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INTRODUCTION

Nowadays, caesarean sections are commonly 
performed under spinal anaesthesia to avoid the risk 
of airway complications and to limit the neonatal drug 
transfer associated with general anaesthesia.[1] But in 
spite of adequate fluid loading, maternal hypotension 
is a common complication after spinal anaesthesia. 
Hypotension can lead to dizziness, nausea and 
vomiting in the mother, decreased uterine blood flow 
and foetal hypoxia and acidosis. Prompt treatment of 
hypotension with intravenous fluids or vasopressor 
is necessary to avoid these detrimental maternal and 
neonatal effects.[2] Phenylephrine is considered as the 

first-line agent for the treatment of hypotension in 
caesarean section as it causes less of foetal acidosis 
than ephedrine.[3] But the drawback with this drug is 
the reduction in heart rate (HR) and cardiac output, 
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ABSTRACT

Background and Aims: Hypotension following spinal anaesthesia for caesarean section is 
common in spite of adequate fluid loading. Phenylephrine is the recommended drug to treat spinal 
hypotension during caesarean section. Recently, norepinephrine boluses are being suggested as 
an alternative to phenylephrine boluses. The aim of our study was to compare the effectiveness 
of bolus doses of norepinephrine with phenylephrine to treat spinal hypotension during caesarean 
section. Methods: Fifty patients undergoing elective caesarean section under spinal anaesthesia 
were randomly assigned into two groups. Group P patients received phenylephrine 50 µg as an 
intravenous bolus and group N received 4 µg of norepinephrine as intravenous bolus to treat 
spinal hypotension. The primary objective of our study was to compare the number of bolus 
doses of norepinephrine or phenylephrine required to treat spinal hypotension. The secondary 
objectives were to compare the incidence of bradycardia, hypertension, nausea and vomiting in 
mother and foetal outcomes. Results: The number of boluses of vasopressors required to treat 
hypotension was significantly lower in group N (1.40 ± 0.577 vs. 2.28 ± 1.061, P = 0.001). The 
frequency of bradycardia was high in group P, but this difference was not statistically significant 
(4%vs. 20%, P = 0.192). Maternal complications such as nausea and vomiting and shivering were 
comparable between the groups. The foetal parameters were also comparable between the two 
groups. Conclusion: Intermittent boluses of norepinephrine are effective in the management of 
spinal-induced hypotension during caesarean section. The neonatal outcomes were similar in both 
the groups. Norepinephrine boluses can be considered as an alternative to phenylephrine boluses.
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which may adversely affect the outcomes of both 
the mother and the fetus. Norepinephrine is a potent 
vasopressor with β-adrenergic properties. Recently, 
norepinephrine infusion is being suggested as an 
alternative to phenylephrine to treat spinal-induced 
hypotension for caesarean delivery.[4,5] It could be more 
advantageous than phenylephrine as it causes less 
reduction in HR and cardiac output.[6] Phenylephrine 
100 µg is found to be equipotent to norepinephrine 
8 µg.[7] The aim of our study was to compare the 
effectiveness of bolus doses of norepinephrine with 
phenylephrine to treat spinal hypotension during 
caesarean section.

METHODS

This prospective double-blinded randomised 
control trial was conducted in a tertiary care 
teaching hospital after approval from the hospital 
ethics committee (IEC-AIMS-2018-ANES-094, 
29-05-2018), Clinical Trial Registry of India (CTRI) 
registration (CTRI/2018/08/015364) and written 
informed consent from patients between September 
2018 and March 2019. The study was conducted as 
per consort guidelines and followed ethical guidelines 
of the Declaration of Helsinki. Fifty term parturients 
between 18 and 50 years of age with singleton 
pregnancy belonging to the American Society of 
Anesthesiologists (ASA) physical class I and II posted 
for elective caesarean section under spinal anaesthesia 
were included in the study. Parturients with allergy or 
hypersensitivity to phenylephrine or norepinephrine, 
height <140 or >180 cm, any hypertensive disorders 
of pregnancy, cardiovascular or cerebrovascular 
disease and foetal abnormalities were excluded from 
the study. All parturients were premedicated with 
oral metoclopramide 10 mg and ranitidine 150 mg 
on the night prior and the morning of surgery. In the 
theatre, 18-gauge intravenous cannula was inserted, 
and standard monitoring with non-invasive arterial 
pressure, electrocardiography and pulse oximetry 
was established. The baseline vitals were noted. They 
were then loaded with 15 mL/kg of lactated Ringer’s 
solution. Subarachnoid block (at L3–L4 or L4–L5 
level using standard technique) with 1.8 mL of 0.5% 
hyperbaric bupivacaine plus 0.2 mL of fentanyl was 
given using 25-G Whitacre needle in the left lateral 
position. The patients were then turned supine with a 
wedge under the right buttock. Supplemental oxygen 
was given through facemask at a flow rate of 5 L/min. 
The highest level of sensory blockade achieved was 
assessed with ice cubes 5 min after intrathecal 

injection. The parturients were randomised into 
group P and group N by computer-generated random 
sequence of numbers and concealed by closed envelope 
technique. The anaesthetist posted in the recovery 
loaded the drugs. Norepinephrine and phenylephrine 
were diluted and loaded in an identical coded 10-mL 
syringe to give norepinephrine 4 µg/mL (Aficard, 
Aesmira, Mumbai, India) and phenylephrine 50 µg/mL 
(Frenin, Samarth Life Sciences Pvt. Ltd., Mumbai, 
India). An anaesthetist who was posted in the theatre 
used vasopressor-labeled syringe to treat hypotension 
and collected the data for analysis. The patient and 
the investigator were blinded to the vasopressor used. 
Blood pressure and HR were monitored every 2 min 
till 10 min, and thereafter every 5 min till the end 
of surgery. Group P patients received phenylephrine 
50µg as an intravenous bolus and group N patients 
received 4µg of norepinephrine intravenous bolus 
whenever the systolic arterial pressure dropped 
below 20% of baseline. After delivery of baby, 10 U of 
oxytocin was given as a slow infusion. Incidences of 
hypotension, bradycardia, tachycardia, hypertension 
and the total dose of vasopressor and intravenous fluid 
infused intraoperatively were noted. Bradycardia was 
defined as a HR less than 50 beats/min (bpm) and was 
treated with intravenous atropine 0.6 mg. Tachycardia 
was defined as HR >120 bpm. Hypertension was 
defined as a 20% increase in systolic blood pressure 
from baseline and its incidence as a result of 
norepinephrine or phenylephrine boluses was noted. 
A paediatrician who was not aware of the vasopressor 
used noted Apgar score at 1 and 5 min. Umbilical vein 
sample at the time of birth for blood gas analysis was 
collected, and pH, PCO2, bicarbonate and base excess 
were analyzed. Foetal acidosis was defined as pH <7. 
The time taken from skin incision to delivery of baby 
and the time taken from uterine incision to delivery of 
the baby and the total duration of surgery were noted. 
Incidences of dizziness, nausea or vomiting due to 
maternal hypotension were also noted.

The primary objective of our study was to compare the 
number of intravenous bolus doses of norepinephrine 
or phenylephrine required to treat spinal hypotension 
in caesarean patients. The secondary objectives were to 
compare the incidence of bradycardia, hypertension, 
nausea and vomiting in mother and foetal outcomes 
such as Apgar score andumbilical vein blood gases.

Because no study could be located in the existing 
literature with the same dosage at the time of study 
period, with respect to the primary objective of the 
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total number of doses given in two groups, a pilot 
study was conducted with 10 patients in each group. 
A minimum sample size based on the mean and 
standard deviation (1.40 ± 0.548 vs. 2.2 ± 1.304) 
with 95% confidence and 80% power was calculated 
as 25 in each group. All the statistical analysis was 
done in IBM SPSS 20.0 (SPSS Inc, Chicago, USA). The 
results are given as mean ± standard deviation for all 
the continuous variables and frequency for categorical 
variables. Pearson’s Chi-square test with continuity 
correction was used for finding the association between 
two categorical variables. Independent sample t-test 
was applied for comparing the mean of continuous 
parameters between two groups. Paired sample t-test 
was used to compare the average Apgar score at 
1 and 5 min within the groups. P value of <0.05 was 
considered as statistically significant difference.

RESULTS

The study included 50 patients who were randomly 
allocated into two equal groups [Figure 1]. The patient 
demographics with respect to age, height, weight 
and ASA physical status were comparable between 
the two groups. All patients achieved adequate 
spinal block height above T5 at 5 min, and the level 

of dermatomal height achieved was comparable 
between the groups. The surgical times required 
were also comparable between the groups [Table 1]. 
Intraoperative blood loss and total intravenous 
fluids transfused were comparable between the 
two groups. The number of boluses of vasopressors 
required to treat hypotension was significantly lower 
in group N patients (1.40 ± 0.577 vs. 2.28 ± 1.061, 

Figure 1: Consort flow diagram

Table 1: Demographic data, block characteristics and 
surgical data

Group N 
(n=25)

Group P 
(n=25)

P

Demographic data
Age (years) 29.96±4.046 29.04±4.748 0.102
Weight (kg) 75.92±14.387 73.88±10.62 0.571
Height (cm) 155.84±6.479 156.00±5.51 0.925
ASA1 14 (56%) 16 (64%) 0.773
ASA2 11 (44%) 9 (36%)

Dermatomal block
T3 1 (4%) 2 (8%) 0.788
T4 20 (80%) 20 (80%)
T5 4 (16%) 3 (12%)

Surgical timein min
Induction to delivery 10.76±2.862 10±2.363 0.311
Skin incision to delivery 5.84±1.700 5.44±1.685 0.408
Uterine incision to delivery 2.12±0.600 1.92±1.038 0.408
Duration of surgery 69.60±12.493 70.12±10.856 0.876

Independent sample t‑test, Chi‑square test with continuity correction
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P = 0.001). The frequency of bradycardia was high 
in group P, but the difference was not statistically 
significant (4% vs. 20% P = 0.192) [Table 2]. Maternal 
complications such as nausea, vomiting and shivering 
were comparable between the groups. The foetal 
parameters were comparable between the two groups, 
and no statistical difference was noted [Table 3]. There 
were no episodes of tachycardia or hypertension  in 
both the groups [Figures 2 and 3].

DISCUSSION

The study compared the effects of intermittent bolus 
doses of norepinephrine and phenylephrine in the 
treatment of spinal-induced hypotension during 
caesarean section. The results of the study showed that 
intermittent boluses of intravenous norepinephrine 
are effective in managing spinal hypotension with 
no detrimental effects on the neonatal and maternal 
outcome. The number of norepinephrine boluses 
required to maintain blood pressure was significantly 
less than when phenylephrine boluses were used. 

There was less incidence of bradycardia in the 
norepinephrine group.

Various vasopressors have been used to treat spinal 
hypotension. Phenylephrine is considered to be 
the drug of choice in obstetric patients.[8] To treat 
spinal hypotension, the vasopressor may be given 
as intermittent boluses or as an infusion. Infusions 
allow tighter blood pressure control with less 
intervention required by the anaesthetist.[9] The use 
of intermittent boluses of the drug may be feasible in 
poor-resource settings where infusion pumps are not 
available or are only available in limited numbers, 
and hence cannot be available to all parturients who 
undergo a caesarean section. Hence, bolus doses 
of phenylephrine are used in many centres to treat 
spinal-induced hypotension though phenylephrine 
infusions are found to be better than boluses. Another 
advantage of the use of norepinephrine is that it is 
cheaper than phenylephrine. There was a concern 
regarding the use of norepinephine in the peripheral 
vein. But no signs of ischaemic complications in the 
limbs were reported by its use through a peripheral 
vein.[10,11]

Studies comparing the use of ephedrine and 
phenylephrine for spinal hypotension in obstetric 
patients had shown that the use of ephedrine was 
associated with neonatal acidosis.[12] W. Mon et al. 
in their randomized control trial on cardiac output 
changes with phenylephrine and ephedrine found that 
even though cardiac output and HR were maintained 
better with ephedrine, less neonatal acidosis was 
noted with the use of phenylephrine.[13] Hence, 
now phenylephrine, a short-acting α adrenergic 
agonist, is considered as the first-line agent for the 
treatment of hypotension in caesarean section. But 
it is associated with a reduction in cardiac output 
and HR which may be undesirable to the mother and 
the fetus.[14] Recently, norepinephrine boluses are 

Table 2: Haemodynamic variables and maternal 
complications

Group N 
(n=25)

Group P 
(n=25)

P

No. of boluses of vasopressors 1.40±0.577 2.28±1.061 0.001
Incidence of bradycardia 1 (4%) 5 (20%) 0.192
Maternal complications

Nausea/vomiting 2 (8%) 2 (8%) 0.695
Shivering 4 (16%) 1 (4%) 0.174

Chi‑square test with continuity correction

Table 3: Foetal parameters
Group N (n=25) Group P (n=25) P

Umbilical pH 7.320±0.038 7.318±0.476 0.850
PCO2 43.864±5.864 46.700±1.172 0.108
PO2 28.180±9.421 25.672±5.879 0.264
Lactates 1.929±0.433 2.308±1.494 0.238
Apgar1 8±0.000 7.92±0.640 0.538
Apgar5 8.92±0.277 8.88±0.332 0.646
Independent sample t‑test, paired sample t‑test

Figure 2: Mean heart rate Figure 3: Mean systolic blood pressure
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being suggested as an alternative to phenylephrine 
boluses to treat spinal-induced hypotension for 
caesarean delivery.[15,16] Norepinephrine is a potent 
vasoconstrictor with β adrenergic properties in addition 
to the α adrenergic action. Thus, it is associated with 
less incidence of bradycardia or decrease in cardiac 
output.[13,17]

Various studies were done to find the equivalent doses 
of norepinephrine and phenylephrine. The ED 90 of 
an intermittent bolus dose of norepinephrine is 6 µg.[17] 
Based on the results of the study by Ngan Kee et al.,[7] 
we used 4 µg of norepinephrine to treat hypotension 
as 4 µg of norepinehrine was found to be equipotent to 
50 µg of phenylephrine. In a study by Mohta et al.,[18] 
norepinephrine was found to be 11 times more potent 
than phenylephrine and100µg phenylephrine was 
approximately equivalent to 9 µg of norepinephrine. 
Sharkey AM et al. compared bolus doses of 
phenylephrine 100 µg with norepinephrine 6 µg and 
found haemodynamic control during caesarean section 
to be better with norepinephrine due to less fluctuations 
in HR.[19] Intermittent bolus dose of norepinephrine 
was compared with ephedrine and phenylephrine, 
and it was reported to be a potent drug to treat spinal 
hypotension.[20,21] Xu et al. in a systematic review and 
meta-analysis showed norepinephrine to have similar 
efficacy in managing maternal hypotension compared 
with phenylephrine.[22]

Ngan Kee et al. used a norepinephine infusion of 
5 µg/mL and found it to be effective in maintaining 
blood pressure with no detrimental effect on neonatal 
outcome.[6] Prophylactic infusions of norepinephrine 
were also used to maintain maternal blood pressure 
without any adverse neonatal outcomes.[23]

There are controversies regarding the use of 
norepinephrine through peripheral veins, but we did 
not encounter side effects with its use in any of our 
patients. The major limitation of the present study 
was that we used vasopressor to maintain the systolic 
pressure without monitoring the cardiac output. We 
could have used noninvasive cardiac output monitor. 
Furthermore, a larger sample size could have provided 
a wider perspective on maternal and foetal effects. 
In our study, we found that intermittent boluses of 
norepinephrine are effective in the management of 
spinal-induced hypotension during caesarean section.
The study can be extended to a larger number of 
patients with intermittent or continuous infusions of 
norepinephrine.

CONCLUSION

Intermittent boluses of norepinephrine are effective 
in the management of spinal-induced hypotension 
during caesarean section. The neonatal arterial 
blood gases and Apgar scores are also comparable 
with phenylephrine. Norepinephrine boluses can be 
considered as an alternative to phenylephrine boluses.
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