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Abstract 

Background: Ephedrine has commonly been regarded as the vasopressor of choice for treatment of hypotension in obstetrics, but 

there are concerns it causes neonatal acidosis.While some authors have recommended phenylephrine because it has not been 

associated with neonatal acidosis, others have found no difference between the two. Objective: To compare umbilical cord blood 

gases in neonates of parturients who received ephedrine and phenylephrine for prevention of maternal hypotension following 

subarachnoid block for caesarean section. Methods: Sixty-two neonates whose mothers received either ephedrine (group E) or 

phenylephrine (group P) during elective caesarean section were randomized in this double blind study into two groups each of 

31.Umbilical arterial blood sample was collected and analysed immediately following delivery using an ABGmachine. Results: 

The mean umbilical artery pH was 7.30±0.05 and 7.31±0.02 for groups E and P respectively (p value=0.097). The mean PaCO2 

(mmHg) was 44.44±4.01 and 46±3.95 for groups E and P respectively (p value=0.208). while the mean PaO2 (mmHg) was 

25.85±3.14 and 27.40±1.76 for groups E and P respectively (p value=0.075). The mean HCO3
-(mmHg) between the groups were 

22.53±1.76 and 22.18±1.21 for groups E and P respectively (p value=0.205). Also, the mean base excess in groups E and P were 

-3.72±0.90 and -3.05±1.1 respectively (p value=0.054). There was no difference in the Apgar scores and maternal 

haemodynamic parameters in both groups. Conclusion:There was no difference in the umbilical cord gases and Apgar scores of 

neonates whose mothers received either ephedrine or phenylephrine. 
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1. Introduction 

Maternal hypotension following subarachnoid block for 

caesarean section is common occurring in up to 80% of 

pregnant patients and is implicated in foetal hypoxia and 

acidosis [1]. Prevention and prompt treatment of this 

hypotension is important to ensure good foeto-maternal 

outcomes. Methods that have been employed to prevent 

hypotension in obstetrics include uterine displacement, 

colloid or crystalloid pre-loading and co-loading [2-4] but 

these methods have been ineffective and associated with side 

effects hence prompt use of vasopressors remains important in 

avoiding maternal and neonatal adverse outcomes. [2] 

Ephedrine and phenylephrine are the most commonly used 
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vasopressors[5, 6]. Traditionally, ephedrine was the preferred 

choice but this has been challenged by some authors due to 

reports of increased incidence of foetal acidosis associated 

with maternal ephedrine administration [7-10] on which basis 

others recommended phenylephrine [8,11]. However, some 

authors have found no differences between the two. [12, 13] It 

is important in the intervention to deliver neonates that drugs 

that would lead to the best and optimal outcome of the 

newborn will be used. This will be particularly important in at 

risk newborn eg preterm, infants of preeclamptic mothers etc. 

Analysis of blood sample from foetal umbilical vessels gives 

an accurate and objective assessment of the metabolic state of 

the foetus at delivery [14-16]. Though a well researched topic, 

most studies were done in Europe and Asia with a paucity of 

studies in sub Saharan Africa.Moreso, Landau [9] proposed a 

genetic basis for ephedrine induced neonatal acidosis.Kinsella 

et al [2] noted that study protocols aimed at preventing 

hypotension rather than treating it when it occurred have been 

found to yield better neonatal outcomes with decreased 

incidence of acidosis than those in which hypotension was 

treated after it has occurred hence the choice of prophylactic 

administration protocol employed in this study. 

This study sought to determine which of these two 

vasopressors had more effect on umbilical cord blood gases of 

neonates as a measure of ability to cause neonatal acidosis 

which is umbilical artery ph</=7.2 [14]. 

 

2. Methods 

Ethical consent was obtained prior to commencement of 

study. The study was carried out at the University of Ilorin 

Teaching Hospital Ilorin Kwara State Nigeria. Sixty-two (62) 

neonates of consenting parturients who received either 

ephedrine or phenylephrine were randonmised into two 

groups of thirty one each. The parturients were scheduled for 

elective caesarean section under subarachnoid block and this 

randomization was doneby a research assistant who was not 

part of the researchers using computer generated sequence. 

The research assistant prepared the study drugs and handed 

them over to the researchers who administered them. The 

methodology was as per protocol. The study drugs were 

5mg/ml and 50 µg/ml of ephedrine and phenylephrine bolus 

injections for groups E and P respectively, each contained in 

identical 5ml syringe to enable concealment. The research 

assistant also set up identical (to also enable concealment) 

20ml infusions of ephedrine and phenylephrine in a syringe 

pump containing 4mg/ml and 50µg/ml of ephedrine and 

phenylephrine which was administered to groups E and P 

respectively. These were labeled as infusion drugs and the 

researcher and patients was blinded to the content. The 

infusion rates were equipotent as described by Saravan et al 

[17] (80:1). All consenting parturients above 18 years 

scheduled for elective Caesarean section at term under 

subarachnoid block were included. Exclusion criteria 

included patient’s refusal, contraindications to subarachnoid 

block, high risk pregnancies (example multiple gestations, 

intrauterine growth retardation, hypertensive disesases of 

pregnancy). 

 
Figure 1. Showing the patient flow chart. One neonate in the ephedrine group was excluded in the final analysis due to unanticipated difficulty 

with the surgery. 

Before spinal anaesthesia, all patients received about 15mls/kg normal saline as fast as possible. Thereafter, 
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subarachnoid block was performed in sitting position under 

aseptic condition using theL3/L4 or L4/L5 interspace by the 

researcher and injection of bupivacaine 12.5 mgand fentanyl 

25 µg. Thereafter, patients were repositioned supine with a 

wedge under the right hip and head elevated with a pillow.The 

block height was of T6was considered appropriate. 

Immediately after performing the block, the researcher 

administered 1ml bolus of study drug and commenced the 

syringe pump infusion at 1ml/min in both 

groups,corresponding to 5mg ephedrine and 50 µg 

phenylephrine bolusesand 4mg/min ephedrine and 50 µg/min 

phenylephrine infusions for groups E and P respectively. The 

researcher was in charge of data collection and handed over 

the proforma to the research assistant to indicate the group at 

the end of the study. Hypotension (defined as a decrease in 

systolic arterial pressure >20% of baseline) was treated by 

further 1ml bolus of study drug administered by researcher. 

Once the blood pressure remained stable for more than 15 

minutes or following development of reactive hypertension, 

vasopressor infusion was discontinued. Following delivery of 

the baby, umbilical artery sample was collected with a 

heparinized syringe from a double clamped cord segment and 

analysed using an already calibrated ABG machine. Apgar 

scores of the neonate were noted at first and fifth minute. 

Further management of the parturient was at the discretion of 

the attending anaesthetist. The primary outcome measure was 

umbilical artery pH. Secondary outcomes included HCO3
-, 

base excess, PaCO2 and PaO2and apgar scores. 

Data was analyzed using SPSS version 20. Continuos and 

ordinal variables were analysed with T-test and 

Mann-WhitneyU test respectively.A p-value of <0.05 was 

considered significant. From a previous study1we determined 

that a sample size of 62 patients will be sufficient to detect a 

difference of 0.2 in the mean umbilical cord blood pH using a 

power of 80% at 5% significance level. 

3. Results 

The patient flow information is shown in figure 1. One 

neonate in the ephedrine group was excluded in the final 

analysis due tounanticipated difficulty with the surgery.The 

remaining sixty one neonates did not require more than the 

usual routine neonatal resuscitation at birth.There was no 

significant difference in the maternal demographic data 

between the two groups (table 1) and overall haemodynamic 

control. 

Table 1. Maternal Demographic Data. 

Variables Group E (n=30) Group P(n=31) P value 

Age (years) 31.2 ± 4.4 32.6 ± 3.82 0.249 

Weight (kg) 83.1 ± 4.3 81.2 ± 6.5 0.325 

Height (m) 1.65 ± 0.40 1.65 ± 0.36 0.605 

Gestational age (weeks) 38.3 ± 1.4 38.7 ± 1.3 0.515 

*Parity 3 (0-5) 3 (0-5)  

Total study drug administered (phenylephrine equivalent)a 388.82±26.78 413.85±29.64 0.723 

Incidence of hypotension 2(6.9%) 1(3.3%) 0.65 

Mean ±SD. * in median (range), aAccording to equipotent infusion rate described by Savaranet a17. 

The mean birth weights (kg), Apgar score at one minute, 

and five minute Apgar score was similar in both groups. None 

of the neonates was admitted to the neonatal intensive care 

unit. The mean umbilical artery pH was 7.30±0.05 and 

7.31±0.02 (p=0.097)respectively for groups E and P and the 

remaining details of the umbilical cord gases are shown in 

Table 2. None of the 61 neonates had true foetal acidosis 

(defined as umbilical pH < 7.2). 

Table 2. Neonatal outcomes. 

Variable Group E (n=30) Group P (n=31) P value 

Birth Weight 3.27±0.14 3.33±0.15 0.264 

*One minute Apgar 7 (6-8) 7 (7-8) 0.764 
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Variable Group E (n=30) Group P (n=31) P value 

*5 minutes Apgar 9 (8-10) 9 (8-10) 0.665 

NICU admission 0 0  

Umbilical artery PH 7.30±0.05 7.31±0.02 0.097 

Umbilical artery PaCO2 44.44±4.01 46±3.95 0.208 

Umbilical artery PaO2 25.85±3.14 27.40±1.76 0.075 

Umbilical artery HCO3
- 22.53±1.76 22.18±1.21 0.205 

Umbilical artery Base Excess -3.72±0.90 -3.05±1.1 0.054 

Incidence of true foetal acidosis 0 0  

Mean ±SD,*median(range) 

4. Discussion 

This study showed that the umbilical artery pH, 

PaCO2,PaO2, HCO3
-, base excess and Apgar scores of 

neonates of parturients who received ephedrine and 

phenylephrine were similar. 

The mean umbilical artery pH in both groups in this study is 

comparable to the findings of Odagme et al [18] and Moslemi 

et al [1]. It however, differs with the results of Prakash et al 

[19] and Vakili et al [20] and this could be because they 

treated hypotension after it had occurred unlike a prophylactic 

approach that we employed thus leading to a high incidence of 

hypotension which causes neonatal acidosis. [13, 20-22] This 

is supported by Kinsella et al [2] who noted that study 

protocols aimed at preventing hypotension rather than treating 

it when it occurred have been found to yield better neonatal 

outcome with decreased incidence of acidosis than those in 

which hypotension was treated after it had occurred. A cord 

pH value less than 7.2 is defined as foetal acidosis. [14] A 

cord pH less than 7.0 when combined with other abnormal 

clinical findings, strongly correlates with adverse neonatal 

outcomes. [14] 

This study also found out that patients in the ephedrine 

group had slightly lower umbilical artery pH, though there 

was no case of neonatal acidosis. This agrees with the 

findings of Simin et al. [22] Armstrong et al [16] had found 

out that neonates delivered by caesarean section had 

umbilical cord pH values compared to neonates delivered by 

spontaneous vaginal delivery and this study agrees with it. 

The mean PaCO2 in this study agrees with the findings of 

Ngan et al [13], Higgins et al [21] and Abdalla et al. 

[23]However, the finding disagrees with that of Moslemi et 

al [1] who found that a high incidence of acidosis and that 

could account for this. The umbilical cord blood PaCO2 

correlates directly with pH with Kotaska et al [24] 

recommending it as the umbilical blood gas which correlated 

best with clinical outcome. 

The values from this study of PaO2were similar to the 

findings of Ngan et al [13], Higgins et al [21], and Simin et al 

[22]. PaO2 ironically, is the least valuable parameter in 

evaluating foetal oxygenation and this is explained by the 

characteristicsof the foetal oxygen dissociation curve (Bohr 

effect) [25]. 

The index study found that there was no difference between 

the Apgar scores and this agrees with Odagme et al [18], 

Adigun et al [26], Higgins et al [21]. Although Sykes et al [27] 

had questioned the usefulness of Apgar scores citing itspoor 

correlation with umbilical cord gases,it has remained a 

reliable indicator of neonatal outcome following delivery [28] 

since first developed [29] providing acceptable and 

reproducible method for reporting on the status of the 

newborn. Most neonates will easily make transition from intra 

to extra uterine life with routine care with only 0.1% -0.3% 

requiring extensive resuscitation [30, 31] and this agrees with 

the index study. Of those that require resuscitation, Low 

Apgar scores at 5 minutes and beyond have been associated 

with poor neurologic outcome. [32] Notwithstanding the 

above usefulness, Apgar scores has its limitations. It is an 

expression of a neonate’s physiologic state at a point in time 

and is affected by several factors which include choice of 

anaesthesia, gestational age at delivery, presence of congenital 

anomalies, trauma and inter-observer variations. [32] That is 

why analysis of blood sample from foetal umbilical vessels is 

believed to give much more accurate and objective 

assessment of the metabolic state of the foetus at delivery. [14] 

Neonates with poor Apgar scores at delivery despite adequate 

resuscitation may require admission to the neonatal intensive 

care unit (NICU), and may even be intubated if there is need 

for that. In this study, none of the neonates required such. 

Most neonates in this study did not require extensive 

resuscitation to make easy extra uterine transition and this 

agrees with available literature. [30, 31] 
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5. Conclusion 

There was no difference in the umbilical cord blood gases 

and Apgar scores of neonates delivered by caesarean section 

in mothers who received either ephedrine or phenylephrine. 

Prospective areas of future study. Since non labouring 

parturients were used in the study and neonates of ephedrine 

group had lower umbilical cord ph. The effect of this on at risk 

neonates (e.g foetal distress, preterm babies) may need to be 

evaluated. 

Abbreviations 

ABG Arterial Blood Gas 

HCO3 Bicarbonate 

PaO2 Arterial Partial Pressure of Oxygen 

PCO2 Arterial Partial Pressure of Carbon-dioxide 

SAB Sub Arachnoid Block 

SD Standard Deviation 

UA Umbilical Artery 

UV Umbilical Vein 
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