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Abstract  Meconium staining of amniotic fluid occurs in 10-15% deliveries and meconium aspiration syndrome 
occurs in 5% of those deliveries. Aspiration of meconium into the trachea results in various short and long term 
morbidities and variable mortality. These can be prevented by timely interventions before and after delivery. Aim of 
this study was to identify the neonatal factors associated with meconium aspiration syndrome and factors associated 
with mortality in these babies. The study included all babies admitted for meconium staining of amniotic fluid 
during the period of August 2013 till December 2014. Meconium aspiration syndrome was diagnosed if respiratory 
distress occurred immediately to within 24 hours after birth in a meconium stained baby, with radiological evidence 
of aspiration into the lungs and need for supplemental oxygen, after exclusion of other causes of respiratory distress. 
Data was analyzed by SPSS version 19 and presented as actual numbers and percentages. Associated factors were 
presented as Odds Ratio (OR) and 95% Confidence Interval. Chi-square test was done where applicable and a p-
value <0.05 was taken as significant. Meconium aspiration syndrome was diagnosed in 50 out of 78 admitted 
newborns. Factors associated with meconium aspiration syndrome were respiratory distress starting immediately 
after birth, admission Downe score >4 and abnormal chest x-ray findings. Factors associated with mortality were 
small for gestational age newborns, 5 minute APGAR score <7, severe hypoxic ischemic encephalopathy, 
requirement for bag-mask ventilation and chest compression at birth and need for assisted ventilation. Neonatal 
morbidity and mortality in meconium aspiration syndrome is preventable by proper antenatal care and timely 
intervention after birth. Meconium-stained babies should be aggressively managed to prevent complications like 
perinatal asphyxia and respiratory failure which contribute to the mortality. Those babies having risk for adverse 
outcome should be managed with special focus on respiratory care with use of assisted ventilation and inhaled nitric 
oxide and extracorporeal membrane oxygenation, where available.  
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1. Introduction 
Meconium staining of amniotic fluid complicates ~10-

15% of deliveries primarily occurring in term and post-
term deliveries [1]. It is rare before 34 weeks of gestation 
[2]. Meconium aspiration syndrome (MAS) occurs in 5% 
of those deliveries and ~30-50% require assisted 
ventilation [1,2,3]. MAS is associated with adverse 
perinatal outcome with mortality occurring in 3-5%. In 
recent years there has been a decline in the mortality due 
to improved obstetric practice and neonatal intensive care 
management. Our aim was to identify the neonatal factors 
associated with MAS and factors associated with adverse 
outcome in these babies.  

2. Methodology 

2.1. Study Setting and Period 

This study was conducted in the Neonatal Intensive 
Care Unit (NICU) of a tertiary care hospital of Western 
Nepal from August 2013 till December 2014.  

2.2. Inclusion and Exclusion Criteria 
We included all newborns ≥ 37 weeks of gestation 

admitted to NICU with history of meconium-staining of 
amniotic fluid in the study.  

Babies born at < 37 completed weeks of gestation, 
absence of meconium in the amniotic fluid, respiratory 
distress due to other etiologies and presence of major 
congenital anomalies were excluded.  

2.3. Data Collection  
Details like gestational age, weight, type of delivery, 

APGAR scores at 1 and 5 minutes, consistency of 
meconium, details of resuscitation, tracheal suctioning, 
onset of respiratory distress, severity of perinatal asphyxia 
and radiological findings in the groups with and without 
MAS were collected. The consistency of meconium was 
divided into thick (opaque or “pea-soup like”) and thin 
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(watery). Tracheal suctioning was done under direct 
laryngoscopic visualization if the baby was non-vigorous 
after birth, irrespective of the consistency of meconium. 
APGAR score at 1 and 5 minutes after birth was noted. 
Perinatal asphyxia (PA) was defined if baby failed to 
initiate spontaneous breathing at birth and was classified 
into severe (APGAR <3) and moderate (APGAR 4-6) at 1 
minute after birth. Hypoxic ischemic encephalopathy (HIE) 
was staged according to Sarnat and Sarnat staging into 
mild, moderate and severe [4]. MAS was diagnosed if 
respiratory distress was present with radiological findings 
suggestive of meconium aspiration and need for 
supplemental oxygen, after exclusion of other causes for 
respiratory distress. Severity of respiratory distress was 
assessed using Downe score at the time of NICU 
admission. 

2.4. Outcome Variable 
In outcome, we tried to ascertain the various factors 

associated with MAS in babies born out of meconium-
stained amniotic fluid. Then we tried to find out the 
factors associated with mortality in these babies.  

2.5. Approval of Ethical Committee  
Prior to commencing the study, ethical clearance was 

taken from the hospital ethical board. Written consent was 
taken from the guardians before undertaking the study. 

2.6. Statistical Analysis  
Statistical analysis was done by SPSS version 19. Data 

were presented as Odds ratio (OR) and 95% Confidence 

Interval (CI). Chi-square test was done where applicable 
and a value of <0.05 was taken as significant.  

2.7. Sample Size Calculation 
A pilot study was done prior to the study which showed 

proportion of abnormal chest x-ray in meconium 
aspiration syndrome cases was 0.9 and that in normal 
cases was 0.3. So with power 80%, significance level 5% 
and estimated risk difference 0.6; sample size required 
was 9 per group [5]. 

3. Results 
Out of 4415 deliveries, meconium staining of amniotic 

fluid was seen in 595 (13.4%); 78 babies required 
admission to the Neonatal Intensive Care Unit. Male: 
female ratio was 1.68:1. Among them, 36 (46.2%) babies 
were born post-date and 15 (19.2%) were small for 
gestational age. Baby was born by vaginal delivery in 47 
(60.3%) and cesarean delivery in 31 (39.7%) cases. Thick 
meconium was seen in 56 (71.8%) while in 22 (28.2%) 
cases it was thinly stained. Endotracheal suctioning was 
required in 46 (59%) cases; 67.9% of thick meconium and 
36.4% of thin meconium stained babies. Respiratory 
distress was present immediately after birth in 63 (80.8%) 
cases while in 15 (19.2%) after 3 hours of birth. Chest x-
ray showed evidence of meconium aspiration with or 
without complication in 55 (70.5%). MAS was diagnosed 
in 50 babies (1.13% of total deliveries; 8.4% of babies 
born through meconium-stained liquor). Table 1 shows the 
baseline demographics of babies with and without MAS. 

Table 1. Characteristics of Neonates with Meconium Aspiration Syndrome and Meconium Stained Amniotic Fluid 
Characteristics MSAF* with MAS# MSAF* without MAS# P value 

Cases 50 (64%) 28 (36%)  

M:F ratio 1.63:1 1.8:1  

Gestation (±SD) days 278.7 (±10.08) 279 (±8.74) .891 

Postdatism 24 (48%) 12 (43%) .662 

Small for gestational age babies 13 (26%) 2 (7%) .043* 

Birth weight (±SD) gms 2893.60(±558) 2946.79 (±433.6) .642 

Vaginal delivery 27 (54%) 20 (71%) .131 

APGAR score    
1 min <7 35 (70%) 15 (53%) .147 
5 min <7 12 (24%) 4 (14%) .308 

Thick meconium 37 (74%) 19 (68%) .563 

Tracheal suctioning done 30 (60%) 16 (57%) .806 

Respiratory distress at 0 hr 46 (92%) 17 (60%) .001* 

Downe score >4 at admission 27 (54%) 3 (10%) .000* 

Abnormal chest X-ray 49 (98%) 6 (21%) .000* 

Mortality 7 (14%) 0 (.0%) .038* 
MSAF*: Meconium Stained Amniotic Fluid 
MAS #: Meconium Aspiration Syndrome 

Analysis of factors associated with MAS showed 
respiratory distress within first three hours after birth 
(OR= 7.44; 95% CI: 2.08-26.56), Downe score at 
admission >4 (OR=9.7; 95% CI: 2.6-36.6) and abnormal 
chest x-ray findings (OR=179; 95% CI: 20.40-1583) were 
significantly more in the group with MAS than in the non-
MAS group (Table 2). Postdatism, small for gestational 

age, vaginal delivery, thick consistency of meconium, 
tracheal suctioning and APGAR score <7 at 1 and 5 
minutes were not significantly more in MAS as compared 
to no MAS. Seventeen babies required assisted ventilation; 
7 (14% of MAS cases) were kept on nasal CPAP while 10 
(20% of MAS cases) required mechanical ventilation.  
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Table 2. Odds of Various Factors Associated with Meconium Aspiration Syndrome in Babies With Meconium-Stained Amniotic Fluid 
Variables MAS No MAS OR (95% CI) P value 

Small for gestational age 13 (26%) 2 (7%) 4.5 (0.95-21.9) 0.0581 
Postdatism 24 (48%) 12 (43%) 1.23(0.48-3.12) 0.6622 

Vaginal delivery 27 (54%) 20 (71%) 0.46 (0.17-1.26) 0.1348 
Thick meconium 37 (74%) 19 (68) 0.74 (0.27-2.04) 0.5637 

Tracheal suctioning done 30 (60%) 16 (57%) 1.12 (0.44-2.87) 0.8057 
1 min APGAR <7 35 (70%) 15 (53%) 2.02 (0.77-5.27) 0.1496 
5 min APGAR <7 12 (24%) 4 (14%) 1.89 (0.54-6.55) 0.3131 

Respiratory distress at 0 hr 46 (92%) 17 (60%) 7.44 (2.08-26.56) 0.0020* 
Downe score >4 at admission 27 (54%) 3 (10%) 9.7 (2.6-36.6) 0.0007* 

Abnormal chest X-ray 49 (98%) 6 (21%) 179 (20.40-1583) <0.0001* 
Seven (14%) babies with MAS died after admission. 

Risk factors for mortality were small for gestational age 
(OR=7.2; 95% CI: 1.42-37), 5 minute APGAR <7 
(OR=6.5; 95% CI:1.29-33.1), severe HIE (OR=5.9; 95% 
CI:1.11-31.3), requirement for chest compression 
(OR=25.8; 95% CI:3.31-201.7), bag-mask ventilation 
(OR=9.9; 95% CI:1.71-57.05) at the time of delivery and 

need for assisted ventilation, either bubble CPAP and /or 
mechanical ventilator after admission (OR=87.8; 95% 
CI:4.66-1656.2) (Table 3). Consistency of meconium, 
tracheal suctioning, Downe’s score at admission and 
duration of oxygen requirement did not significantly affect 
the outcome.  

Table 3. Odds of Various Factors Associated with Neonatal Mortality in Meconium Stained Amniotic Fluid 
Variables Died Survived OR (95% CI) p value 

Small for gestational age 4 (57%) 11 (15%) 7.2 (1.42-37) 0.0170* 
Postdatism 2 (28.6%) 34 (48%) 0.4 (0.07-2.39) 0.3389 

Vaginal delivery 3 (43%) 44 (62%) 0.46 (0.09-2.21) 0.3332 
Thick meconium 5 (71.4%) 51 (71.8%) 1.02 (0.18-5.69) 0.9820 

Tracheal suctioning 7 (100%) 39 (55%) 12.3 (0.67-224.3) 0.0894 
5 min APGAR <7 4 (57%) 12 (17%) 6.5 (1.29-33.1) 0.0230* 
Downe score >4 5 (71.4%) 25 (35%) 4.6 (0.83-25.4) 0.0804 

Oxygen requirement > 48 hrs 5 (71.4%) 52 (73%) 1.09 (0.19-6.1) 0.9179 
Severe HIE 3 (43%) 8 (11.3%) 5.9 (1.11-31.3) 0.0369* 

Chest compression 3 (43%) 2 (2.8%) 25.8 (3.31-201.7) 0.0019* 
Bag-Mask ventilation at delivery 3 (43%) 5 (7%) 9.9 (1.71-57.05) 0.0103* 

Need for assisted ventilation 7 (100%) 10 (14%) 87.8 (4.66-1656.2) 0.0028* 
Among the babies who died, 5 (71.4%) had thick 

meconium (p=0.982), tracheal suctioning (p=0.021) was 
done in all (100%) and all the cases had moderate to 
severe MAS (p=0.001). 

Discussions 
Meconium is a thick, green viscous substance 

composed of epithelial cells, vernix, lanugo, mucus, 
amniotic fluid, intestinal secretions, etc. Aspiration of 
meconium into the lungs results in a condition termed as 
meconium aspiration syndrome (MAS) leading to 
obstruction of the airways by meconium, loss of surfactant 
and chemical pneumonitis. The syndrome manifests as 
respiratory distress immediately or within a few hours 
after birth, hypoxemia, hypercapnia and acidosis. MAS 
can result in mortality in the newborn period or can have 
complications like persistent pulmonary hypertension, 
long term residual respiratory complications [2,6,7,8] and 
neurodevelopmental problems [2,8,9]. 

Our study found MAS prevalence of 8.4% in babies 
born with meconium stained amniotic fluid. A study 
conducted in our institute previously showed a prevalence 
of 8.5% [10]. Other studies have found rates as low as 
4.5% [11] to as high as 18% [12]. This probably reflects 
the level of antenatal care in different countries.  

Several studies have quoted postdatism [13,14,15] and 
small for gestational age [8,16] as being associated with 
MAS. In our study postdatism was seen in 36 (46.2%) 
cases but this was not statistically significant (p=0.66). 
Similarly small for gestational age was found in 15 
(19.2%) cases (p=0.05). Some studies have shown MAS 
to be more common in babies born through vaginal route 
[8,17,18] while there are other studies which show MAS 
occurring more in cesarean deliveries [19,20,21]. However 
we could not find any association between MAS and the 
mode of delivery. Thick meconium has been associated 
with MAS [11,14,21,23] and tracheal suctioning has been 
identified as a risk factor for severe MAS [21]. In our 
study there was no correlation between the consistency of 
meconium and MAS. Similarly tracheal intubation and 
suctioning did not show any association with MAS. One 
and five minute APGAR score have been found to be less 
than 7 in many studies [8,12,15,17,21,22,23,24]. We did 
not find any statistical difference in the 1 and 5 minute 
APGAR score in babies with and without MAS (p=0.14 
and 0.31). Respiratory distress which started immediately 
after birth (p=0.002), Downe score of > 4 at time of NICU 
admission (p=0.0007) and abnormal chest X-ray findings 
(p=<0.0001) were found in babies who developed MAS. 
Similarly, other studies also found respiratory distress 
started immediately after birth [12,24,25,26] and abnormal 
chest x-ray in most cases of MAS [9-10,23]. Those babies 
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who developed MAS had oxygen requirement lasting > 48 
hrs; this finding was 18 times more than in those who did 
not develop MAS (p=0.0063). 

Almost 30-50% of MAS babies require assisted 
ventilation; either CPAP and/or mechanical ventilation 
[1,2,3,21,27,28]. Out of the MAS cases, 17 (34%) 
required assisted ventilation (p=<.001); 10 (20%) required 
mechanical ventilation while 7 (14%) nasal CPAP; of 
which 7 (70%) of ventilated babies died while none of the 
babies who received CPAP died. In our study death 
occurred in 14% of MAS cases. Other studies have quoted 
mortality rates of 2.7-33% [1,10,11,13,14,24,25,29]. The 
wide variation in mortality results due to the difference in 
the levels of care in various neonatal facilities across the 
world and the availability of adjunctive therapies like 
nitric oxide and extracorporeal membrane oxygenation 
(ECMO) in some and not all facilities. Nepal being a 
developing country, our hospital lacks the aforementioned 
facilities. Many studies have associated severe asphyxia as 
a risk factor for mortality in babies with MAS 
[13,14,21,25,30,31,32]. Similarly requirement for 
resuscitation at the time of delivery [30], low 1 and 5 
minute APGAR score and need for assisted ventilation 
after admission were noted as a risk in some studies 
[25,31]. In our study, small for gestational age (p=0.017), 
5 minute APGAR <7 (p=0.023), severe HIE (p=0.037), 
requirement for chest compression (p=0.0019) and bag- 
mask ventilation (p=0.01) after tracheal suctioning and 
need for assisted ventilation (p=0.0028) were factors 
associated with increased risk for mortality. 

Conclusion 
MAS remains an important cause of morbidity as well 

as mortality in term and post-term newborns. In 
meconium-stained babies, MAS is more likely in presence 
of respiratory distress starting immediately after birth, 
admission Downe score >4 and abnormal chest x-ray 
findings. It has an adverse outcome in small for 
gestational age newborns, low 5 minute APGAR score, 
requirement for resuscitation at the time of delivery, 
severe HIE and need for assisted ventilation. In order to 
reduce the mortality associated with MAS, we need to 
prevent small for gestation births, aggressively manage 
non-vigorous babies born out of meconium-stained 
amniotic fluid and prevent severe asphyxia which is a 
contributing factor to mortality in these babies. 
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