measurements and to ensure the submission of the pla-
centa in any case in which an adverse outcome is present.
Because some of these babies are not acutely sick at birth,
a means should be in place to allow for the recovery of
placentas (with refrigeration for 24-48 hours) and per-
haps for short-term storage of cord segments, which the
Mississippi group has clearly shown can be analyzed in a
post hoc manner to give reliable data of cord pH at deliv-
ery.

DR BLACKWELL (Closing). I thank Dr Carpenter for his
review of our work and comments. One of the important
concepts that he emphasized is the issue of neurologic
outcomes. The only neurologic outcome that we were
able to use in this study was the development of neonatal
seizures within the first 72 hours of life. In discussions
with our neonatology colleagues and with those in the pe-
diatric neurologic developmental clinics at our institu-
tion, I was surprised to learn that unless a neonate with
meconium aspiration syndrome develops seizures or re-
quires extracorporeal membrane oxygenation, it is not
routine policy to follow these children longitudinally.

Despite an association between meconium staining
and adverse neurologic outcomes in the literature, ade-
quate studies of the long-term neurologic outcome of
meconium aspiration are lacking. The patients in our
study were delivered between 1994 and 1997, and the
neonates are now 3 to 6 years old. We would very much
like to find these children and evaluate how they are
doing, but with our patient population it would be diffi-
cult to find a significant number after so many years.

Answering many of the scientific questions that were

raised with our study would require a prospective obser-
vation study combining a comprehensive biologic evalua-
tion with follow-up of clinical outcomes. Furthermore,
this study would have to be large and to involve a high-
risk population, because it took 4 years and approxi-
mately 20,000 deliveries to produce 50 cases of severe
meconium aspiration syndrome.

Another issue raised by Dr Carpenter was our interest
in “meconium aspiration syndrome” rather than “persis-
tent pulmonary hypertension of the newborn.” Pul-
monary hypertension is one end product of the disease
process of meconium aspiration syndrome, as premature
birth is one end product of intrauterine infection. It is
true that severe pulmonary hypertension occurs with
clear amniotic fluid (at a much lower rate), although I hy-
pothesize that the primary mechanisms involved are dif-
ferent. However, for a better understanding of the mech-
anisms of meconium-associated lung disease, all causes of
pulmonary hypertension would need to be studied. The
associations among neurologic injury, meconium stain-
ing, and meconium aspiration are another compelling
reason for the focus of our study, rather than focusing on
the end product of lung disease. Thus I am primarily in-
terested in meconium aspiration, rather than pulmonary
hypertension.

The final question is about the fetal heart rate pat-
terns. Finding the appropriate intrapartum fetal heart
rate tracings as far back as 1994, after they had been in a
warehouse for several years, was difficult. I have found
tracings for some cases, but the data collected were, I be-
lieve, insufficient to make statistical comparisons between
the two groups. However, I can make some preliminary
comments. In both groups, when cesarean delivery was
contemplated for fetal indications, it was rarely for a pure
fetal bradycardia; more often than not, it was for repeti-
tive, “atypical” or severe variable decelerations or persis-
tent late decelerations. I do believe that it would be inter-
esting to study the fetal heart rate patterns for the entire
cohort of patients with meconium aspiration and make
comparisons on the basis of umbilical pH, the need for
cesarean delivery for fetal indications, and the develop-
ment of early-onset seizures.


