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Abstract 
Aim
The aim of this study was to identify the incidence, risk factors and outcome associated with Meconium aspiration syndrome (MAS).
Methods
An observational study was conducted in 12 public hospitals in Nepal from July 1, 2017 to August 29, 2018. All babies born within the study period were included in the study. Babies who were diagnosed as MAS were designated as outcome. Data were analyzed with bivariate analysis followed by multiple regression analysis. 
Results
The overall incidence of MAS was 2.0 per 1000 livebirths. Babies born at post-term gestation [AOR (Adjusted Odds ratio) = 2.41; 95% CI: 1.05 – 5.55], nulliparity [AOR = 2.26; 95% CI: 1.20 – 4.28], instrumental delivery [AOR = 4.79; 95% CI: 2.52 – 9.10] and cesarean delivery [AOR = 3.67; 95% CI: 2.29 – 5.89] were significantly associated with MAS. Babies with MAS had a 10-fold risk for pre-discharge mortality [OR (Odds ratio) = 9.87; 95% CI: 5.81 – 16.76]. 
Conclusions
The findings in this study are consistent with that reported in other studies. MAS has a high risk of neonatal mortality. Thus, monitoring during pregnancy and labor is necessary for early identification of high-risk conditions associated with MAS. Strengthening of newborn care services is essential to curtail mortality. 
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What is already known on this topic 
Meconium aspiration syndrome (MAS) is a frequent cause of respiratory distress in newborn with high mortality. Care during intrapartum period is important to reduce the burden.
What this paper adds
· There is a high incidence of MAS in Nepal. 
· Babies born at post-term gestation, nulliparity, instrumental delivery and cesarean section are risk factors for MAS. 
· Babies with MAS have a high risk for pre-discharge mortality.




Introduction
Meconium aspiration syndrome (MAS) is a condition affecting the babies born through meconium-stained amniotic fluid (MSAF) resulting in respiratory morbidity of varying severity.1 Globally, fetal passage of meconium leading to MSAF complicates about 10-15% of all livebirths, out of which 5% are at risk of developing MAS.2 Even with modern neonatal intensive care, the mortality rate from MAS remains as high as 3-5%.3 It is a significant cause of neonatal mortality especially in developing countries.4 
Studies conducted in Nepal have revealed the incidence of MAS to be 6.6 to 8.6%  and neonatal mortality as high as 11.3%.5,6 The incidence of MAS has declined in developed countries due to better obstetric practices and perinatal care; however, challenges remain persistent in the developing countries.4,5 Numerous studies have been carried out to identify possible risk factors associated with MAS. Risk factors such as ethnicity, longer gestational age (≥ 42 weeks), cesarean delivery, premature rupture of membranes and nulliparity have been identified.1,5-7 
As the management of MAS is primarily supportive, proper newborn care with immediate admission of baby in sick newborn care unit is vital. The condition of baby should be monitored closely to prevent hypoxemia and acidosis, with maintenance of optimal temperature and pressure.8 Recently, the Ministry of Health and Population, Nepal has scaled up Neonatal Intensive Care Unit (NICU) and Special Newborn Care Unit (SNCU) in different public hospitals across the country to manage the sick newborns under the free newborn care scheme.9 
MAS is largely preventable by careful intrapartum monitoring and appropriate delivery room care practices.10 Continuous or intermittent fetal heart rate monitoring techniques is eminent for decreasing the incidence of MAS. The incidence, risk factors and consequences of MAS have not been adequately studied in low resource settings like Nepal. Identification of risk factors would be helpful in selecting babies who require proper observation and care immediately after birth. In this study, we assessed various potential intrapartum factors that complicate labor by meconium-stained amniotic fluid leading to MAS. The aim of this study was to identify the incidence and risk factors of MAS and assess the associated outcome.
Methods 
Study design and setting- An observational study was conducted as part of scaling up of Helping Babies Breathe Quality Improvement Project in 12 government hospitals of Nepal.11 These hospitals, selected from various geographical locations in Nepal, provide obstetric, neonatal and pediatric services (Table 1). Hospitals designated as NICU provide special management for sick newborns requiring ventilation support, management of shock, jaundice, sepsis, and metabolic abnormalities while those with SNCU provide all these services except ventilation support. This study was conducted for a period of 14 months, from July 1, 2017 to August 29, 2018.
Study participants
Babies born within the study period were included in the study. Babies who were out-born, still born, and whose parents did not provide consent were excluded from the study.
Data collection and management
A data surveillance system was setup in the included hospitals. The data collectors assessed socio-demographic information through semi-structured interviews with mothers at the time of discharge (Appendix 1). Clinical information on mothers and newborns were extracted from maternity register and sick newborn register using a data retrieval form (Appendix 2). The filled-up forms were checked for completeness and indexed by the data coordinator. These forms were reassessed for completeness in the central office by the data entry operators. Data were entered in Census and Survey Processing System (CSPro) database and assessed for accuracy. The entered data were cleaned and exported to Statistical Package for the Social Sciences (SPSS) version 23 for data analysis. 
Variables in the study
For this study purpose, we extracted following variables from the final database. 
Outcome variables
· [bookmark: _Hlk24117935]MAS- Babies admitted in NICU/SNCU and documented as MAS by the attending clinicians, following the diagnostic criteria based on the evidence of presence of meconium in the amniotic fluid at the time of birth, troubled breathing requiring oxygen or assisted ventilation, and chest x-ray showing hyperinflation with variable areas of atelectasis and flattening of the diaphragm.
· Pre-discharge mortality- death of the newborn before discharge from the hospital.
· Hypoxic ischemic encephalopathy (HIE) – clinical evidence of acute or subacute brain injury due to asphyxia in a newborn admitted in the NICU/SNCU.
Demographic characteristics
· Maternal age- categorized into 15-19 years, 20-34 years and 35 years and above.
· Ethnicity- based on Nepal’s caste and hierarchical system, ethnicity was- categorized into Dalit, Janjati, Madhesi, Muslim, Chettri/Brahmin and other.
Obstetric characteristics
· Induction of labor- was done using prostaglandin, artificial rupture of membrane and oxytocin.
· Mode of delivery- normal vaginal delivery, instrumental delivery using forceps or vacuum and cesarean section.
· Parity- nullipara is a woman who has never given birth, primipara is a woman who has given birth to only one child and multipara is a woman who has given more than one births.
· Prolonged labor- defined as labor lasting for more than 14 hours in previously delivered mothers and approximately 20 hours or more for first time mothers.
· Malpresentation of fetus- presentation of fetus other than vertex. Malpresentations include breech and shoulder presentation (transverse lie), but also incorporates face and brow presentations.
 Neonatal characteristics
· Sex of the baby- categorized as male or female
· Gestational age- estimation of gestational age of babies using the last menstrual period and categorized as less than 37 weeks, 37-42 weeks and 42 weeks or more.
Statistical analysis
Descriptive statistics were performed using frequency and percentage. For all categorical variables, bivariate analysis was performed using binary logistic regression. At 95% confidence interval (CI), p<0.05 was considered to be significant. Variables with p < 0.2 from the bivariate analysis were considered for multiple regression analysis.
Ethical consideration
This study was approved by the Ethical Review Board of Nepal Health Research Council (NHRC). Before data collection, written consent was obtained from all the participants included in the study and confidentiality on their information was maintained.
Results
A total 60,742 deliveries were conducted in the hospitals during the study period. There were 60,062 livebirths, among which 122 babies were diagnosed as MAS (Figure 1).  
The overall incidence of MAS was calculated to be 2.0 per 1000 livebirths. The incidence of MAS was found to be similar for all the age group of mothers (2.0 per 1000 livebirths). Similarly, the incidence among different ethnicities was calculated and found to be ranging from 1 to 3 per 1000 livebirths (Table 2).
In bivariate analysis, various factors were found to be associated with MAS. Babies born to nulliparous mothers were found to have a risk of 2.45 [OR (Odds Ratio) = 2.45; 95% CI: 1.30–4.60]. Babies born through instrumental delivery [OR = 5.56, 95% CI: 2.95–10.49] and Cesarean delivery [OR = 4.73, 95% CI: 3.24–6.89] were significantly associated with MAS. Babies delivered from mothers having infection had three times higher risk of developing MAS [OR = 3.30; 95% CI: 2.29–4.75]. Similarly, babies with gestational age ≥42 weeks were significantly associated with MAS [OR = 2.95; 95% CI: 1.29–6.74]. Among the babies with MAS, the proportion of male babies was higher (58.2%) compared to female babies (41.8%), however, the association was not significant. HIE was significantly found to be associated with MAS [OR = 24.3; 95% CI: 14.4 – 41.0] (Table 3). 
In multi-variate analysis, factors significantly associated with MAS were nulliparity; instrumental and cesarean delivery; and gestational age of ≥42 weeks.  Nulliparity had a two-fold risk associated with MAS [AOR (Adjusted Odds Ratio) = 2.26; 95% CI: 1.20 – 4.28] while the risk of instrumental delivery was 5-fold [AOR = 4.79; 95% CI: 2.52 – 9.10] and Cesarean section was 4-fold [AOR = 3.67; 95% CI: 2.29 – 5.89]. Babies born at gestational age of ≥42 weeks had a 2-fold risk associated with MAS [AOR = 2.41; 95% CI: 1.05– 5.55] (Table 4). 
[bookmark: _Hlk24022037]Additionally, we analyzed the outcomes associated with MAS. Babies with MAS had a 10-fold risk for neonatal mortality [OR = 9.87; 95% CI: 5.81 – 16.76] (Table 5). Adjusting this finding with HIE, the risk of neonatal mortality was 4-fold [AOR = 4.43; 95% CI: 2.35 – 8.36] for babies with MAS (Table 6).  
Discussion
In this study. we determined the incidence, risk factors and outcomes associated with MAS. The incidence of MAS was found to be 2.0 per 1000 livebirths. This finding is in line with a population based cohort study conducted in Australia that found an incidence of 1.3 per 1,000 livebirths.12 However another study conducted among a large cohort of infants in Australia and New Zealand found a lower incidence of 0.43 per 1,000 live births.13 The variation in the incidence of MAS could be due to differences in study settings and varied level of intrapartum care.
In this study, there were higher proportion of male babies developing MAS compared to females. This finding is consistent with previous studies suggesting a higher risk for MAS in male babies.14,15 Often certain medical conditions such as respiratory diseases and acute inflammatory process are more common in male babies. A genetic hypothesis was proposed that suggests a gene locus on the X-chromosome in humans was involved in synthesizing immunoglobulins.16 This could be the reason for higher risk of MAS in male babies. 
Babies born to nulliparous mothers had a risk of developing MAS in this study. This finding is consistent with a prior study which also showed that babies born to nulliparous mothers were at higher risk of developing MAS.7,17 Being a nulliparous woman increases the risk of operative delivery due to various adverse intrapartum events. However, another study reported that babies born to primiparous mothers were at higher risk of MAS which suggests that the risk is higher in first pregnancy.18 
Babies born via instrumental delivery were more likely to develop MAS in this study. This finding is consistent with a study which reported significantly higher proportion of instrumental deliveries among the babies who developed MAS.19 Another significant mode of delivery associated with MAS was cesarean delivery. This finding is consistent with a prior study reporting 60% of babies who developed MAS were born through cesarean-section.7 Another study also suggests that cesarean delivery poses a higher risk for MAS since meconium stained amniotic fluid leading to fetal distress could be an indication for cesarean delivery.6,19,21
Post-term gestation was another significant factor with high risk for developing MAS in this study. This finding was comparable with studies reporting significantly higher odds of having MAS with higher gestational age.6,21-23 The hormone, motilin, is secreted in increasing quantities by the fetus with higher gestational age. Most of the meconium passage is known to occur in post-term gestations as the motilin level is highest during this period.23 
Additionally, we found significantly high risk of neonatal death in babies with MAS prior to discharge and the risk was even higher with co-existing HIE. This is in line with the prior studies reporting higher mortality rates associated with MAS.4, 13
 Strengths and limitations 
The major strength of this paper is that we examined different aspects of MAS in large number of deliveries in various public hospitals across Nepal, which increases the generalizability of the study findings. 
Major limitation of this paper is that we could not categorize MSAF due to lack of adequate information. Because of this, we could not find MAS as a percentage of MSAF.
Conclusion
[bookmark: _Hlk24118072]The incidence of MAS was found to be high in Nepal. Babies born at higher gestational age, nulliparity, instrumental and Cesarean deliveries were found to be the predictor of MAS. Majority of these findings are consistent with prior studies. There is a need for further research on MAS to identify approaches from health services to address this condition, as MAS is a frequent cause of newborn morbidity and mortality. 
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Figures
Figure 1: Strobe flow diagram
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[bookmark: _Hlk17209723]Table 1: Estimated deliveries at the included hospital (year:2015)
	Name of hospital
	Total deliveries per year
	Services available

	Western Regional Hospital
	9,427
	L&D + OT + SNCU

	Mid-Western Regional Hospital
	3,139
	L&D + OT + SNCU

	Bardiya District Hospital
	1,065
	L&D + SNCU

	Bharatpur Hospital
	11,318
	L&D + OT + NICU

	Seti Zonal Hospital
	5,767
	L&D + OT + SNCU

	Nuwakot District Hospital
	1,438
	L&D + OT + SNCU

	Koshi Zonal Hospital
	8,355
	L&D + OT + SNCU

	Rapti Sub-Regional Hospital
	3,280
	L&D + SNCU

	Nawalparasi District Hospital
	1,374
	L&D + SNCU

	Lumbini Zonal Hospital
	9,007
	L&D + OT + NICU

	Bheri Zonal Hospital
	4,276
	L&D + OT + SNCU

	Pyuthan District Hospital
	1,194
	L&D + OT + SNCU


L&D: Labour and Delivery room, OT: Operation theatre, SNCU: Special Newborn Care Unit, NICU: Neonatal Intensive Care Unit
Table 2. Incidence of MAS among total livebirths (n=60,062)
	
	Incidence
	Total live births

	 Overall
	122(0.20%)
	N=60062

	Maternal Age(years)
	
	

	15-19
	15(0.18%)
	N=8346

	20-35
	104 (0.21%)
	N= 50176

	>35
	3 (0.19%)
	N = 1540

	Ethnicity
	
	

	Dalit
	18(0.17%)
	N=10538

	 Janjati
	25(0.14%)
	N=17412

	Madhesi
	8(0.18%)
	N=4517

	Muslim
	2(0.13%)
	N=1585

	Chhetri/Brahmin
	61(0.26%)
	N=23626

	Others
	8(0.34%)
	N=2384



Table 3. Bivariate analysis of intra-partum and obstetric risk factors 
	
	MAS (n=122)
	Non-MAS (n=59940)
	Total (n=60062)
	p-value
	OR (95%CI)

	Parity

	Multiparity
	11(9.0%)
	10168(17.0%)
	10179(16.9%)
	
	Ref.

	Nulliparity
	78(63.9%)
	29486(49.2%)
	29564(49.2%)
	0.006
	2.45(1.30-4.60)

	Primiparity
	33(27.0%)
	20286(33.8%)
	20319(33.8%)
	0.242
	1.50(0.76-2.98)

	Induction of labor

	No induction 
	8(73.0%)
	42225(70.4%)
	42314(70.5%)
	
	Ref.

	Prostaglandins
	23(18.9%)
	10396(17.3%)
	10419(17.3%)
	0.84
	1.05(0.66-1.66)

	Amniotomy
	5(4.1%)
	1538(2.6%)
	1543(2.6%)
	0.35
	1.54(0.63-3.80)

	Oxytocin
	5(4.1%)
	5781(9.6%)
	5786(9.6%)
	0.05
	0.41(0.17-1.01)

	Mode of delivery

	Vaginal delivery
	48(39.3%)
	45467(75.9%)
	45515(75.8%)
	
	Ref.

	Instrumental delivery
	12(9.8%)
	2043(3.4%)
	2055(3.4%)
	<0.001
	5.56(2.95-10.49)

	Cesarean delivery
	62(50.8%)
	12430(20.7%)
	12492(20.8%)
	<0.001
	4.73(3.24-6.89)

	Intrapartum Complications

	Maternal Infection
	48(39.3%)
	9845(16.4%)
	9893(16.5%)
	<0.001
	3.30(2.29-4.75)

	Prolonged labor
	3(2.5%)
	526(0.9%)
	529(0.9%)
	0.07
	2.85(0.90-8.98)

	Malpresentation
	6(4.9%)
	1670(2.8%)
	1676(2.8%)
	0.16
	1.81(0.79-4.11)

	Gestational Age

	<37 weeks
	13(10.7%)
	5556(9.3%)
	5569(9.3%)
	
	Ref.

	37-42 weeks
	99(81.1%)
	52935(88.3%)
	53034(88.3%)
	0.45
	0.80(0.45 – 1.43)

	≥42 weeks
	10(8.2%)
	1449(2.4%)
	1459(2.4%)
	0.01
	2.95(1.29 – 6.74)

	Sex of the baby

	Male
	71(58.2%)
	32330(53.9%)
	32401(53.9%)
	0.35
	1.19(0.83-1.70)

	Female
	51(41.8%)
	27610(46.1%)
	27661(46.1%)
	
	Ref.

	Birth weight

	2500- <4000
	97(79.5%)
	51970(86.7%)
	52067(86.7%)
	
	Ref.

	<2500 
	21(17.2%)
	6638(11.1%)
	6659(11.1%)
	0.03
	0.59(0.37 – 0.95)

	≥4000
	4(3.3%)
	1332(2.2%)
	1336(2.2%)
	0.92 
	0.95(0.33 – 2.77)

	APGAR Scores

	APGAR at 1 min (<6)
	68(55.7%)
	13903(23.2%)
	13971(23.3%)
	<0.001
	4.17(2.92-5.96)

	APGAR at 5 min (<6)
	25(20.5%)
	1651(2.8%)
	1676(2.8%)
	<0.001
	9.10(5.85-14.16)

	HIE
	17(13.9%)
	396(0.7%)
	413(0.7%)
	
	24.3(14.4-41.0)




Table 4. Multivariate analysis of the factors associated with MAS (n=60,062)
	Variables
	 β-coefficient 
	 p-value
	 AOR (95% CI)

	Parity
	
	
	

	Multiparity
	
	0.02
	Ref.

	Nulliparity
	0.816
	0.01
	2.26(1.20-4.28)

	Primiparity
	0.404
	0.25
	1.50(0.76-2.97)

	Induction of labor
	
	
	

	No induction 
	
	0.26
	Ref.

	Prostaglandins
	-0.078
	0.74
	0.93(0.58-1.48)

	Amniotomy
	0.437
	0.35
	1.55(0.62-3.84)

	Oxytocin
	-0.781
	0.09
	0.46(0.19-1.13)

	Mode of delivery
	
	
	

	Vaginal delivery
	
	<0.001
	Ref.

	Instrumental delivery
	1.566
	<0.001
	4.79(2.52-9.10)

	Cesarean delivery
	1.300
	<0.001
	3.67(2.29-5.89)

	Complications during pregnancy
	
	
	

	Maternal Infection
	0.412
	0.08
	1.51(0.95-2.40)

	Prolonged labor
	0.640
	0.28
	1.90(0.59-6.05)

	Malpresentation
	0.209
	0.62
	1.23(0.53-2.84)

	Gestational age
	
	
	

	<37 weeks
	
	<0.001
	Ref.

	37-42 weeks
	-0.393
	0.19
	0.68(0.38-1.21)

	≥42 weeks
	0.881
	0.04
	2.41(1.05-5.55)

	Constant
	-7.126
	<0.001
	0.001



Table 5. Outcome associated with MAS 
	
	Pre-discharge mortality (n=919)
	Alive at discharge (n=59143)
	Total (n=60062)
	p-value
	OR (95% CI)

	Non-MAS
	903(98.3%)
	59037(99.8%)
	59940(99.8%)
	Ref.
	

	MAS
	16(1.7%)
	106(0.2%)
	122(0.2%)
	<0.001 
	9.87(5.81-16.76)




Table 6. Outcome associated with MAS adjusted for HIE 
	Variables
	β-coefficient 
	 p-value
	 AOR (95% CI)

	MAS
	[bookmark: _Hlk15378514]1.489
	<0.001 
	4.43 (2.35 – 8.36)

	HIE
	3.148
	<0.001
	23.30 (18.41 – 29.50)

	Constant
	-4.288
	<0.001
	0.014
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