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Background: Meconium-stained amniotic fluid (MSAF) refers to an amniotic fluid that is green in color or mixed with meconium. 
MSAF leads to a serious maternal complication that increases the likelihood of operative delivery and poses a hazard to the fetus or the 
neonate. This in turn enhances the chances of maternal and neonatal mortality and morbidity. So, the identification of determinants 
helps to breach this vicious cycle. The current study aimed to assess the determinants of MSAF.
Methods: An institution-based, unmatched case-control study with a sample size of 363 participants (121 cases and 242 controls) was 
conducted on mothers who gave birth at Hadiya zone public hospitals between March and April 2020. A proportionate distribution was 
made to each facility depending on the volume of patients, and cases and control mothers were chosen sequentially. The data was gathered 
through in-person interviews and secondary data extraction. In multivariable logistic regression, variables with (p < 0.25) in bivariate 
analysis were included. After multivariable logistic regression was finished, statistical significance was declared at (p < 0.05).
Results: A total of 121 cases and 242 controls were included in this study Multivariable logistic regression analysis showed that 
gestational age ≥ 41 week (AOR = 3.44, 95% CI: 1.02–11.63), premature rupture of membrane (AOR = 3.71, 95% CI: 1.98–6.93) 
obstructed labor (AOR = 2.90, 95% CI: 1.15–7.33) preeclampsia (AOR = 4.16, 95% CI: 1.29–13.35) and non-reassuring fetal heart 
rate (AOR = 6.75, 95% CI: 3.45–13.19) were significantly associated with MSAF.
Conclusion: Advanced gestational age, an early membrane rupture, an obstructed labor, preeclampsia, and non-reassuring fetal heart 
rate all increase the incidence of meconium-stained amniotic fluid in laboring mothers. Making every effort to prevent, identify, and 
treat those obstetric determinants as early as feasible should be taken into consideration throughout follow-up of pregnancy, labor, and 
delivery could assist to lower the incidence of MSAF.
Keywords: amniotic fluid, determinants, meconium stained

Background
Amniotic fluid is the liquid that retains and insulates a fetus in the uterus throughout pregnancy. Meconium, a dark 
greenish first stool that is typically passed by the newborn during the first 48 hours after birth. The amniotic fluid turns 
green if a baby passes meconium before birth (while still within the uterus). Meconium stained amniotic fluid (MSAF) is 
the name for this property of liquor. Meconium is made up of 70–80% water, digestive contents, desquamated cells, 
lanugo, amniotic fluid, bile acids, salts, mucus, and other inflammatory modulators. Bile pigments are thought to be 
responsible for the greenish color of the meconium.1,2

There are three categories of meconium-stained liquor, with Grade I (light) containing the least quantity of meconium 
and the most amniotic fluid. Only a tiny greenish or yellowish tint results from this on the waters. When there is a decent 
volume of amniotic fluid, yet it is stained with meconium, that condition is known as grade II (moderate) meconium 
staining. The water seems really severe green or brown in this situation. When there is little amniotic fluid and a lot of 
meconium, the staining becomes grade III (heavy/quite thick), and it can be very dark green or black.3,4
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Exposure to and aspiration of particulate meconium, either intrauterine or during the first breath, causes birth 
asphyxia, respiratory distress and may cause serious respiratory morbidity, such as Meconium Aspiration Syndrome 
(MAS).5,6 In addition to endangering the fetus or the baby MSAF can result in major maternal problems such as 
chorioamnionitis, surgical site infection, and puerperal endometritis. Besides, evidence suggests that MSAF raises the 
rates of instrumental births and cesarean sections.7–9

Around the world, MSAF complicates 10–15% of births, and research has shown that as gestational age increases, so 
does the prevalence of the condition. It happens in 5% of preterm births, 25% of term births, and up to 52% of post-term 
babies.10,11

According to studies, the incidence of MSAF varies from 6.13% to 19% in Asia3,7 reaching up to 23.5% in the 
Australian population.12 It is about 11.15% in Africa and Inhaling meconium is a possibility in about 10% of all births in 
Sub-Saharan African countries.13,14 According to studies, there are roughly 16.7% cases of MSAF in Ethiopia.15,16

MSAF affects 15% of all live-birth infants worldwide. About 5–12% of these newborns go on to develop MAS, 
which is characterized by severe respiratory distress and necessitates mechanical ventilation in about 50% of affected 
neonates. MAS continues to be a threat to many newborns around the world, with a case fatality rate of 5% to 40%.6,17,18

Although the precise cause of MSAF is uncertain, it has been suggested that it is physiological and shows signs of 
gastrointestinal and central nervous system maturation. Additionally, it is thought to be an indication of fetal discomfort 
in reaction to a short-term or long-term hypoxic insult.19,20

Recent studies conducted globally in various locations revealed that, an advanced maternal age, status of Antenatal 
Care (ANC) follow up, anemia, prim gravidity, previous caesarean section scar, advanced gestational age, preeclampsia, 
Induction of labor, fetal distress, labor dystocia, prolonged labor, birth weight of the neonate, and sex of the neonate as 
significant determinants for the occurrence of MSAF.15,21–24

The existing evidence in Ethiopia emphasized on the magnitude and consequences of MSAF. Information on the 
determinants is scarce. To the best of our knowledge, no study has examined the determinants of MSAF in the study area. 
Therefore, the aim of this study was to identify the determinants of MSAF at public hospitals in the Hadiya zone of 
southern Ethiopia.

Methods and Materials
Study Area and Period
The study was conducted in Ethiopia’s Southern nations, nationalities, and people’s region in public hospitals of Hadiya 
zone. One of the region’s 14 zones, in the zone, 26.9% of deliveries were attended in medical facilities, and 86.3% of 
ANC services were used.24,25 In the zone, there are three primary hospitals located in three different woredas (Homacho, 
Shone, and Gimbichu primary hospitals), which have 145, 160, and 87 average monthly deliveries, respectively, and one 
referral hospital (Wachemo University Nigist Elleni Mohammod memorial teaching and referral hospital) located in 
Hosana town, which is found 232 kilometers south of the capital Addis Ababa and 194 kilometers away from the 
regional capital, Hawassa. This study was conducted from March 16 – to April 16, 2020.

Study Design
An institution-based unmatched case-control study was conducted.

Participants
All mothers that gave birth in public hospitals of the Hadiya zone during the study period were the study population.

Cases: Mothers who were diagnosed with MSAF regardless of the grade of staining.
Controls: Mothers who were not diagnosed with MSAF but admitted to the labor and delivery ward of the same 

hospital.

Inclusion Criteria
Those mothers who delivered a live baby were included.
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Exclusion Criteria
Mothers who had postpartum hemorrhages, mothers who were unconscious, and clients whose records were insufficient 
(ie, lacked basic laboratory tests) were not included in the study.

Sample Size Determination
The sample size was determined by EpiInfo-7 Stat Calc using the double population proportion exposure difference 
formula, taking into account the percentage of controls exposed for induction of labor is 67.6% (main exposure variable), 
the percentage of cases with exposure is 84.4% from a study conducted in Felege Hiwot Hospital Bahirdar Ethiopia.15 

95% CI, 90% power of the study, and a 1:2 ratio of the case to control is assumed with a 2.6 odds ratio. A 10% non- 
response rate was added, resulting in a final sample size of 363 people (121 cases and 242 controls).

Sampling Procedure
The Hadiya zone’s public hospitals were all included (one referral hospital and three primary hospitals). Based on each 
institution’s average monthly labor and delivery report from the previous year, the entire sample was distributed to them 
in proportion. Finally, cases were chosen sequentially by looking through their birth cards for reported diagnoses in 
MSAF. The next two consecutive mothers who gave birth after the index case in the same hospital but did not get 
a diagnosis of MSAF were chosen for the control group. After the first four hours following delivery, both cases and 
controls were enrolled in the immediate post-natal unit (Figure 1)

Study Variables
Dependent Variable
Meconium stained amniotic fluid.

Independent Variables
Socio-demographic determinants: - maternal age, residency, educational status, marital status and occupation.

All public hospitals in Hadiya zone (1104)

363 (121 cases and 242 controls)

Cases= 16
Controls =32
Total =48

Cases= 9
Controls =18
Total =27

Cases= 18
Controls =36
Total =54

Cases= 78
Controls =156
Total =234

Proportional allocation of sample to each hospital

Wachemo 
university 
hospital
(712)

Shone primary 
hospital

(160)

Gimbichu 
primary hospital

(87)

Homecho 
primary hospital

(145)

Consecutive sampling 

Figure 1 Schematic diagram of sampling procedure to identify determinants of MSAF in Hadiya zone public hospitals southern Ethiopia, 2020.
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Obstetric related determinants:- gestational age, Antenatal care (ANC) follow up, number of ANC follow up, iron 
intake during ANC, gravidity, history of abortion, previous caesarean section scar, PROM, prolonged PROM, induction 
of labor, preeclampsia, eclampsia, cord prolapsed, duration of labor, obstructed labor, NRFHR.

Medical related determinants: - anemia, hepatitis virus, Rh factor, Human Immune Virus (HIV), chronic hypertension.
Behavioral related determinants: - Cigarette smoking, Cocaine use, marijuana addict and chat chewing.
Neonatal related determinants: - birth weight and sex of the neonate.

Operational Definition
Meconium-stained amniotic fluid (MSAF): Amniotic fluid is stained with meconium, after a natural or artificial rupture 
of the membranes, and can be visually identified by speculum or per vaginal examination.15

Data Collection Tools and Procedure
An interviewer-administered questionnaire and a data extraction guide from previous literature15 were used for data 
collection. The questionnaire was prepared with the category of interest socio-demographic characteristics, prepared with 
the category of socio-demographic characteristics, obstetric related determinants, and medical-related determinants, 
behavioral and neonatal related determinants. The developed questionnaire’s English version was converted to the 
Amharic version, which is widely spoken in the study area, and then returned to English to ensure consistency. Four 
diploma midwives collected the data under the supervision of two Bsc midwives who had previous experience in data 
collection.

After four hours of delivery (when the mother becomes stable), a face-to-face interview with the index mothers was 
conducted in the immediate post-natal unit. Then, using the data extraction guide, pertinent information was gathered 
from their record.

Data Quality Management
Before collecting data, data collectors and supervisors received two days of training on the data collection tool, collection 
methods, ethical issues, and study goal. In order to check for consistency and any unclear questions in the tool, a pretest 
was carried out in Doyogena primary hospital with 18 respondents, or 5% of the calculated sample size, consisting of 6 
cases and 12 controls. The period of data collection was closely supervised. The supervisor also went over the 
information to look for any mistakes or omissions that might have crept into the records.

Data Processing, Analysis, and Interpretation
Data was cleaned, coded, and put into the Epi-data program version 3.1 before being exported to SPSS version 25 for 
analysis. Data were then reviewed for completeness and consistency. The data were subjected to a descriptive analysis, and 
the study’s final findings were presented as text and tables. The Variance Inflation Factor (VIF) evaluated the presence of 
multi co-linearity to identify determinants of MSAF, a binary logistic regression was conducted, and a crude odds ratio 
(COR) and an adjusted odds ratio (AOR) with a 95% CI were estimated. A multivariable logistic regression model was used 
to input and assess the variables that exhibited a relationship in the bivariate model (p < 0.25), in order to determine the 
independent contribution of each factors to the occurrence of MSAF. Hosmer and Leme show’s goodness of fit test was 
checked, and it was found to be insignificant (p-value= 0.56) which indicates the model was good fitted and the full logistic 
regression model was a significant prediction performance [omnibus test of model coefficients (p < 0.00)].

Ethical Consideration
The Arba Minch University College of Medicine and Health Science’s Institutional Research Ethics Review Board 
granted approval for the study. The institution requested authorization to collect data from the appropriate Hadiya zone 
public hospitals and administrative entities in a formal letter. Before the in-person interview, each respondent gave 
written informed consent;

Individuals under the age of 18 provided informed consent on their own behalf, a formal written asset was obtained 
from each, and the ethics committee approved the consent process for those participants. To protect the privacy of 
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respondents, questionnaires were filled out anonymously. Thoroughly, our research complies with the required principles 
of Declaration of Helsinki General Assembly, Seoul, Korea, and October 2008.

Results
Socio-Demographic Characteristics
A total of 363 mothers—121 cases and 242 controls—participated in this study, yielding a response rate of 100%. For 
cases, the median age of mothers is 27.00 (IQR ± 8), while for controls, it is 27.00 (IQR ± 6). Most of the participants 
(69.4% cases and 73.1% controls) were Hadiya ethnicity followed by 9.9% of cases and 10.7% of controls were Kembata 
ethnicity. Out of the total mothers 61.2%and 62.0% had protestant, and orthodox religion followers for cases 24.85% and 
20.2% for controls, respectively (Table 1).

Obstetric and Medical Related Determinants of MSAF
This study revealed that more than half of 65 (53.7%) cases and 163 (67.4%) controls were multigravidas. Among those 
multi gravidas 10 (15.4%) cases 15 (9.2%) controls and 15 (23.1%) cases and 27 (16.6%) controls had history of abortion 
and cesarean section scar, respectively. Most of the mothers 103 (85.1%) among cases and 202 (83.5%) among controls 
had ever got ANC service. And among those who attained ANC follow up, 92 (89.3%) cases and 186 (92.1%) controls 
had history of iron intake during pregnancy. Nearly almost all 118 (97.5%) cases and 238 (98.3%) controls had less than 
24 hours duration of labor. Regarding medical conditions of mothers, six (5.0%) cases and sixteen (6.6%) controls had 
Hepatitis B virus, 12 (9.9%) cases, and 17 (7.0%) control mothers had anemia (Table 2).

Table 1 Socio-Demographic Characteristics of Mothers for the Study of MSAF in Hadiya Zone Public 
Hospitals of Southern, Ethiopia, 2020

Variables Participants Category COR (95% CI) p-value

Cases (n = 121) N (%) Controls (n = 242) N (%)

Maternal age

15–19 6 (5.0) 11 (4.5) 1
20–24 24 (19.8) 49 (20.2) 0.89 (0.29–2.72) 0.84

25–29 46 (38.0) 98 (40.5) 0.86 (0.30–2.47) 0.78
30–34 25 (20.7) 57 (23.6) 0.80 (0.26–2.41) 0.69

>35 20 (16.5) 27 (11.2) 1.35 (0.43–4.29) 0.60

Marital status
Married/living together 117 (96.7) 229 (94.6) 1

Others* 4 (3.3) 13 (5.4) 0.60 (0.19–1.88) 0.38

Residence
Urban 71 (58.7) 151 (62.4) 1

Rural 50 (41.3) 91 (37.6) 1.16 (0.74–1.82) 0.49

Educational Status
No formal education 58 (47.9) 106 (43.8) 1.05 (0.50–2.21) 0.89

Primary school 29 (24.0) 59 (24.4) 0.94 (0.42–2.11) 0.89

Secondary school 21 (17.4) 52 (21.5) 0.77 (0.33–1.79) 0.55
Above secondary school 13 (10.7) 25 (10.3) 1

Occupational status

Housewife 75 (62.0) 148 (61.2) 0.94 (0.36–2.49) 0.90
Self-employed 19 (15.7) 32 (13.2) 1.10 (0.37–3.24) 0.85

Government employed 12 (9.9) 26 (10.7) 0.85 (0.27–2.69) 0.79

Merchant 8 (6.6) 23 (9.5) 0.64 (0.19–2.19) 0.48
Others** 7 (5.8) 13 (5.4) 1

Notes: *single, divorced **daily laborer, farmer.
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Behavioral Related Determinants of MSAF
The finding of this study showed that almost all mothers, neither from cases nor from controls had no history of any drug 
addiction and cigarette smoking.

Neonatal Related Determinants of MSAF
In this study more than half of 68 (56.2%) cases and 141 (58.3%) controls had delivered male neonates and 47 (38.8%) 
newborns from cases 118 (48.8%) from control’s weight was between 3000–3499-gram (Figure 2).

Determinants Associated with Meconium-Stained Amniotic Fluid
The multivariable logistic regression result showed that Gestational age, PROM, preeclampsia, obstructed labor, and 
Non-Reassuring Fetal Heart Rate (NRFHR) were significantly associated with MSAF.

The odds of having MSAF were about 3.4 times higher among women with a gestational age of ≥41 weeks (late- 
term) compared to women who had a gestational age <37 weeks (preterm) and between 37 and 40 weeks (term) 
(AOR = 3.44, 95% CI: 1.02–11.63). Accordingly, the odds of MSAF occurrence were around four times higher 

Table 2 Obstetric and Medical-Related Determinants of MSAF in Hadiya Zone Public Hospitals of Southern 
Ethiopia, 2020 (n = 363)

Variables Participants Category COR(95% CI) p- value

Cases (n = 121) N (%) Controls (n = 242) N (%)

Gravidity
Primi gravida 56 (46.3) 79 (32.6) 1.77 (1.13–2.78) 0.01*

ANC follow up

No 18 (14.9) 40 (16.5) 0.88 (0.48–1.16) 0.68
Gestational age

< 37 weeks 7 (5.8) 13 (5.4) 1

37–40 weeks 80 (66.1) 212 (87.6) 0.70 (0.27–1.82) 0.46
≥41 weeks 34 (28.1) 17 (7.0) 3.71 (1.25–11.02) 0.01*

Onset of labor

Induced 15 (12.4) 10 (4.1) 3.28 (1.42–7.54) 0.00*
PROM

Yes 45(37.2) 29 (12.0) 4.34 (2.54–7.42) 0.00*

Prolonged PROM
Yes 18 (40.0) 11(37.9) 1.09 (0.41–2.84) 0.85

Cord prolapsed

Yes 12(9.9) 5(2.1) 5.21(1.79–15.17) 0.02*
Preeclampsia

Yes 13 (10.7) 6 (2.5) 4.73 (1.75–12.79) 0.02*

Eclampsia
Yes 2 (1.7) 1 (0.4) 4.05 (0.36–45.11) 0.25

NRFHR pattern

Yes 50 (41.3) 23 (9.5) 6.70 (3.82–11.75) 0.00*
Obstructed labor

Yes 17 (14.0) 13 (5.4) 2.87 (1.34–6.14) 0.06*
HIV status

Reactive 4 (3.3) 7 (2.9) 0.87 (0.25–3.03) 0.829

Rh factor
Positive 103 (85.1) 216 (89.3) 1.45 (0.76–2.76) 0.25

Note: *p-value <0.25.
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among women with rupture of membrane before the onset of labor compared to women without PROM (AOR = 
3.71, 95% CI: 1.98–6.93).

The odds of developing MSAF were almost three times higher among women who had obstruction of labor as 
compared to those who had good labor progress (AOR = 2.90, 95% CI: 1.15–7.33). In addition to this, 
preeclampsia has significantly associated with the occurrence of MSAF, the odds of having MSAF was four 
times higher among mothers who had preeclampsia during labor were, compared to those without preeclampsia 
(AOR = 4.16, 95% CI: 1.29–13.35).

The odds of MSAF occurrence were around seven times higher among mothers who had an abnormal fetal heart rate 
pattern during labor as compared to their counterparts (AOR = 6.75, 95% CI: 3.45–13.19) (Table 3).

6.60%

12.40%

38.80%

30.60%

11.60%

6.20%

11.60%

48.80%

26.40%

7.00%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

<2500 gm 2500 gm-
2999gm

3000 gm-3499
gm

3500 gm-3999
gm

≥4000 gm

cases

controls

Figure 2 Neonatal weight in the study of determinants of MSAF in Hadiya zone public hospital of southern Ethiopia, 2020 (cases = 121, controls = 242).

Table 3 Bivariable and Multivariable Logistic Regression Analysis Result for the 
Study of Determinants of MSAF in Hadiya Zone Public Hospitals of Southern 
Ethiopia, 2020

Variables Category AOR with 95% CI P value

Gravidity Primigravida 0.88 (0.49–1.57) 0.67
Multigravida 1

Gestational age ≥41 weeks 3.44 (1.02–11.63)** 0.04

37–40 weeks 0.57 (0.19–1.68) 0.31
<37 weeks 1

Preeclampsia Yes 4.16 (1.29–13.35)** 0.01

Onset of labor Spontaneous 1
Induced 2.13 (0.74–6.13) 0.15

PROM Yes 3.71 (1.98–6.93)** 0.00

Cord prolapse Yes 1.53 (0.43–5.38) 0.50
Obstructed labor Yes 2.9 (1.15–7.33)** 0.02

NRFHR Yes 6.75 (3.45–13.19)** 0.00

Note: **Significant at p-value <0.05.
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Discussion
The finding of this study indicated that mothers with Gestational Age ≥41 weeks, premature rupture of membrane, 
preeclampsia, obstructed labor, and non-reassuring fetal heart rate during labor had an increased risk of MSAF.

This study found a statistically significant association between MSAF and gestational age ≥41 weeks (late-term) 
pregnancy. Findings from earlier studies carried out in Australia12 and Iran22 provide evidence in favor of this finding. 
This could be because in late-term pregnancy the placenta has reached its maximum size and the age of the placental 
tissue has started to diminish its function, failing to deliver enough oxygen and nutrients to the fetus, which causes 
uteroplacental vascular insufficiency and increases the risk of MSAF.26

Statistically significant differences were demonstrated between the two groups when analyzing PROM with MSAF. 
This finding is similar to studies reported from India in 201727 and Cameron in 2016.14 This could be due to the fact that 
sterile protective amniotic fluid has been lost; an unborn child will be exposed to nutritional loss, bacterial infections, and 
inflammation of the fetal membrane (chorioamnionitis). Then the one infection results in intrauterine fetal hypoxia, all of 
which enhance the risk of MSAF taking place.28

Additionally, it was found that obstructed labor had a strong correlation with MSAF. This finding is supported by 
a study carried out in Ethiopia15 and India.24 This may be the result of the presenting part becoming impacted into the 
pelvic wall during obstructed labor despite strong uterine contractions, which causes fetal discomfort and hypoxia and 
ultimately results in the development of MSAF.

There was a statistically significant correlation between preeclampsia and MSAF. This result is consistent with 
research from tertiary care facilities in India24 and Ethiopia.15 The cause may be attributed to the potential of 
preeclampsia-related poor placentation, which alters utero-placental blood flow and causes intermittent perfusion and 
prolonged hypoxia that culminating in a meconium passage at last.30 Similar to this, NRFHR showed a strong correlation 
with the development of MSAF, with laboring mothers who had aberrant fetal heartbeat tracings having a roughly seven- 
fold increased risk compared to their counterparts. This result is in line with research conducted in Israel in 201531 as 
well as in India in 2016 and 2018.23,24

This may be the result of the fetal compensatory mechanisms switching to anaerobic cellular metabolism in the 
presence of an abnormal fetal heart rate pattern. This results in the production of ATP and large amounts of lactic acids, 
which must then be converted back to pyruvic acid by the liver and muscles. Because of that, the body uses a lot more 
oxygen for conversion than it would otherwise. This is referred to as “paying off the debt” and exposes the body to 
hypoxia. Some lactic acids are left in the muscle fibers where they contribute to muscular exhaustion and impair the 
function of the rectal sphincters, causing meconium to flow.32

The strength of this study is that the measurement of the outcome variable was based on a professionally verified 
diagnosis of MSAF, and the study employed an appropriate control group for the cases that were chosen. Both groups 
were enrolled in the same hospital’s immediate postnatal ward.

The limitation of this study is, due to the case-control study’s characteristic retrospective nature, which makes it 
difficult to establish causation; this study simply tries to find correlations between independent variables and the outcome 
variable.

Conclusion
The results of this study reveal that Gestational Age ≥41 weeks, premature rupture of membrane; preeclampsia, 
obstructed labor, and non-reassuring fetal heart rate during labor are all statistically significant independent predictors 
of MSAF risk in women.

Recommendations
In order to avoid the negative effects of post-term pregnancy, the authors recommend health practitioners who monitor 
the progress of pregnancies to take into account stripping or sweeping the membranes and inducing labor before 41 
weeks of gestation.
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Additionally, it is advised that preeclampsia prevention efforts should focus on encouraging pregnant mothers to drink 
plenty of water daily, avoid junk food and fried foods, get enough sleep, and exercise regularly. If a mother has more than 
one moderate risk factor or more than one high-risk factor for preeclampsia, her doctor may also recommend her to take 
low-dose aspirin after 12 weeks of pregnancy. Similar to this, supplementing with vitamin C after the 14th week of 
pregnancy is advised in order to prevent PROM.

Assessing the pelvic outlet, determining the baby’s presentation and position, gauging the fetal head’s descent, and 
monitoring labor with a partograph are all strategies to improve the capacity to identify obstructed labor early and 
prevent its impact on the development of MSAF. Additionally, it is preferable to advance the auscultation of the fetal 
heart rate for all mothers who are in labor, and when the NRFHR trace is first observed, it is preferable to carry out 
stringent management procedures such rehydration, oxygen administration, and left lateral posture.
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