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ABSTRACT
Background: Currently phenylephrine (PE) is recommended to treat hypotension after spinal anesthesia for cesarean
delivery (CD). Recently low dose norepinephrine has been proposed as effective alternative with advantage of less
depression of maternal heart rate and cardiac output.
Methods: This was prospective observational study in women scheduled for CD under spinal anesthesia, patients
received either PE 100 µg (group PE) or norepinephrine 8 µg (group NE). Primary objective was to study the
difference in umbilical artery pH with use of both drugs. The secondary objectives were to compare maternal
hemodynamics, number of boluses required and neonatal outcome.
Results: Total 593 patients were enrolled and 226 patients who developed post-spinal hypotension were analysed,
106 patients received PE and 120 patients received norepinephrine. Umbilical artery pH was similar in both groups
(p=0.199) but in fetal distress, pH was acidotic in both groups with a greater dip with PE than norepinephrine
(p<0.001). Incidence of bradycardia was significantly higher with PE (p<0.001) and number of boluses was greater
with norepinephrine. No difference observed in episodes of hypotension and neonatal outcome.
Conclusions: Fetal pH was maintained within normal range with both drugs but in fetal distress, fetal pH was
acidotic in both groups, however better maintained with norepinephrine than PE. Norepinephrine was as effective as
PE for post-spinal hypotension, with lower incidence of bradycardia and similar neonatal outcome. Norepinephrine is
recommended to prevent hypotension in CD, particularly in fetal distress. However, further research is needed to
confirm this.
Keywords: Spinal anaesthesia, C-section, Norepinephrine, PE, Umbilical artery pH, Hypotension
unsuccessful.4 And vasopressors now form the basis for
managing post-spinal hypotension in CD.

INTRODUCTION
The most common complication of spinal anesthesia
(SA) during CD is hypotension, with a reported incidence
of up to 80%.1 Severe and sustained maternal
hypotension can result in fetal acidosis and neonatal
depression due to decreased uterine and intervillous
blood flow and impaired fetal oxygenation.2,3 The
commonly practiced non-pharmacological methods of
maintaining maternal blood pressure (BP), such as
preloading and leg raising, have proven to be largely

Different vasopressors have been used with varying
degrees of success.5 Mephentermine prevents maternal
hypotension with no adverse effect on neonatal outcome
but tachyphylaxis to its pressor action develops rapidly. 6
Ephedrine was the preferred vasopressor in the past, but it
has a delayed onset and a longer duration of action of
about 60 min.7 Recent evidence demonstrates that PE is
effective in maintaining BP during CDs under SA and is
associated with a lower rate of fetal acidosis compared to
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ephedrine.8,9 PE has been established 1st-line vasopressor
for prevention and treatment of maternal hypotension in
last decade.6,10,11 However, its use is often associated with
dose-related bradycardia, leading to a decrease in cardiac
output (CO).12 This has clinical significance in patients
with unstressed fetuses, and potential for further harm in
fetal distress.12,13 Norepinephrine is now being
investigated for its safety and efficacy as a vasopressor
for post-spinal hypotension, with less tendency to
decrease HR and CO compared with PE.14
The choice of vasopressors used for post-spinal
hypotension during CD in our hospital is at the discretion
of the attending anesthesiologist with no definitive
guidelines. We compared the PE and NE for umbilical
artery pH, maternal hemodynamics with the number of
episodes of hypotension, hypertension or bradycardia;
total dose and number of boluses required to maintain
systolic BP, maternal nausea and vomiting episodes, and
neonatal outcome in both groups by measuring Apgar
scores at 1 and 5 minutes, development of hypoxic
ischemic encephalopathy (HIE).
METHODS
The study was a prospective observational study
conducted in the department of anaesthesiology, Lady
Hardinge medical college and associated Shrimati
Sucheta Kriplani hospital, after approval by the
institutional ethical committee (IEC). The study was
registered
at
clinical
trials
registry
India
(CTRI/2019/01/017159) and carried out from November
2017 to March 2019 in term pregnant patients carrying a
singleton pregnancy (American society of anesthesiology
grade I and II) scheduled to undergo CD under SA.
Written informed consent was obtained from all the
participants. The study was conducted in accordance with
the declaration of Helskinki and good clinical practice.
Exclusion criteria were ASA grade III and IV, patients
who refused SA, had a history of drug allergy, had any
contraindication to SA, in whom SA was inadequate for
conduct of surgery, known fetal abnormality detected
antenatally, obstetric complications like placenta previa,
placental abruption or cord prolapse, hypovolemia due to
any cause and systolic BP <100 mmHg at the time of
anesthesia induction.
After the detailed pre-anesthetic check-up and
investigations, all patients received appropriate antacid
prophylaxis. On arrival in the operating room, standard
monitors including non-invasive BP, electrocardiography
(ECG) with HR and pulse oximetry (SpO2) were attached
and baseline readings recorded. Fetal heart rate was
monitored until the time of surgical preparation. Under
all aseptic precautions SA was given with a disposable
25-gauge Quincke’s needle and hyperbaric 0.5%
bupivacaine 1.8 -2 mL with 25 µgm fentanyl injected. BP
was measured at 2-min intervals beginning 1 min after
spinal injection until delivery of the baby, thereafter BP

was recorded every 5 min until the end of surgery. A
blood sample from the umbilical artery (UA) was
obtained from a double clamped segment of the umbilical
cord. Patient’s HR, ECG and SpO2 were continuously
monitored and recorded. The attending neonatologist
assessed the Apgar score at 1 and 5 min and subsequently
assessed the baby for any features suggestive of hypoxic
ischemic encephalopathy (consciousness level/ seizures/
respiratory difficulty/ decreased tone) till 24 hours.
Hypotension was deﬁned as fall in SBP ≥20% below
baseline or SBP ≤100 mmHg and vasopressor (either PE
or NE) was administered as per anesthesiologist decision.
The patients in group PE received an IV bolus of PE 100
µg (100 µg/mL), and those in group NE received an IV
bolus of NE 8 µg (8 µg/mL). Bradycardia was defined as
HR <50/min and treated with IV atropine 0.6mg
administration. Injection ondansetron 4 mg was
administered intravenously to treat nausea and vomiting.
Hypertension was defined when SBP >120% of baseline.
The primary objective was the difference in UA acid-base
balance with the use of PE or NE. The secondary
objectives were to compare maternal hemodynamics
(number of episodes of hypotension, hypertension, and
bradycardia), total dose and number of boluses of either
drug required to maintain SBP, the incidence of maternal
nausea and vomiting or neonatal outcome (Apgar
score/development of HIE).
The sample size was determined based on UA pH with
the use of different vasopressors. With reference to
previous studies, we defined a difference of 0.05 in
umbilical arterial pH as clinically significant. Thus, with
the sample size of at least 84 patients in each group, there
was 90% power with an effective size of 0.50 at an alpha
0.05 to detect a difference of 0.05 between two groups.
Assuming a 20% loss in sample processing, 101 patients
in each group needed to be recruited.
Statistical testing was conducted with the statistical
package for the social science system (SPSS) version
22.0. The comparison of continuous variables between
the groups was performed using Student’s t test. Nominal
categorical data between the groups were compared using
the Chi-squared test or Fisher’s exact test as appropriate.
Non-normal distribution continuous variables were
compared using the Mann Whitney U test. For all
statistical tests, a p value less than 0.05 was taken to
indicate a significant difference.
RESULTS
A total of 605 patients fulfilled the inclusion criteria and
were enrolled in our study. Out of these, in 5 patients SA
was converted to general anesthesia and in another 7
patients UA blood sample could not be analysed,
therefore these patients were excluded from the study.
Thus, 593 patients were included in our study and 226
patients (38%) had at least one episode of hypotension
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before delivery of the baby and hence were analysed. Out
of the 226 patients, 106 patients received PE (group PE)
and 120 patients received norepinephrine (group NE) for
treatment of post-spinal hypotension.
The maternal demographic characteristics, gestational age
and the height of spinal block at 5 minutes did not differ
significantly between the PE group and the NE group
(Table 1). The indications of CD in group PE and group
NE were comparable (Figure 1). Indications of CD for
fetal distress in group PE and group NE were also
comparable (Figure 2).
Table 1: Maternal characteristics.
Maternal
characteristic
Age (years)
Weight (kg)
Heights (cm)
Gestational
age (weeks)
Height of
spinal block
(After 5 min)

Group PE (n=18)

33%

Thick MSL

Group PE,
(n=106),
Mean ± SD
26.54±4.25
66.54±7.30
152.88±5.55

Group NE,
(n=120),
Mean ± SD
27.24±3.95
67.92±6.11
152.08±5.47

38.16±1.07

38.17±1.06

0.341

T4 (T4-T5)

T5 (T4-T6)

0.782

0

11%

P
value

56%

Oligohydramnios

Fetal HR dips

Group NE (n=21)
5% 0

0.350
0.054
0.438
33%

62%

Values are mean ± SD, group PE-Group phenylephrine, group
NE-Group norepinephrine, Weeks-weeks, min-Minutes.

Group PE (n=106)
5.70%
7.50%

Thick MSL

Oligohyramnios

Fetal HR dips

1.80%
28.40%

Figure 2: Indications of CD for fetal distress.

11.40%

11.40%
16.90%
16.90%
Previous LSCS
Fetal Distress
Arrest of Dilatation
CPD

Primi Breech
Mild/Mod MSL
Arrest of Labour
Deep Transverse Arrest

Group NE (n=120)
4.20%
7.50%

0.80%

Table 2: Umbilical artery acid-base balance.
29.20%

11.60%

9.20%

17.50%
Previous LSCS
Mild/mod MSL
CPD

The mean umbilical artery pH in the PE group and NE
group did not differ significantly (Table 2). However,
subgroup analysis showed fetal acidosis in the 39 patients
who had undergone CD for fetal distress. A significantly
greater dip in fetal pH was seen in the PE group as
compared to the NE group (p<0.001, Table 3).
Additionally, some patients undergoing elective CD for
non-fetal distress indications were found to have
umbilical artery pH<7.2. The number of such patients
were comparable (Table 4).

20%
Primi breech
Arrest of dilatation
DTA

fetal distress
Arrest of labor

Umbilical
artery
parameters
pH
PaO2
PaCO2
BE
Lactate

Group PE,
(n=106),
Mean ± SD
7.236±0.091
22.07±3.83
47.83±2.12
2.808±0.839
2.37±0.89

Group NE,
(n=120),
Mean ± SD
7.248±0.052
21.76±3.51
47.74±2.38
2.676±0.745
2.24±0.91

P value
0.199
0.523
0.775
0.210
0.276

Values are mean ± SD, group PE-Group phenylephrine, group
NE-Group norepinephrine, PaO2-Partial pressure of oxygen in
arterial blood, PaCO2-Partial pressure of carbon dioxide in
arterial blood, BE-Base excess.

Figure 1: Indications for CD.
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Table 3: Umbilical artery acid-base balance in the
fetal distress subgroup.
Group PE,
(n=18),
Mean ± SD
7.062±0.045
18.07±2.02
49.82±2.33
3.644±1.043
3.79±1.19

Group NE,
(n=21),
Mean ± SD
7.183±0.035
18.20±3.50
49.04±3.07
3.048±1.008
3.32±1.52

85

DBP (in mm of Hg)

Umbilical
artery
parameters
pH
PaO2
PaCO2
BE
Lactate

90

P value
<0.001
0.646
0.119
0.073
0.156

Values are mean ± SD, Group PE-Group phenylephrine, group
NE-Group norepinephrine, PaO2-Partial pressure of oxygen in
arterial blood, PaCO2-Partial pressure of carbon dioxide in
arterial blood, BE-Base excess

80
75
70
65
60
55

50
45

Table 4: Umbilical artery acid-base balance in CD,
and pH<7.2.
Umbilical artery
parameters
pH
PaO2
PaCO2
BE
Lactate

Group PE,
(n=6),
Mean ± SD
7.159±0.031
19.80±3.62
49.30±1.45
-2.91±0.45
2.37±0.89

Group NE,
(n=8),
Mean ± SD
7.179±0.028
19.27±1.65
51.40±1.97
-3.18±0.16
2.24±0.91

Time Interval
Group PE

Figure 4: Mean DBP (Diastolic blood pressure) after
SA (Spinal anesthesia).

125

Values are mean ± SD. Group PE-Group phenylephrine, group
NE-Group norepinephrine, PaO2-Partial pressure of oxygen in
arterial blood, PaCO2-Partial pressure of carbon dioxide in
arterial blood, BE-Base excess

135
130
125

105
95
85
75

120
115

SBP (in mm of Hg)

115

HR (in beats per min)

The mean SBP, DBP, and HR at baseline, immediately
after SA, till delivery of the baby and thereafter till end of
surgery were comparable in both groups (Figure 3-5).

Group NE

65

110
105
100

Time Interval

95

Group PE

90
85

Group NE

Figure 5: Mean HR (Heart rate) after SA (Spinal
anesthesia).
Time Interval
Group PE

Group NE

Figure 3: Mean SBP (Systolic blood pressure) after
SA (Spinal anesthesia).

Group PE and group NE were compared for
hemodynamic changes in the first episode of
hypotension, lowest SBP, lowest DBP, and HR at the
time of lowest SBP. These parameters showed no
significant difference in the two groups (Table 5). The
first episode of hypotension was 2 minutes after giving
SA in both groups (Table 6).
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Table 5: Systolic BP, diastolic BP, and heart rate measured at critical points.

Groups

Group
PE
Group
NE

SBP, (mmHg) (Mean ± SD)
At first
Lowest
episode of value
Baseline
hypobeforere
tension
delivery
123.29±
90.64±
89.84±
7.73
4.97
4.7
124.30±
92.35±
89.72±
7.71
6.16
5.14

DBP, (mmHg) (Mean ± SD)
At first
Lowest
episode
value
Baseline
of hypobefore
tension
delivery
76.49±
50.17±
50.13±
7.88
6.93
6.85
77.33±
49.77±
49.38±
6.85
5.53
5.88

HR, (beats/min) (Mean ± SD)
At first
HR at
episode
Baseline
lowest
of hypoSBP
tension
93.83±
117.69± 115.11±
12.25
10.69
13.07
92.40±
116.29± 106.57±
13.32
10.88
17.05

Values are mean ± SD, group PE-Group phenylephrine, group NE-Group norepinephrine, SBP-Systolic blood pressure, DBP-Diastolic
blood pressure, HR-Heart rate.

Table 6: Time at the first vasopressor bolus
requirement for each group.
Time of
bolus dose
0-2 min
3-4 min
5-6 min
7-8 min

Group PE,
(n=106) (%)
72.6
20.8
5.7
0.9

Group NE,
(n=120) (%)
75.8
16.7
5.8
1.7

No significant difference was observed in the PE group
and NE group for the frequency of adverse effects of
vasopressors (Table 7). The mean number of vasopressor
boluses required and the total dose of vasopressor are
shown in Table 8. The neonatal outcomes in both groups
were comparable (Table 9).
Table 9: APGAR scores at 1 minute and 5 minutes
were comparable in both groups.

Values are in percentage (%). Group PE-Group phenylephrine,
Group NE-Group norepinephrine, min-Minute.

Table 7: Maternal intraoperative complications.
Complications
Bradycardia
Lowest HR, median
(IQR), (n=16)
Hypertension
Hypertension
SBP
(mmHg, n=17)
DBP
(Median)
Nausea and vomiting

Group
PE,
(n=106)
14.2%
47
(42-49)
9.4%
154

Group
NE,
(n=120)
0.8%
49
(49)
6.6%
152

94

92

43%

43.7%

P
value
<0.001

0.68

0.515

Values of bradycardia, hypertension and nausea and vomiting
are in Percentage (%). Group PE-Group Phenylephrine, Group
NE-Group Norepinephrine, IQR-Interquartile range, SBPSystolic Blood Pressure, DBP-Diastolic Blood Pressure, HRHeart Rate, mmHg-Millimetres of Mercury.

Table 8: Number of vasopressor boluses required
before delivery, and mean boluses required in each
group.
Boluses required
1
2
3
4
5
Required boluses
(Mean ± SD)

Group PE,
(n=106) (%)
53 (50)
51 (48.1)
2 (1.9)
0 (0)
0 (0)

Group NE,
(n=120) (%)
20 (16.7)
41 (34.2)
43 (35.8)
15 (12.5)
1 (0.8)

1.51±0.54

2.46±0.94

Values are in percentage (%) and mean ± SD, group PE-Group
phenylephrine, group NE-Group norepinephrine.

Neonatal
APGAR
1 min
5 min
HIE

Group PE,
(n=106)
Mean ±
SD
8.9±0.14
9.7±0.13
0

Range
8-9
8-9

Group PE,
(n=120)
Mean ±
Range
SD
8.9±0.46 9-10
9.7±0.46 9-10
0

Values are mean ± SD. Group PE-Group Phenylephrine, Group
NE-Group Norepinephrine

DISCUSSION
The results of our study show that when used to treat
post-spinal hypotension in CD, both PE and NE do not
cause any significant difference in the UA pH values.
However, on subgroup analysis, it was observed that the
lower pH values were seen in patients who underwent
CDs for fetal distress with more fetal acidosis observed in
patients receiving PE as compared with NE, the
difference being statistically highly significant (p<0.001).
Ours is probably the first study to evaluate UA acid-base
values as a primary outcome when comparing
intermittent boluses of PE with NE to prevent post-spinal
hypotension during CD. Most studies comparing the two
drugs have focused on hemodynamic parameters such as
bradycardia and hypotension, and commented on the
difference in UA acid base values only as a secondary
outcome. Therefore, the results of this study have
important clinical implications, in that if fetal bradycardia
or fetal distress is present, PE may not be an ideal agent
for the treatment of post-spinal hypotension in patients
undergoing CD. This area needs further research.
We used 100 µgm of PE as a bolus to treat the first
episode of hypotension and compared it with 8 µgm of
NE. This was as per the estimated dose equivalent
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suggested by Ngan Kee et al in a random-allocation,
graded dose-response study. The outcome of our study is
comparable to this study as the authors reported no
change in fetal pH values between the two groups. The
pH values in our study are a little lower than observed in
their study which could be because we also included
patients with fetal distress in our study.15 Concurrent with
our results, the incidence of fetal acidosis (pH<7.2) was
found similar with the use of PE and NE.
Dong et al did not report any significant difference in pH
with use of either drug.16 Patients were randomized to
receive prophylactic bolus NE (10 μgm) or PE (50 μgm)
immediately after SA. The incidence of bradycardia was
significantly lower in the NE group than that in the PE
group (p<0.05). Cardiac output at 5 min was significantly
greater in the NE group than that in the PE group
(p<0.05). Sharkey et al and Vallejo et al also reported no
difference in UA blood gases between PE and NE. 17,18
However, both these studies were in women presenting
for elective CD. Similarly, in many of their subsequent
studies, the pioneers of NE use in obstetrics, Ngan Kee et
al have not reported any difference in the UA blood gases
between PE and NE when used in elective CDs.12,19-20
Both drugs were equally efficacious in maintaining BP.
However, the incidence of bradycardia was higher with
the use of PE in our study. It is obvious that fetal
wellbeing is compromised leading to fetal acidosis in
cases of fetal distress. Any deterioration in maternal
hemodynamics can add insult to injury. If a drug like PE
is used in these cases, the bradycardia and fall in CO that
it causes as a result of its pharmacologic profile only
makes the situation more catastrophic. Although it seems
logical that PE is to be avoided in fetal distress cases,
reports on the use of PE in patients undergoing CD for
fetal distress are limited.21 Similar to our study, high
incidence of bradycardia with the use of PE has been
reported by Dong et al and Sharkey et al. 16,17 Bradycardia
was the primary outcome in the study conducted by
Sharkey et al.17 Patients in the PE group had a higher risk
of multiple bradycardia episodes (≥2 episodes) compared
to the NE group. No differences were observed between
the 2 groups in the incidence of other secondary
outcomes. However, results not corroborating with ours
were observed by Vallejo et al who reported no
difference in the incidence of bradycardia between group
PE and group NE, probably because the drugs were used
in the potency ratio of 2:1 in their study instead of the
usual potency ratio 20:1.18
The use of NE was associated with episodes of
hypertension, although transient. The majority of the
studies regarding NE are dose-finding studies, and there
is no mention of hypertension episodes in these studies.
The episodes of hypertension could relate to the use of
NE as a bolus and using it as a continuous infusion could
probably eliminate this adverse effect. Furthermore, a
continuous infusion would also reduce the number of
intermittent boluses required, which were more with the

use of NE as compared with PE. This can be explained on
the basis of drug pharmacokinetics, NE being an
extremely short acting drug.
Xu et al recently published a systematic review and metaanalysis to compare the efficacy and safety of NE and
PE.22 The authors concluded that NE is a promising
alternative to PE, with similar efficacy to manage
maternal hypotension as PE; with the added advantage of
reduction in certain side effects like bradycardia and
nausea and vomiting. Further, they did not observe a
difference between the two vasopressors in the incidence
of neonatal APGAR scores <7 at 1 and 5 mins or in UV
blood gas which is a finding corroborated by our
observations too and by many other authors.14-17,20
However, we were unable to find any published data in
which HIE has been used for the assessment for neonatal
outcome. Most studies have used the Apgar score to
assess neonates at 1 and 5 mins.
The main limitation of our study was that it was an
observational study as a randomized control trial is not
permitted by our IEC due to the ethical issues related to
research on high-risk and emergency obstetric cases. The
dose-response analysis was based on the treatment of the
first episode of hypotension after induction of SA, and
the response may be different after the treatment of
subsequent episodes of hypotension. Although we
compared 8 µg NE with 100 µg PE but the true potency
ratio and hence the comparable doses are still a little
uncertain in obstetric patients. Also, could not measure
CO directly and recorded HR as surrogate marker.
In conclusion, our study showed that fetal pH was
effectively maintained within normal range with both NE
and PE used for treatment of post-spinal hypotension in
CD. In patients undergoing CD for the indication of fetal
distress, fetal pH was acidotic in both groups, but better
maintained with the use of NE than PE. Norepinephrine
is as effective as PE in preventing post-spinal
hypotension, with significantly lower incidence of
bradycardia, although it causes transient episodes of
hypertension when used as intermittent boluses. The
neonatal outcome was similar with both the drugs.
Therefore, we recommend that NE be used to prevent
post-spinal hypotension in CDs, particularly in
parturients with an indication of fetal distress. However,
further research is needed to confirm the safety and
efficacy of NE in larger groups of obstetrics patients with
fetal distress.
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