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Abstract

sing attention for the management of maternal hypotension during
Background: In recent years, norepinephrine has attracted increa
elective cesarean section with spinal anesthesia. Intermittent bolus is a widely used administration paradigm for vasopressors in
obstetric anesthesia in China. Thus, in this randomized, double-blinded study, we compared the efficacy and safety of equivalent
bolus norepinephrine and phenylephrine for rescuing maternal post-spinal hypotension.
Methods: In a tertiary women’s hospital in Nanjing, China, 102 women were allocated with computer derived randomized number
to receive prophylactic 8 mg norepinephrine (group N; n= 52) or 100 mg phenylephrine (group P; n= 50) immediately post-spinal
anesthesia, followed by an extra bolus of the same dosage until delivery whenever maternal systolic blood pressure became lower
than 80% of the baseline. Our primary outcome was standardized maternal cardiac output (CO) reading from spinal anesthesia
until delivery analyzed by a two-step method. Other hemodynamic parameters related to vasopressor efficacy and safety were
considered as secondary outcomes. Maternal side effects and neonatal outcomes were collected as well.
Results:Compared to groupP,women in groupNhad a higherCO (standardizedCO5.8± 0.9 vs. 5.3± 1.0 L/min, t= 2.37,P= 0.02)
and stroke volume (SV, standardized SV 73.6± 17.2 vs. 60.0± 13.3mL, t= 4.52, P< 0.001), and a lower total peripheral resistance
(875± 174 vs. 996± 182 dyne·s/cm5, t= 3.44, P< 0.001). Furthermore, the incidence of bradycardia was lower in group N than in
group P (2% vs. 14%, P= 0.023), along with an overall higher standardized heart rate (78.8± 11.6 vs. 75.0± 7.3 beats/min,
P= 0.049). Other hemodynamics, as well as maternal side effects and neonatal outcomes, were similar in two groups (P> 0.05).
Conclusions: Compared to equivalent phenylephrine, intermittent bolus norepinephrine provides a greater CO for management of
maternal hypotension during elective cesarean section with spinal anesthesia; however, no obvious maternal or neonatal clinical
advantages were observed for norepinephrine.
Keywords: Norepinephrine; Phenylephrine; Cardiac output; Cesarean section

Introduction a-adrenergic receptor agonist property; however, at the

usual clinical dose, it is devoid of b-adrenergic receptor
Maternal hypotension is a common complication during
cesarean section with spinal anesthesia, which can possibly
result from a synergy of reduced venous return, reduced
cardiac output (CO), or decreased peripheral vascular
resistance. It usually leads to adverse maternal outcomes
such as nausea, vomiting, and dizziness. Besides, compro-
mised placental perfusion raises the concerns of fetal
acidosis, hypoxia, and even postnatal neurological inju-
ry.[1] Thus, effective prevention or treatment of maternal
hypotension is of great clinical significance.

Phenylephrine is the current gold-standard vasopressor in
obstetric anesthesia to rescue maternal hypotension. It has
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activity, which comes with undesired side effects, such as
dose-dependent depression of heart rate (HR) companied
by a decrease of CO. Unlike phenylephrine, norepineph-
rine has weak b receptor agonistic properties, other than
a-receptor agonism property. Our previous work system-
atically discussed its feasibility as a substitution of
phenylephrine based on available limited clinical trials
and suggested it is a promising alternative for phenyleph-
rine in obstetric anesthesia.[2,3]

Although prophylactic infusion to prevent spinal hypoten-
sion is recommended,[4] intravenous bolus is still the
favorite medication paradigm for most anesthesiologists in

Correspondence to: Dr. Xiao-Feng Shen, Department of Anesthesiology, Women’s

Hospital of Nanjing Medical University, Nanjing Maternity and Child Health Care
Hospital, Nanjing, Jiangsu 210004, China
E-Mail: sxf0418@126.com

Copyright © 2020 The Chinese Medical Association, produced by Wolters Kluwer, Inc. under the
CC-BY-NC-ND license. This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from the journal.

Chinese Medical Journal 2020;133(5)

Received: 29-06-2019 Edited by: Li-Min Chen

mailto:sxf0418@126.com
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0


China.[5] Besides, use of intermittent intravenous norepi-
nephrine bolus seems feasible to prevent spinal induced

Intra-operative monitor and patient management
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hypotension in obstetric patients without presence of
obvious side effects.[6] In this study, we observed the
hemodynamics as well as the efficacy and safety of
equivalent norepinephrine and phenylephrine for rescuing
maternal post-spinal hypotension when a bolus was
injected. Maternal hemodynamics, as well as maternal
side effects, neonatal Apgar scores, and umbilical cord
blood gas analysis were recorded. We hope this study can
provide new evidence about the efficacy and safety of
norepinephrine for post-spinal hypotension.

Methods
Ethical approval

This study was approved by the Clinical Research Ethics
Committee of Women’s Hospital of Nanjing Medical
University, Nanjing Maternity and Child Health Care
Hospital, Nanjing, China (No. 2018-79) and was
conducted between June and July 2018. All enrolled
subjects provided written informed consent after recruit-
ment.

Inclusion criteria
The inclusion criteria were American Society of Anes-
thesiologists I or II, primiparity, singleton, term pregnancy,
elective cesarean section, and scheduled for spinal
anesthesia. Eligible subjects were invited to participate
in the study immediately after entering the operating room.

Exclusion criteria
Subjects with one or more of the following characteristics
were excluded from the study: younger than 18 or older
than 45 years of age; weight less than 50 kg or more than
100 kg; height shorter than 140 cm or taller than 180 cm;
multiparous women; twin gestation; suspected fetal
compromise; concurrent with pre-existing hypertension
or pregnancy-related hypertension; comorbid with preg-
nancy-related diabetes; comorbid with cardiovascular or
cerebrovascular disease; diagnosed with depression or
anxiety during pregnancy; occurrence of intra-operative
shivering; patients taking monoamine oxidase inhibitors,
serotonin reuptake inhibitor, or tricyclic antidepressant;
failure in spinal anesthesia.

Randomization assignment
10
Using the random allocation protocol, a random number
was generated via the online software QuickCalcs#
(GraphPad Inc., San Diego, CA, USA), and eligible
subjects were allocated to receive norepinephrine (group
N) or phenylephrine (group P). Just before the spinal
anesthesia administration, the group assignment number
was allocated to determine which vasopressor would be
given. If one specific subject was excluded from the study
and lost in follow up, this number would be automatically
allocated to the next enrolled subject. The patient and the
anesthesiologist on duty were blinded to the group
allocation.

5

The antecubital vein was routinely cannulated with an 18-
G indwelled needle. CO, stroke volume (SV), and total
peripheral resistance (TPR) were monitored using a
Cheetah transthoracic impedance NICOM monitor
(Cheetah Medical, Israel). After entering the patient’s
age, height, weight, and sex, the monitor was connected to
the patient with four sensor pads encircling the heart
located at the bilateral clavicles and lower thorax walls,
respectively. Meanwhile, monitor (BSM 2351K, NIHON
KOHDEN, Tomioka, Japan) was attached to detect the
electrocardiogram, blood pressure (BP), and pulse oxime-
try. The mean value of three repeated measures of each
parameter was obtained as baseline value.

Thereafter, parturients were placed in the left lateral
position for spinal anesthesia by the anesthesiologist on
duty. After skin sterilization and regional infiltration with
2 mL 2% lidocaine, a 25-G pencil-point needle was
inserted at the L3-4 vertebral interspace and 15 mg 0.5%
ropivacaine was intrathecally injected. After spinal
anesthesia, the parturient was replaced to the supine
position with a wedge pillow under the right hip for a
lateral approximately 30° tilt. Meanwhile, lactated Ringer
solution was rapidly coloaded with the flow slowed to a
maintenance rate only after delivery.

Immediately after intrathecal injection, 8mg norepinephrine
or 100 mg phenylephrine was bolus-injected according to
groupallocation. If hypotensionwasobserved thereafter, an
extra bolus of 8mg norepinephrine or 100mg phenylephrine
was injected in line with the group allocation. Our primary
outcome was maternal CO post-spinal anesthesia. Other
hemodynamic parameters related to vasopressor efficacy
and safety were considered secondary outcomes, including
systolic BP (SBP), HR, SV, TRP, incidence of requirement
for extra bolus, time to first extra bolus, and frequency of
extra bolus, incidence of bradycardia, bradycardia comor-
bid with hypotension, and hypertension. Maternal side
effects and neonatal outcomes including Apgar score and
blood gas analysis were collected as well.

The dose of norepinephrine and phenylephrine were
chosen according to a previous random allocation graded
dose-response study, which determined the equivalent dose
of norepinephrine to be 8 mg (95% confidence interval, 6–
10 mg) compared to 100 mg of phenylephrine when used to
rescue the first episode of hypotension.[7] Either norepi-
nephrine or phenylephrine was prepared by a specific study
member and diluted using normal saline solution to 8 or
100 mg/mL, respectively.

In the study, maternal hypotension and hypertension were
defined as SBP <80% or >120% of the baseline value.
Bradycardia was defined as HR <60 beats/min. Sole
HR <60 beats/min without hypotension was managed
expectantly. However, if HR <50 beats/min or HR
<60 beats/min comorbid with hypotension, the parturient
was treated with 0.5 mg atropine, an anticholinergic drug.
We also recorded the total amount of intravenous fluid
given until delivery, as well as blood loss throughout
the surgery. Furthermore, sensory anesthesia level was
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determined via ice, if adequate (T5) the surgery was
permitted to start. During the anesthesia and operation, all

Baseline hemodynamic parameters including SBP, HR,
CO, SV, and TPR were comparable between the two
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the parturients breathed air spontaneously, additional
oxygen was given only when the pulse oximeter was lower
than 95%. The study endpoint was set at delivery;
afterward, hemodynamic management was at the discre-
tion of the anesthesiologist on duty.

Sample size calculation
We calculated the sample size according to CO. In the pilot
study, 8 mg norepinephrine or 100 mg phenylephrine was
immediately bolus-injected after spinal anesthesia, at 2-
min post-injection, and we obtained a CO value
7.5± 1.1 L/min for norepinephrine and 6.6± 1.5 L/min
for phenylephrine, respectively. When a was set at 0.05, b
at 0.10, and the power of test (1-b), at 0.90, a minimum of
46 subjects per group was required to detect a statistical
significance. Considering potential dropouts or missing
data, the sample size was increased to 50 patients.

Statistical analysis
Discussion
Data are expressed as the mean ± standard error of mean,
median (interquartile range), median (minimum to maxi-
mum) or number (percentage) in this study. Inter-group
univariate data were tested for normality distribution with
the D’Agostino-Pearson omnibus normality test followed
with non-paired t test or Mann-Whitney test accordingly.
Nominal data between groups were compared with Chi-
square test or Fisher exact test. Of note, serial hemody-
namic data between groups were analyzed using a two-step
summary measure.[8] This was due to the variation of
number of data points among parturients; therefore, it was
not adequate to compare mean values in one particular
time point for serial variables. Thus, we calculated area
under the curve of each parturient, which was then divided
by the number of recording points of this specific subject to
derive one standardized value. Furthermore, the standard-
ized data were compared by routine inter-group analysis
using a t test orMann-Whitney test. Statistical analysis was
performed with GraphPad Prism v.7.0 software (Graph-
Pad Inc.). A P value <0.05 was considered to be
statistically significant.

Results
11
A detailed flow chart of parturients enrollment, allocation,
follow-up, and analysis is shown in Figure 1. A total of 160
parturients were initially enrolled in this study, and after
strict exclusion and follow-up, 52 and 50 parturients were
finally allocated to groups N and P, respectively. Table 1
shows the parturient characteristics, with no significant
differences observed between groups. The varying surgical
time among subjects led to the varied number of
hemodynamic recordings after spinal anesthesia being
obtained. Umbilical artery (UA) blood gas analysis was not
performed in four and five subjects in groups N and P,
respectively, due to insufficient blood, inadequate anti-
coagulation, or equipment failure, whereas umbilical
venous (UV) blood gas analysis was not performed in
three and four subjects in groups N and P, respectively.

5

groups as shown in Table 2. The incidence of bradycardia,
defined as HR <60 beats/min was lower in group N
compared with that in group P (2% vs. 14%, x2= 5.14
df= 1, P= 0.023). Consistently, standardized HR was
higher in group N compared to group P (standardized HR
78.8± 11.6 vs. 75.0± 7.3 beats/min, t= 1.99, P= 0.049).
Additionally, no significant differences were observed in
standardized SBP and other hemodynamic parameters.
Maternal side effects, including nausea, vomiting, and
dizziness were not different between the groups.

Figure 2 shows the changes in CO, SV, and TPR in the first
10 min post-spinal anesthesia, which was the greatest time
point for data available for most patients. Compared with
group P, women in group N had a higher CO
(standardized CO 5.8± 0.9 vs. 5.3± 1.0 L/min, t= 2.37,
P= 0.02), SV (standardized SV 73.6± 17.2 vs.
60.0± 13.3 mL, t= 4.52, P< 0.001), and a lower TPR
(875± 174 vs. 996± 182 dyne·s/cm5, t= 3.44, P< 0.001).
However, as presented in Figure 3, when compared with
baseline values, CO increased in group N but decreased in
group P (4% vs. �5.7%, P= 0.0029), with significant
statistical difference also observed for HR (�6.7% vs.
�12.1%, P= 0.0036), SV (2.0% vs. �2.2%, P< 0.0001),
and TPR (�35.0% vs. �27.8%, P< 0.001).

The neonatal outcomes are shown in Table 3. All Apgar
scores at 1 and 5 min were greater than 7, and no neonate
had a UA or UV pH less than 7.2. Glucose content was
higher in group N compared to group P in both UA (3.5
[1.1–5.3] vs. 3.3 [2.1–5.3], P= 0.046) and UV (4.4 [2.5–
7.7] vs. 4.2 [3.1–6.2], P = 0.04). Besides, UA and UV PO2
were higher in group N than in group P; however, no
statistically significant differences were observed. Similar-
ly, the other blood gas analysis variables, including PCO2,
HCO3

�, base excess (BEecf), glucose, and lactate were
similar between the two groups.
This study showed a phenylephrine equivalent bolus of
norepinephrine provided a greaterCO,HR, SV, anda lower
TPR to manage post-spinal hypotension; however, both
showed a similar efficacy and safety for other maternal
hemodynamics parameters and neonatal outcomes.

A typical cardiovascular response to spinal anesthesia is
the prominent decrease of TPR, while BP is maintained by
a synergy of CO and TPR; therefore, the body increases SV
and HR as a compensatory mechanism. However, due to
multiple and intricate reasons, such as sympathetic
blockade, peripheral vascular dilation, and reduced venous
return, the compensation is usually insufficient to maintain
maternal BP in the absence of appropriate intervention.
Thus, the use of vasopressors is recommended to counter
the decrease in arteriolar vasodilation and systemic
vascular resistance,[9] with commonly used ephedrine,
phenylephrine, or norepinephrine, all of which have an
a-adrenergic effect.
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Phenylephrine is commonly used; however, as a pure a
agonist, it shows a dose-dependent negative chronotropic

compared to phenylephrine with superiority mainly deriv-
ing from a better HR rather than SV. Further, a study by

Figure 1: Flow chart of parturient enrollment, allocation, follow-up, and analysis.
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response, in turn decreasing CO and harming the fetus in
certain circumstances.[10] Meanwhile, norepinephrine has a
weakb1 adrenergic effect, rendering it less likely to decrease
HR and theoretically offer a better maintenance of CO. In a
previous study, Ngan Kee et al[11] compared the efficacy of
computer-controlled variable infusion of 0 to 5 mg/min
norepinephrine or 0 to 100 mg/min phenylephrine in
maintaining maternal SBP near the baseline value. Their
study found that norepinephrine provided a higher CO

5

Vallejo et al compared the effects of a fixed infusion rate of
0.05 mg·kg�1·min�1 norepinephrine vs. 0.1 mg·kg�1·min�1

phenylephrine on maternal hemodynamics, especially the
requirement of an extra bolus.[12] However, they did not
find a significant difference in CO, HR, SV, and systemic
vascular resistance between the two groups.

Our study differs from these studies as it showed a
superiority of CO post norepinephrine bolus, which might
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be obtained from the synergy of HR and SV, but not HR
alone. Several reasons may cause such discrepancy. First,

hemodynamic alteration, which is a kind of pulse contour
analysis methodmore suited for trend analysis. In contrast,

Table 1: Parturient characteristics and surgical times of all patients.

Characteristics Group N (n= 52) Group P (n= 50) P

Age (year) 32± 4 32± 5 0.70
Height (cm) 161.9± 4.9 162.3± 4.4 0.65
Weight (kg) 72± 9 71± 8 0.45
Gestational age (day) 274.1± 9.3 273.1± 8.6 0.60
Fasting time (h) 11± 4 11± 3 0.56
Block dermatome (at 5 min) T6 (T5-T6) T6 (T5-T6) 0.42
Block dermatome (at 15 min) T4 (T3-T5) T4 (T4-T5) 0.45
Volume of cohydration (mL) 759 ± 91.7 740± 79.2 0.27
Estimated blood loss (mL) 483.7± 159.6 477± 146.8 0.83
Time interval
Induction to delivery (s) 534.8± 155.6 555.6± 156.7 0.45
Incision to delivery (s) 188.3± 77.75 218.8± 102.5 0.10
Uterine incision to delivery (s) 60± 38 58± 34 0.83

Number of SBP/HR measurement 8 (6–13) 8 (6–15) 0.64

Data are shown as mean± standard error or median (interquartile range, IQR). Data were compared with non-paired t test. SBP: Systolic blood pressure;
HR: Heart rate.

Table 2: Maternal hemodynamic data, side effects, and drug administration.

Items Group N (n= 52) Group P (n= 50) Statistics P

Hemodynamic data
Baseline SBP (mmHg) 118.9± 6.3 116.4± 7.3 t= 1.84 0.07

∗

Baseline HR (beats/min) 85± 7 85± 7 t= 0.61 0.54
∗

Baseline CO (L/min) 5.62± 0.87 5.73± 0.92 t= 0.61 0.54
∗

Baseline SV (mL) 74± 17 69± 10 t= 1.76 0.08
∗

Baseline TPR (dyne·s/cm5) 1361± 248 1380± 220 t= 0.41 0.69
∗

Incidence of need for extra bolus 35 (67%) 32 (64%) x2= 0.12 df= 1 0.73†

Time to first extra bolus (min) 5.1± 0.3 5.6± 0.4 t= 1.02 0.31
∗

Frequency of extra bolus 1 (1–2) 1 (1–2) t= 1.25 0.22
∗

Incidence of bradycardia 1 (2%) 7 (14%) x2= 5.14 df= 1 0.023†

Bradycardia + hypotension 0 2 (4%) x2= 2.12 df= 1 0.24†

Hypertension 0 0 >0.99†

Standardized SBP 97.1± 8.0 95.0± 6.8 t= 1.37 0.17‡

Standardized HR 78.8± 11.6 75.0± 7.3 t= 1.99 0.049‡

Standardized CO 5.8± 0.9 5.3± 1.0 t= 2.37 0.02‡

Standardized SV 73.6± 17.2 60.0± 13.3 t= 4.52 <0.001‡

Standardized TRP 875 ± 174 996± 182 t= 3.44 <0.001‡

Maternal side effects
Nausea 2 (4) 4 (8) x2= 0.79 df= 1 0.43†

Vomiting 0 1 (2) x2= 1.03 df= 1 0.50†

Dizziness 0 0 >0.99†

Drug administration
Total norepinephrine (mg) 16 (8–40) – –

Total phenylephrine (mg) 100 (100–400) –

Atropine required 0 2 (4) x2= 2.12 df= 1 0.49†

Data are expressed as the mean± standard error, median (interquartile range, IQR), median (minimum to maximum) or number (percentage).
∗
Non-

paired t test. †Chi-square test. ‡AUC calculation following with t test. SBP: Systolic blood pressure; HR: Heart rate; CO: Cardiac output; SV: Stroke
volume; TPR: Total peripheral resistance.
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the detection method of cardiovascular function is
different. Ngan Kee et al’s study[11] applied non-invasive
suprasternal Doppler to track the CO and SV trend,
requiring a more subjectively determination of the aortic
valve cross-sectional area location. Vallejo et al[12] adopted
a Nexfin non-invasive hemodynamic monitor to reflect

5

the NICOM applied in our study may provide sequential
quantitative values automatically updated every one
minute, rendering it possible to calculate relative changes
and perform more precise intergroup comparison. Second,
the dosing regimen and hemodynamic management
objectives are different. Ngan Kee et al[11] and Vallejo
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et al[12] infused norepinephrine or phenylephrine continu-
ously to maintain SBP near 100% or 100% to 120% of the

groups. The incidence of maternal side effects, including
nausea, vomiting, and dizziness, is small and comparable.

Figure 2: Hemodynamic trends including CO (A), SV (B), and TPR (C) during the observational period are depicted in parturients receiving norepinephrine and phenylephrine in the first 10
min post-anesthesia. Norepinephrine treatment is associated with a higher CO, SV, and lower TPR compared to phenylephrine. Horizontal coordinates in A–C mean minutes post-spinal
anesthesia. CO: Cardiac output; SV: Stroke volume; TPR: Total peripheral resistance.

Figure 3: Hemodynamic variables including HR, CO, SV, and TPR at baseline and post-analgesia are presented in parturients receiving norepinephrine (gray) and phenylephrine (black).
Norepinephrine treatment is associated with an increase of CO and SV, reduced decrease of HR, and a greater decrease of TPR compared to phenylephrine. Data are shown as
mean ± standard error, and intergroup comparison is performed with non-paired t test.

∗
P< 0.05. CO: Cardiac output; HR: Heart rate; SV: Stroke volume; TPR: Total peripheral resistance.
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baseline values, respectively. However, in our study,
norepinephrine or phenylephrine was bolus-injected to
achieve an SBP higher than 80% of the baseline values.
Finally, Ngan Kee et al compared norepinephrine with
phenylephrine according to an estimated potency ratio of
20:1,[11] while a ratio of 2:1 was adopted in Vallejo et al’s
study,[12] and 13:1 in ours. Despite the differences, both
Ngan Kee et al’s study and ours consistently showed a
higher CO advantage of norepinephrine compared to
phenylephrine.

Other than the statistical CO superiority, we observed a
similar efficacy of intermittent bolus norepinephrine and
phenylephrine in maintaining maternal SBP as shown in
Table 2. Besides, one observed significant different side
effect is bradycardia, which has an incidence 2% for
norepinephrine and 14% for phenylephrine. This, com-
bined with a higher HR with norepinephrine throughout
the observational period shown in Figure 2B, collectively
suggests an obvious HR advantage compared to phenyl-
ephrine. Nevertheless, other than HR, we did not find
other evidence of adverse maternal outcomes between the

5

On the other hand, one important objective of hemody-
namic management is to ensure adequate uteroplacental
blood flow, which is highly correlated with CO rather than
BP.[13,14] However, the evidence for this is indirect and it
remains to be confirmed whether a global measure of CO
correlates with regional uteroplacental perfusion. Besides,
CO superiority of norepinephrine in our study is relative,
other studies including this study, have consistently shown
excellent neonatal outcomes of phenylephrine even with
large doses or in the presence of bradycardia.[15,16] Apgar
score is comparable in the two groups. No neonatal Apgar
score <7 at 1 min or Apgar score <9 at 5 min were
reported. A higher UA or UV glucose content was observed
in group N compared to group P, because this was not
associated with a difference in pH, BE, or blood lactate, it
might be plausibly resulted from the maternal glucose
content difference and followed placental transfer, rather
the effect of vasopressors. Collectively, the absence of
obvious clinical advantages questioned the CO superiority
observed herein. We suggest further work be performed to
determine the CO advantage of norepinephrine in
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conditions where uteroplacental perfusion is restricted
such as in fetal compromise or preeclampsia.

obstetric spinal anesthesia, a combination with the b1
agonism derived inotropic effect, it might partially explain

1. Macarthur A, Riley E. Obstetric anesthesia controversies: vasopres-

Table 3: Neonatal outcomes of the two groups.

Items Group N (n= 52) Group P (n= 50) Statistics P value

Birth weight (g) 3402± 59 3492± 64 t= 0.76 0.30
∗

Apgar score (0–10)
1-min 10 (7–10) 10 (7–10) U= 1294 0.97‡

5-min 10 (9–10) 10 (9–10) U= 1133 0.19‡

Incidence of 1-min Apgar <7 (n) 0 0 >0.99†

Incidence of 5-min Apgar <9 (n) 0 0 >0.99†

UA blood gas analysis n= 48 n= 45
pH 7.32 (7.24–7.36) 7.32 (7.25–7.37) U= 924 0.23‡

Incidence of pH <7.2 0 0 >0.99†

PO2, mmHg 15.0 (6.0–47.0) 13.0 (6.0–26.0) t= 0.97 0.33
∗

PCO2, mmHg 51.0 (39.0–59.0) 51 (42.0–59.0) t= 0.06 0.95
∗

HCO3
� (mmol/L) 22.2 (17.4–26.3) 21.2 (19.7–23.5) t= 1.62 0.11

∗

BE (mmol/L) 0.24 (�6 to 3.3) �0.22 (�4.6 to 3.1) t= 1.24 0.22
∗

Glu (mmol/L) 3.5 (1.1–5.3) 3.3 (2.1–5.3) U= 823 0.046‡

Lac (mmol/L) 1.3 (0.8–2.0) 1.2 (0.8–1.9) U= 1034 0.72‡

UV blood gas analysis n= 49 n= 46
pH 7.37 (7.31–7.42) 7.37 (7.29–7.41) t= 0.79 0.43

∗

Incidence of pH <7.2 0 0 >0.99†

PO2, mmHg 26.2 (15.0–40) 26.1 (14.0–42.0) t= 0.11 0.92
∗

PCO2, mmHg 41.0 (34.0–50.0) 42 (36.0–51.0) t= 0.06 0.95
∗

HCO3
� (mmol/L) 22.3 (19.9–25.2) 22.4 (18.9–25.8) t= 0.44 0.66

∗

BE (mmol/L) �1. 4 (�4.4 to 3.2) �1.2 (�4.8 to 2.0) t= 0.33 0.74
∗

Glu (mmol/L) 4.4 (2.5–7.7) 4.2 (3.1–6.2) U= 856 0.042‡

Lac (mmol/L) 1.2 (0.8–1.8) 1.2 (0.9–1.6) t= 1.23 0.21
∗

Data are expressed as the mean± standard error, median (interquartile range, IQR), median (minimum to maximum) or number (percentage).
∗
Non-

paired t test. †Chi-square test. ‡Mann-Whitney test. UA: Umbilical artery; BE: Base excess; Glu: Glucose; Lac: Lactic acid; UV: Umbilical venous.
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As shown in Figure 3, HR decreased below the baseline to
a less extent with norepinephrine in both groups.
Norepinephrine has both direct positive chronotropic
and reflective negative chronotropic actions, and the
overall effect on HR presents to be widely variable.[17] In
rescuing general anesthesia-induced hypotension, low
doses of bolus norepinephrine (5 mg) and phenylephrine
(50 mg) caused an equivalent increase of mean arterial
pressure and SV, as well as a significant equivalent decrease
of HR.[18] Ngan Kee et al also observed a lesser decrease of
HR in response to norepinephrine compared to phenyl-
ephrine; however, absolute change compared to the
baseline was not explored in his study.[11] Types of
anesthesia, different populations, and volume conditions
may underlie such HR reaction discrepancy.

Norepinephrine provides a higher SV compared to
phenylephrine when bolus was injected as shown in
Figure 3. In our study, patients in both groups fasted for
a similar duration and underwent a standard anesthesia
procedure, fluidmanagement, andpatient positioning at the
timeof vasopressor injection, thus the effect of volume status
on SV was excluded with the observed SV discrepancy
largely resulting from the action of specific vasopressor.
Norepinephrine causes an arterial and venous vasocon-
striction, thus improving venous return and cardiac
preload.[19,20] Although the exact action of norepinephrine
on preload still needs to be validated in the context of

5

the increased SV compared to phenylephrine.

Furthermore, norepinephrine restored TPR less effectively
compared to phenylephrine. This lower TPR may lead to a
higher SVwithnorepinephrine, andan inferiora-adrenergic
mediated vasoconstriction action cannot be excluded.
Although the potency ratio for norepinephrine to phenyl-
ephrine is approximately 13:1, in termsof SBPmaintenance,
suchvalues aremuchhigherwith regard to the restorationof
TPR in the context of obstetric spinal anesthesia.

In summary, we observed a greater CO and a lower
incidence of bradycardia with norepinephrine compared to
phenylephrine when an intermittent bolus of each was
injected for the management of maternal hypotension
during elective cesarean section with spinal anesthesia.
However, such CO advantages require careful interpreta-
tion as no obvious maternal or neonatal clinical
advantages are observed.
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