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ABSTRACT

Objectives:  This work studied the association between adverse neonatal outcomes and modes of 
delivery in thick meconium-stained amniotic fluid pregnant women with normal fetal heart rate 
(FHR) patterns and the key factors affecting the adverse neonatal outcomes.    

Materials and Methods:  This research was a retrospective cohort study. The investigation was 
conducted by collecting the data of 271 singleton pregnant women who had 37-42 weeks of 
gestation, were diagnosed with thick meconium-stained amniotic fluid and a normal FHR pattern 
was determined, according to the National Institute of Child Health and Human Development 
(NICHD) classification and were admitted to Hatyai Hospital during January 2015 to December 
2020. Multivariate analysis was used to determine the association between mode of delivery 
and neonatal outcomes.  

Results:  Modes of delivery were not associated with adverse neonatal outcomes. The important 
factor that was associated with adverse neonatal outcome was oxytocin use > 3 h (adjusted 
odds ratio (OR) 3.07, p = 0.01).  Risk factors of meconium aspiration syndrome (MAS) were the 
patients who did not receive antenatal care (adjusted OR 31.13, p = 0.04) and the induction of 
labor (adjusted OR 3.91, p = 0.04). However, increasing the Apgar score could reduce the risk 
of MAS (adjusted OR 0.61, p < 0.001).  A risk factor of neonatal intensive care (NICU) admission 
was preeclampsia (adjusted OR 6.15, p = 0.02) but increasing the Apgar score at 1 min could 
reduce the risk of NICU admission (adjusted OR 0.49, p < 0.001). 

Conclusion:   Modes of delivery were not associated with adverse neonatal outcomes.  The significant 
factor associated with an adverse neonatal outcome was oxytocin use > 3 h.
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ความสัมพันธ์ระหว่างผลลัพธ์การคลอดของทารกที่ไม่พึงประสงค์กับวิธีการคลอดใน

ทารกที่มีภาวะขี้เทาข้นปนในนํ้าครํ่าและมีหัวใจเต้นปกติ 
   
พรนภัส เชาวนาสัย, พักตร์ประภา  ไชยภักดี

บทคัดยอ

วัตถุ​ประสงค:  เพื่อหาความสัมพันธ์ระหว่างผลลัพธ์การคลอดของทารกที่ไม่พึงประสงค์กับวิธีการคลอดในภาวะขี้ เทาข้นปน

ในนํ้าครํ่าในกลุ่มทารกที่มีหัวใจเต้นปกติและศึกษาปัจจัยที่มีผลต่อการคลอดของทารกที่ไม่พึงประสงค์

วัสดุและวิธีการ:  เป็นการศึกษาย้อนหลังของสตรีตั้งครรภ์เด่ียวช่วงอายุครรภ์ต้ังแต่ 37 ถึง 42 สัปดาห์ ที่ได้รับการวินิจฉัย

ว่ามีภาวะขี้เทาข้นปนในนํ้าคร่ําและทารกหัวใจเต้นปกติตามการแบ่งกลุ่มของ NICHD จำ�นวน 271 คน ที่มาคลอดบุตร ณ                 

โรงพยาบาลหาดใหญ่ ระหว่างเดือนมกราคม พ.ศ.2558 ถึงเดือนธันวาคม พ.ศ.2563 และวิเคราะห์หาความสัมพันธ์ระหว่าง

วิธีการคลอดกับผลลัพธ์การคลอดของทารกที่ไม่พึงประสงค์โดยใช้สถิติชนิด multivariate analysis

ผลการศกึษา:  วธิกีารคลอดไม่ไดส้มัพันธก์บัผลลพัธก์ารคลอดของทารกทีไ่มพ่งึประสงคแ์ตป่จัจยัสำ�คญัทีม่ผีลตอ่ผลลพัธก์าร

คลอดของทารกที่ไม่พึงประสงค์คือ การใช้ยาเร่งคลอด oxytocin นานกว่า 3 ชั่วโมง (adjusted OR 3.07, p = 0.01 ) ปัจจัย

ที่มีผลต่อภาวะทารกสำ�ลักขี้เทาเข้าปอด ได้แก่ สตรีที่ไม่ได้ฝากครรภ์ (adjusted OR 31.13, p = 0.04), การชักนำ�การคลอด 

(adjusted OR 3.91, p = 0.04) ส่วนทารกที่มีคะแนนประเมินแรกคลอดที่สูงขึ้นจะมีโอกาสเกิดภาวะทารกสำ�ลักขี้เทาเข้าปอด

น้อยลง (adjusted OR 0.61, p < 0.001) ปัจจัยที่มีผลต่อการเข้าหออภิบาลทารกแรกเกิดภาวะวิกฤต ได้แก่ มารดาที่มีภาวะ

ครรภ์เป็นพิษ (adjusted OR 6.15, p = 0.02) ส่วนทารกที่มีคะแนนประเมินแรกคลอดที่ 1 นาที สูงขึ้นจะมีโอกาสเข้าหออภิบาล

ทารกแรกเกิดภาวะวิกฤตน้อยลง (adjusted OR 0.49, p < 0.001). 

สรปุ:  วิธีการคลอดไมไ่ด้สมัพันธก์บัผลลพัธก์ารคลอดของทารกทีไ่มพ่งึประสงคแ์ตป่จัจยัสำ�คญัทีม่ผีลตอ่ผลลพัธก์ารคลอดของ

ทารกที่ไม่พึงประสงค์คือ การใช้ยาเร่งคลอด oxytocin นานกว่า 3 ชั่วโมง  

คําสําคัญ:  ภาวะขี้เทาข้นปนในนํ้าครํ่า, ผลลัพธ์การคลอดของทารกที่ไม่พึงประสงค์, วิธีการคลอด
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Introduction 
	 Meconium comprises fetal bowel contents 

consisting of various products of secretion(1).  Thick 

meconium is a thick dark green amniotic fluid or any 

meconium-stained amniotic fluid that contains lumps 

of meconium(2).

	 The incidence of thick meconium-stained 

amniotic fluid in Hatyai Hospital is 3.02%, which is 

less than that in previous studies (5.61%(3) and 

5.47%(4)). Meconium staining of the amniotic fluid 

(MSAF) has been reported more commonly in term 

(7-22%) and post-term deliveries (23-52%)(5).  This 

may be explained by three theories regarding the fetal 

passage of meconium. Firstly, the fetus may pass 

meconium in response to hypoxia causing fetal 

compromise. Secondly,  meconium may be 

representative of normal gastrointestinal tract 

maturation under neural control. The last theory 

explains that meconium passage follows vagal 

stimulation due to umbilical cord entrapment causing 

bowel peristalsis to increase(1).

	 Meconium-stained amniotic fluid is considered 

to be a bad predictor of fetal outcomes.  The presence 

of meconium in amniotic fluid is a potentially serious 

sign of fetal compromise and is associated with poor 

perinatal outcomes(6).   Meconium aspiration 

syndrome (MAS) is significantly associated with fetal 

acidemia at birth(7). Infants born through meconium-

stained amniotic fluid have a five-fold increase in 

perinatal mortality, compared with low-risk patients 

with clear amniotic fluid(8). It is difficult to make the 

decision whether to continue normal vaginal delivery 

or to proceed with cesarean delivery for the best 

neonatal outcome in the thick meconium-stained 

amniotic fluid pregnant women with a normal fetal 

heart rate (FHR) pattern, according to the National 

Institute of Child Health and Human Development 

(NICHD) classification(9).

	 There are no previous guidelines on the proper 

mode of delivery and no studies about the association 

between neonatal outcomes and modes of delivery 

in thick meconium-stained amniotic fluid pregnant 

women who had a normal FHR pattern (NICHD 

category I) in Thailand.  Therefore, the primary 

objective in this study was to investigate the 

association between adverse neonatal outcomes and 

modes of delivery in thick meconium-stained amniotic 

fluid pregnant women with a normal FHR pattern 

(NICHD category I). The secondary outcome was to 

find the key factors affecting the adverse neonatal 

outcomes in this group. We assumed that the mode 

of delivery may be associated with adverse neonatal 

outcomes.

Materials and Methods
	 This work was a retrospective cohort study. 

This study was approved by The Institutional Review 

Board of Hatyai Hospital.  The investigation was 

performed by collecting the data of pregnant women 

who were diagnosed with thick meconium-stained 

amniotic fluid and were admitted to the labor ward in 

Hatyai Hospital during January 2015 to December 

2020. 

	 The inclusion criteria were singleton pregnant 

women at 37-42 weeks of gestation with a normal 

FHR pattern (NICHD category I) and cephalic 

presentation. Those pregnant women who had non-

cephalic presentation, multifetal pregnancy, abnormal 

FHR pattern (NICHD category II, III), the need for 

instrumental delivery (forceps and vacuum extraction), 

abnormal placenta, intrauterine fetal growth restriction, 

or fetal anomaly were excluded.

	 Among the 1,200 pregnant women diagnosed 

with thick meconium-stained amniotic fluid, 271 

patients met the inclusion criteria of this study. Among 

the 271 patients, 127 patients were in the cesarean 

section (C-section) group and the rest were in the 

normal vaginal delivery (NVD) group. 

	 The sample size was calculated using the 

formula for descriptive study:

n = (Za/2+Zb)2* (p1 (1 – p1) + ( p2 (1- p2)) / (p1- p2)2). 

Based on a previous study(5), where 

Za/2 = 1.96, Zb = 0.84, p1 = 0.15 and p2 = 0.04. The 

minimum sample size needed for each group is 126 

cases.

	 After the admission, the management of labor 
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and delivery were provided according to the 

institutional guidelines. Continuous electronic fetal 

monitoring was offered to all pregnant women during 

labor and delivery and all FHR tracing underwent 

interpretation by the attending obstetricians. The 

definition of thick meconium-stained amniotic fluid 

was dark green in color and containing particulate 

matter(10) that was diagnosed by two midwives or the 

attending obstetricians at the time of rupture of the 

membranes or initial per-vaginal examination during 

admission when rupture of the membranes occurred 

before the patient arrived in the labor room. For the 

patients who needed induction or augmentation of 

labor, the oxytocin dosage used was about 4-16 mU/

min and could be adjusted by uterine contraction. The 

indication of induction was similar between two 

groups such as overt diabetes mellitus (DM), 

preeclampsia and oligohydramnios. In our protocol, 

the cesarean section was performed in thick 

meconium-stained amniotic fluid pregnant women 

with abnormal FHR patterns (NICHD category II and 

III), but there was no guideline for management of 

the mode of delivery in patients with normal FHR 

patterns (NICHD category I).

	 All data included demographic data (age, 

gravida, body mass index (BMI), gestational age, 

antenatal care), medical condit ion (chronic 

hypertension, overt DM, human immunodeficiency 

virus (HIV), hepatitis B, systemic lupus erythematosus 

(SLE), asthma, hyperthyroid, anemia), obstetric risk 

factors (gestational hypertension, preeclampsia, 

GDM, oligohydramnios, chorioamnionitis), intrapartum 

assessment (onset of labor, duration of oxytocin use, 

duration of labor, duration rupture of membranes 

(ROM), cervix dilation at the time of diagnosis of thick 

meconium), neonatal outcome (neonatal intensive 

unit (NICU) admission, neonatal medium care unit 

(NMCU) admission, MAS, respiratory distress 

syndrome (RDS), persistent pulmonary hypertension 

of the newborn (PPHN), Apgar score, intubation, 

cardiopulmonary resuscitation (CPR), transient 

tachypnea of the newborn (TTNB), sepsis, 

pneumonia), and maternal complications (postpartum 

hemorrhage (PPH), uterine atony, uterine segment 

tear, metritis) were collected from Hatyai Hospital 

medical records. 

	 Statistical analysis was done by use of R 

program version 4.0.2.  Descriptive statistics including 

frequencies and cross tabulations were performed.  

Multiple logistic regression fitted with an odds ratio 

(OR) with a 95% confidence interval (CI) was 

calculated.  Adjusted OR were calculated by entering 

the proposed explanatory variables having a 

significant p value < 0.05.  Univariate and multivariate 

analyses were used to determine the association 

between neonatal outcomes and modes of delivery. 

Results
	 The study found that the median maternal age 

and birth weight in the C-section group were greater 

than in the NVD group (p = 0.01 and p = 0.01, 

respectively). The number of patients who completed 

antenatal care in the C-section group was higher 

than that in the NVD group (p = 0.04).  The gestational 

age, BMI, and medical conditions between the two 

groups were not significantly different.  For the 

obstetric risk factor data, the number of patients 

diagnosed with gestational diabetes mellitus (GDM) 

in the C-section group was higher than those in the 

NVD group (p = 0.05).  The patients diagnosed with 

chorioamnionitis were found in the C-section group 

only (p = 0.05).  The other obstetric risk factors such 

as gestational hypertension, preeclampsia, and 

oligohydramnios were not statistically different 

between the two groups.

	 The most common indication of neonatal 

admission was meconium aspiration syndrome 

(MAS) followed by neonatal sepsis.  Jaundice was 

found in the NVD group to a greater extent than in 

the C-section group (p = 0.04).  Indications of 

cesarean section delivery were cephalopelvic 

disproportion (55 cases, 43.31%), previous cesarean 

section (8 cases, 6.30%), thick meconium-stained 

amniotic fluid (53 cases, 41.73%), and failed induction 

(11 cases, 8.66%). The demographic data are shown 

in Table 1.
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Table 1.  Demographic data of the studied patients.   

Characteristics C-section (N=127) n (%) NVD (N=144) n (%) p value

Age (years) 0.03

≤ 20 19 (14.96%) 34 (23.61%)

21-25 30 (23.62%) 45 (31.25%)

26-30 38 (29.92%) 39 (27.08%)

> 30 40 (31.50%) 26 (18.06%)

Median (IQR) 28 (23,32) 25 (21,29) 0.01

Gravida 0.06

Primi 72 (56.7%) 64 (44.4%)

Multi 55 (43.3 %) 80 (55.6%)

BMI (kg/m2) 0.34

< 25 71 (55.90%) 93 (64.58%)

25-29.9 32 (25.20%) 30 (20.84%)

≥ 30 24 (18.90%) 21 (14.58%)

Gestational age 0.07

37-38 29 (22.83%) 39 (27.08%)

39-40 78 (61.42%) 95 (65.98%)

41-42 20 (15.75%) 10 (6.94%)

Antenatal care 0.04

Complete 123 (96.86%) 131 (90.96%)

Incomplete 2 (1.57%) 11 (7.64%)

No ANC 2 (1.57%) 2 (1.40%)

Medical condition

Chronic hypertension 1 (0.79%) 1 (0.69%) 1.00

Overt DM 1 (0.79%) 0 (0.00%) 0.47

HIV 0 (0.00%) 0 (0.00%) 0.30

Hepatitis B 2 (1.57%) 4 (2.78%) 0.69

SLE 0 (0.00%) 0 (0.00%) 0.30

Asthma 3 (2.37%) 0 (0.00%) 0.10

Hyperthyroid 0 (0.00%) 1 (0.69%) 1.00

Anemia 11 (8.69%) 12 (8.28%) 0.48

Obstetric risk factor

Gestational HT 2 (1.57%) 2 (1.39%) 1.00

Preeclampsia 8 (6.32%) 4 (2.78%) 0.27

GDM 8 (6.32%) 2 (1.39%) 0.05

Oligohydramnios 7 (5.53%) 3 (2.08%) 0.20

Chorioamnionitis 4 (3.16%) 0 (0.00%) 0.05

Birth weight (grams) 3280 3087 0.01

Sex

Male 67 (52.76%) 78 (54.17%)

Female 60 (47.24%) 66 (45.83%)

Indication for NICU and NMCU admission

MAS 24 (18.90%) 24 (16.67%) 0.75

Neonatal sepsis 16(12.60%) 9 (6.25%) 0.11

Hypoglycemia 2 (1.57%) 0 (0.00%) 0.22

Pneumonia 3 (2.36%) 1 (0.69%) 0.34

Jaundice 9 (7.09%) 23 (15.97%) 0.04

TTNB 7 (5.51%) 2 (1.39%) 0.09

Amphetamine positive 1 (0.79%) 0 (0.00%) 0.47

Values are given as median (interquartile range) and number (%).
C-section: cesarean section, NVD: normal vaginal delivery, IQR: interquartile range, BMI: body mass index, ANC: antenatal care, DM: diabetes mellitus, HIV: human immunodeficiency 
virus, SLE: systemic lupus erythematosus, HT: hypertension, GDM: gestational diabetes mellitus, NICU: neonatal intensive unit, NMCU: neonatal medium care unit, MAS: meconium 
aspiration syndrome
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	 According to the study, the number of patients 

who received induction of labor and the duration of labor 

in the C-section group were both higher than in the NVD 

group (p = 0.02 and p < 0.001, respectively).  Most 

patients in both groups did not receive oxytocin. 

However, it was observed that the number of patients 

who received oxytocin > 3 h in the C-section group was 

greater than those in the NVD group (p < 0.001). 

	 The median cervical dilatation at the first instance 

of thick meconium diagnosis in the NVD group was 

greater than that in the C-section group.   Moreover, 

most patients in the NVD group had cervical dilatation 

≥ 6 cm (p < 0.001).  Uterine atony and uterine segment 

tear were found in the C-section group only (p < 0.001) 

and were not found in the NVD group (p = 0.05).  The 

intrapartum data are shown in Table 2.

	 The number of patients who had adverse 

neonatal outcomes including MAS, RDS, intubation, 

PPHN, CPR, TTNB, neonatal sepsis, pneumonia, 

NICU admission, NMCU admission, and Apgar score 

< 7 at 1 and 5 min in the C-section group was greater 

than in the NVD group (p = 0.01). The median duration 

of hospital neonatal admission between two groups 

showed no difference (p < 0.001).  Transient tachypnea 

of newborns (TTNB) was found in the C-section group 

to a greater extent than in the NVD group (p = 0.01).  

Jaundice was found in the NVD group to a greater 

extent than in the C-section group (p = 0.04).  These 

data are shown in Table 3.

	 Table 4 presents the univariate analysis which 

found that the factors associated with adverse neonatal 

outcomes (MAS, RDS, intubation, PPHN, CPR, TTNB, 

neonatal sepsis, pneumonia, NICU admission, NMCU 

admission, Apgar score < 7 at 1 and 5 min) were 

C-section (crude OR 2.07, p = 0.01) and duration of 

oxytocin (crude OR 1.10, p = 0.02).

Table 2.  Intrapartum data.   

Intrapartum C-section (N=127) n (%) NVD (N=144) n (%) p value

Onset of labor 0.02

Spontaneity 50 (39.37%) 70 (48.61%) 0.16

Augmentation 65 (51.18%) 71 (49.31%) 0.85

Induction 12 (9.45%) 3 (2.08%) 0.02

Duration of oxytocin use (h) < 0.001

None 64 (50.39%) 90 (62.50%)

≤ 3 20 (15.75%) 39 (27.08%)

> 3 43 (33.86%) 15 (10.42%)

Median duration labor (h) 4 (2,6) 2 (1,4) < 0.001

Median duration ROM (h) 3 (1.5,6) 2 (1,4) 0.06

Cervix dilation (centimeters) < 0.001

< 6 96 (75.59%) 61 (42.36%)

≥ 6 31 (24.41%) 83 (57.64%)

Median (IQR) 3 (2,5) 6 (4,9.2) < 0.001

Maternal complication 

(n = 26) (n = 20) (n = 6)

PPH 7 (35.00%) 5 (83.33%) 0.60

Uterine atony 9 (45.00%) 0 (0.00%) < 0.001

Uterine segment tear 4 (20.00%) 0 (0.00%) 0.05

Metritis 0 (0.00%) 1 (16.67%) 1.00

Values are given as median (interquartile range) and number (%).
C-section: cesarean section, NVD: normal vaginal delivery, ROM: rupture of membranes, IQR: interquartile range, PPH: postpartum hemorrhage
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Table 3.  Neonatal outcome.   

Neonatal outcome C-section (N=127) n (%) NVD (N=144) n (%) p value

Apgar score

1 min 0.05

< 7 13 (10.24%) 7 (4.86%)

≥ 7 114 (89.76%) 137 (95.14%)

5 min 0.66

<7 4 (3.15%) 3 (2.08%)

≥ 7 123 (96.85%) 141 (97.92%)

Adverse neonatal outcome 4 (2,6) 2 (1,4) < 0.001

Admission NICU 3 (1.5,6) 2 (1,4) 0.06

Admission NMCU < 0.001

Duration of admission (day) (Median (IQR))

MAS 24 (18.90%) 25 (17.36%) 0.51

RDS 1 (0.79%) 1 (0.69%) 1.00

PPHN 4 (3.15%) 4 (2.78%) 1.00

Intubation 20 (15.75%) 15 (10.42%) 0.26

CPR 2 (1.57%) 0 (0.00%) 0.22

TTNB 11 (8.66%) 2 (1.39%) 0.01

Pneumonia 3 (2.36) 1 (0.69) 0.34

Jaundice 9 (7.09) 23 (15.97) 0.04

Hypoglycemia 2 (1.57) 0 (0.00) 0.22

Neonatal sepsis  16 (12.60) 9 (6.25) 0.11

Values are given as median (interquartile range) and number (%).
C-section: cesarean section, NVD: normal vaginal delivery, NICU: neonatal intensive unit, NMCU: neonatal medium care unit, IQR: interquartile range, MAS: meconium aspiration syndrome, 
RDS: respiratory distress syndrome, PPHN: persistent pulmonary hypertension of the newborn, CPR: cardiopulmonary resuscitation, TTNB: transient tachypnea of the newborn

Table 4.  Univariate analysis of adverse neonatal outcomes.   

Maternal factor Crude OR (95%CI) p value

Cesarean delivery 2.07 (1.24,3.46) 0.01

Age 1.03 (0.99,1.07) 0.17

Gravidity 1.01 (0.61,1.68) 0.97

BMI 1.03 (0.98,1.08) 0.19

Gestational age 0.95 (0.75,1.21) 0.70

ANC group 3 (2.08%)

     - Incomplete ANC 141 (97.92%)

     - No ANC 2 (1,4) < 0.001

Hepatitis B 2.05 (0.40,10.35) 0.39

Asthma 4.09 (0.37,45.73) 0.25

Anemia 0.40 (0.13,1.20) 0.10

Gestational HT 2.03 (0.28,14.68) 0.48

Preeclampsia 2.08 (0.65,6.65) 0.22

GDM 2.07 (0.58,7.35) 0.26

Oligohydramnios 3.16 (0.87,11.50) 0.08

Onset of labor 0 (0.00%) 0.22

    -  Augmentation 2 (1.39%) 0.01

     - Induction 1 (0.69) 0.34

Duration of oxytocin  1.10 (1.02,1.2) 0.02

Duration labor 1.02 (0.93,1.12) 0.68

Duration ROM 1.05 (0.99,1.11) 0.13

Cervix dilate 1.05 (0.97,1.14) 0.25

Values are given as odds ratios (95% confidence interval) 
OR: odds ratio, CI: confidence interval, BMI: body mass index, ANC: antenatal care, HT: hypertension, GDM: gestational diabetes mellitus, ROM: rupture of membranes
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	 Table 5 presents multivariate analysis of the 
factors associated with adverse neonatal outcomes 
(MAS, RDS, intubation, PPHN, CPR, TTNB, neonatal 
sepsis, pneumonia, NICU admission, NMCU admission, 
Apgar score < 7 at 1 and 5 min).   Although univariate 
analysis data demonstrated that C-section was 
associated with adverse outcomes in Table 4, the 
multivariate analysis showed that C-section was not 

associated with adverse outcomes (adjusted OR 0.89, 
p = 0.80). The only factor associated with adverse 
neonatal outcomes was oxytocin use > 3 h, which 
increased the risk of adverse neonatal outcomes by 3 
times (adjusted OR 3.07, p = 0.01).  The cut point of 3 h 
was from the statistical calculation by using the median 
and percentile range that results in significantly different 
adverse neonatal outcomes between the two groups.

	 The study observed that the mode of delivery 
was not associated with MAS and NICU admission 
from the univariate analysis (p = 0.42 and p= 0.10, 
respectively) but the patients who did not receive 
antenatal care had a 31-fold increase in risk of MAS 

(adjusted OR 31.13, p = 0.04), and a 3.91-fold increase 
in risk of induction of labor (adjusted OR 3.91, p = 
0.04).  Increasing the Apgar score to 1 minute reduced 
the risk of MAS (adjusted OR 0.61, p < 0.001), as 
shown in Table 6.

Table 5.  Multivariate analysis of adverse neonatal outcomes.   

Maternal factor Adverse outcome (case)
(n = 90) n (%)

Crude odds ratio
(95%CI)

p value Ad j u s te d  o d d s  ra t i o 
(95%CI)

p value

Cesarean delivery 54 (60.00%) 2.06 (1.24, 3.44) 0.01 0.89 (0.38, 2.10) 0.80

Duration of oxytocin > 3 h 29 (32.22%) 2.93 (1.34, 6.40) 0.01 3.07 (1.30, 7.23) 0.01

Values are given as odds ratio (95% confidence interval) and number (%).
CI: confidence interval 

Table 6.  Multivariate analysis of MAS.   

Factor Crude OR (95%CI) Adjusted OR (95%CI) p value

Anemia 0.18 (0.02,1.33) 0.13 (0.01,1.18) 0.07

Oligohydramnios 4.55 (1.27,16.36) 2.53 (0.56,11.55) 0.23

Augmentation 1.06 (0.56,2.01) 0.92 (0.46,1.86) 0.83

Induction 3.14 (1.01,9.78) 3.91 (0.91,12.47) 0.04

Maternal complication 3.02 (1.28,7.12) 2.37 (0.90,6.26) 0.08

Apgar score at 1 min 0.59 (0.47,0.74) 0.6 (0.47,0.77) < 0.001

No ANC 14.32 (1.46, 140.88) 31.13 (1.13, 855.94) 0.04

Values are given as odds ratio (95% confidence interval)
MAS: meconium aspiration syndrome, OR: odds ratio, CI: confidence interval, ANC: antenatal care

	 Moreover, the study revealed that preeclampsia 
increased the risk of NICU admission by 6 times 
(adjusted OR 6.15, p = 0.02.  Every 1-point increase 

in the Apgar score at 1 min reduced the risk of NICU 
admission by 0.49 times (adjusted OR 0.49, p < 0.001) 
as shown in Table 7.

Table 7.  Multivariate analysis of NICU admission.   

Factor Crude OR (95%CI) Adjusted OR (95%CI) p value

BMI (kg/m2) 1.05 (0.99,1.12) 1.04 (0. 96,1.12) 0.35

Preeclampsia 7.35 (2.23,24.23) 6.15 (1.39,27.15) 0.02

Duration of oxytocin use 1.10 (1.00,1.21) 1.10 (0.98,1.23) 0.11

Apgar score at 1 min 0.45 (0.35,0.60) 0.49 (0.35,0.67) < 0.001

Apgar score at 5 min 0.35 (0.20,0.59) 0.73 (0.47,1.14) 0.17

Values are given as odds ratio (95% confidence interval)
NICU: neonatal intensive unit, OR: odds ratio, CI: confidence interval, BMI: body mass index 
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Discussion
	 This study observed that the adverse neonatal 

outcomes (MAS, RDS, intubation, PPHN, CPR, TTNB, 

neonatal sepsis, pneumonia, NICU admission, NMCU 

admission, and Apgar score < 7 at 1 and 5 min) in the 

C-section and NVD groups were not significantly 

different. This finding was slightly different from those 

in previous studies which found that intubation, RDS 

and NICU admission were higher in NVD groups; 

however, MAS and asphyxia were not different between 

groups(5).  The difference in outcomes may be due to 

this study had smaller sample size than the previous 

study.

	 Although univariate analysis of this study showed 

that C-section was associated with adverse neonatal 

outcomes (p = 0.01), multivariate analysis observed 

that C-section was not associated with adverse neonatal 

outcomes (p = 0.80). Furthermore, oxytocin use > 3 h 

was a significant confounding factor because the 

number of patients who received induction of labor and 

oxytocin use > 3 h in the C-section group was higher 

than in the NVD group.  Therefore, the significant factor 

affecting adverse neonatal outcomes was oxytocin use 

> 3 h, not C-section. This finding correlated with a 

previous study(11).  This could be explained by oxytocin 

transiently compromising fetal circulation by increasing 

the duration, frequency, and strength of uterine 

contractions. The uterine and umbilical artery flow 

resistance increased significantly during uterine 

contractions reflecting a rapid and exaggerated increase 

of vascular resistance in both arteries which affects 

neonatal outcomes(12).

	 Overall, many significantly serious outcomes are 

associated with thick meconium-stained amniotic fluid, 

such as MAS and NICU admission. This study 

demonstrated that significant risk factors of MAS were 

patients not receiving antenatal care, receiving induction 

of labor, and having low Apgar scores for the newborn. 

This corresponded with previous studies describing the 

risk of MAS as significantly greater in the presence of 

fetal distress and a low Apgar score(13-16).  The induction 

of labor was a risk factor of MAS which could be 

explained by the tendency of induction to take a long 

time for labor, and prolonged labor caused an increase 

in the production of fetal cortisol which increased  

colonic contractions leading to passage meconium(17).

Additionally, a lower Apgar score of 1 min and 

preeclampsia significantly increased the risk of          

NICU admission, which agreed with the study of     

Duhan et al(18).

	 Additionally, this study showed that modes of 

delivery are not associated with adverse neonatal 

outcomes. Hence, the pregnant women who had thick 

meconium-stained amniotic fluid with normal FHR 

patterns (NICHD category I) did not necessarily require 

cesarean delivery. The results of the study can be 

applied in counseling the patients and guiding proper 

management about the mode of delivery in this patient 

group.  For the patients who need oxytocin for induction 

should avoid long durations of oxytocin use and closed 

fetal heart rate monitoring, especially in oxytocin use  

> 3 h. Because these factors were associated with 

adverse neonatal outcomes.

	 The strength of our study was that there were no 

previous studies about mode of delivery and neonatal 

outcomes in pregnant women with thick meconium-

stained amniotic fluid with NICHD category I FHR 

patterns in Thailand. This research was presented as 

the first investigation in Southern Thailand. However, 

there were some limitations of this study such as 

incomplete clinical data due to the retrospective study, 

and the selective bias cannot totally be excluded 

because this study population (thick meconium-stained 

amniotic fluid with NICHD category I FHR pattern) may 

have benefitted from the creation of the new institutional 

protocol.  This study cannot totally exclude fetal growth 

restriction (FGR) due to non-available data such as 

prenatal fetal Doppler, amount of atrial fibrillation (AF), 

and Ballard score in some cases. The duration after the 

diagnosis of thick meconium-stained AF until delivery 

may affect the outcomes of this study. However, this 

data was not available in our center, so should be 
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interpreted with caution when assessing the correlation 

between modes of delivery and neonatal outcomes.  

We suggest that future study should include this factor 

for data analysis.  

Conclusion
	 Modes of delivery were not associated with 

adverse neonatal outcomes in pregnant women who 

had thick meconium stained amniotic fluid with anormal 

FHR pattern (NICHD category I). The significant factor 

affecting the adverse neonatal outcomes was oxytocin 

use > 3 h.    
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