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Background: Norepinephrine has fewer negative effects on heart rate (HR) and cardiac output (CO) for treating postspinal 
hypotension (PSH) compared with phenylephrine during cesarean section. However, it remains unclear whether fetuses from patients 
with severe pre-eclampsia could benefit from the superiority of CO. The objective of this study was to compare the safety and efficacy 
of intermittent intravenous boluses of phenylephrine and norepinephrine used in equipotent doses for treating postspinal hypotension 
in patients with severe pre-eclampsia during cesarean section.
Methods: A total of 80 patients with severe pre-eclampsia who developed PSH predelivery during cesarean section were included. 
Eligible patients were randomized at a 1:1 ratio to receive either phenylephrine or norepinephrine for treating PSH. The primary 
outcome was umbilical arterial pH. Secondary outcomes included other umbilical cord blood gas values, Apgar scores at 1 and 5 min, 
changes in hemodynamic parameters including CO, mean arterial pressure (MAP), HR, stroke volume (SV), and systemic vascular 
resistance (SVR), the number of vasopressor boluses required, and the incidence of bradycardia, hypertension, nausea, vomiting, and 
dizziness.
Results: No significant difference was observed in umbilical arterial pH between the phenylephrine and norepinephrine groups (7.303 
±0.38 vs 7.303±0.44, respectively; P=0.978). Compared with the phenylephrine group, the overall CO (P=0.009) and HR (P=0.015) 
were greater in the norepinephrine group. The median [IQR] total number of vasopressor boluses required was comparable between 
the two groups (2 [1 to 3] and 2 [1 to 3], respectively; P=0.942). No significant difference was found in Apgar scores or the incidence 
of maternal complications between groups.
Conclusion: A 60 µg bolus of phenylephrine and a 4.5 µg bolus of norepinephrine showed similar neonatal outcomes assessed by 
umbilical arterial pH and were equally effective when treating PSH during cesarean section in patients with severe pre-eclampsia. 
Norepinephrine provided a higher maternal CO and a lower incidence of bradycardia.
Keywords: phenylephrine, norepinephrine, hypotension, umbilical arterial pH

Introduction
Severe pre-eclampsia is a critical disorder of pregnancy associated with placental hypoperfusion.1,2 Currently, spinal 
anesthesia is the preferred anesthetic method in pre-eclamptic women without contraindications to neuraxial anesthesia.1 

Although postspinal hypotension (PSH) is less frequent, less severe, and easier to treat in patients with severe pre-eclampsia 
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compared with healthy parturients, effective treatment of hypotension is essential in women with severe pre-eclampsia 
given the potential adverse effects to the fetus for pre-existing fetoplacental hypoperfusion.1

Phenylephrine is widely used in obstetric anesthesia. However, it may cause reflex decreases in maternal heart rate 
(HR) and cardiac output (CO) while increasing blood pressure (BP).3–5 Although these changes seem to be tolerated well 
by healthy parturients and fetuses, a potentially compromised fetus born to a mother with severe pre-eclampsia may not 
be able to compensate for further reduction in uteroplacental blood.6 Therefore, investigators have explored an alternative 
vasopressor with less reflexive negative chronotropic effects.

Norepinephrine is an α-adrenergic receptor agonist with weak β-adrenergic receptor agonist activity. Growing 
evidence supports that norepinephrine is as effective as phenylephrine in maintaining BP and has better maintenance 
of HR and CO than phenylephrine.7–14 In addition, norepinephrine has advantages in neonatal outcomes. In a meta- 
analysis that included 52 RCTs with a total of 4126 patients, norepinephrine was considered to have a low probability of 
adversely affecting the fetal acid-base status as assessed by their effect on umbilical arterial base excess (probability rank 
order: norepinephrine > mephentermine > metaraminol > phenylephrine > ephedrine).15 Nevertheless, most studies 
comparing the two drugs were performed in low-risk parturients despite using different dosing regimens and schedules. 
The evidence on the optimum vasopressor choice for treating PSH in patients with severe pre-eclampsia is inadequate. 
Further studies are warranted to investigate whether norepinephrine has any clinically significant advantage on neonatal 
outcomes in this type of patient.

Therefore, we aimed to compare the safety and efficacy of phenylephrine and norepinephrine administered as 
intermittent boluses at equipotent doses for treating PSH in patients with severe pre-eclampsia during cesarean section.

Materials and Methods
This randomized, controlled, double-blinded study was conducted between June 21, 2021, and March 15, 2022, after 
approval of the Ethics Committee of Women’s Hospital, Zhejiang University School of Medicine (Hangzhou, China) 
(Approval No. IRB-20211038-R). The study was registered prior to patient enrollment at the Chinese Clinical Trials 
Registry (www.chictr.org.cn, Registration No. ChiCTR2100047529, principal investigator: Xiao-Wei Qian). Written 
informed consent was obtained from all participants.

We recruited patients with severe pre-eclampsia for cesarean section under spinal anesthesia. Exclusion criteria 
included: American Society of Anesthesiologists physical status (ASA)>4, multiple pregnancies, height<140 cm 
or>180 cm, weight<50 kg or>100 kg, age<18 years or>40 years, thrombocytopenia, coagulopathy, any contraindication 
to spinal anesthesia, active labor, umbilical cord prolapse, placenta previa or other placental abnormalities, cardiovascular 
or cerebrovascular disease, known fetal abnormalities, less than 28 weeks gestation, and inability or refusal to give 
informed consent.

A computer-generated randomization list (Microsoft Excel, Microsoft Corporation, Redmond, WA, USA) with 1:1 
allocation was created by an independent statistician. Random codes were placed in sealed opaque envelopes and 
sequentially handed to a research nurse responsible for preparing the study drugs in identical syringes labeled “study 
drug”. In cases of spinal anesthesia failure or if the patient did not develop hypotension predelivery, this patient was 
excluded from the study, and the random code was automatically allocated to the next patient. All patients, surgeons, and 
other investigators were blinded to the group allocation.

Upon arrival into the operating room, the patient was placed in the left uterine displacement (LUD) position. The 
antecubital vein was cannulated with an 18-gauge indwelling needle to establish vascular access. Standard monitoring 
was applied, including electrocardiography, non-invasive BP, and pulse oximetry. Cardiovascular monitoring was 
performed with a TL-400 non-invasive hemodynamic monitor (T-Line-400, TensysMedical Inc., San Diego, CA, 
USA). After a bracelet equipped with a sensor was placed on the wrist, the pulse wave was obtained. CO, stroke 
volume(SV), and systemic vascular resistance (SVR) could be detected. After a brief calm period, the baseline mean 
arterial pressure (MAP) and other hemodynamic parameters were determined by averaging three consecutive measure-
ments taken 1 minute apart with a difference of less than 10%.

Patients were placed in the left lateral position for regional anesthesia. The epidural puncture was performed with an 
18-gauge Tuohy needle at the estimated L1-2 vertebral interspace conformed by the loss-of-resistance to saline 
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technique. The epidural catheter was inserted 3–4 cm cephalad into the epidural space. No anesthetics were given 
through the epidural catheter at this time. Spinal anesthesia was then performed in the midline at the estimated L3-4 
vertebral interspace using a 25-gauge spinal needle. After confirming free outflow of cerebrospinal fluid, 3 mL (15 mg) 
of hyperbaric ropivacaine (1.5 mL ropivacaine 1% + 1.5 mL dextrose 10%) was injected intrathecally over 30 seconds. 
Co-hydration with 10 mL kg-1 Lactated Ringer’s solution was rapidly administered, initiated after cerebrospinal fluid 
appeared in the hub of the spinal needle. Thereafter, no further fluids were administered. The patient was then returned to 
the LUD position. Loss of cold sensation up to the T6 dermatome or above was considered adequate for surgery. All 
patients continued to receive 40% oxygen by face mask during their surgery.

MAP and HR were recorded every minute immediately after completion of intrathecal injection. CO, SV, and SVR 
were measured continuously and recorded at 1-minute intervals. Patients were randomly allocated to receive an 
intravenous bolus of 4.5 µg norepinephrine (the norepinephrine group) or 60 µg phenylephrine (the phenylephrine 
group) to rescue maternal hypotension, which was defined as MAP<80% of baseline. If hypotension was not corrected 
within 1 min, an additional bolus of assigned vasopressor was administered until hypotension was corrected. If 
hypotension was not corrected by cumulative use of 300 µg phenylephrine or 22.5 µg norepinephrine, an intravenous 
bolus of 10 mg ephedrine was given for rescue. Atropine 0.5 mg was administered intravenously for bradycardia (HR<60 
bpm) comorbid with hypotension or HR<50 bpm, irrespective of BP. Urapidil 10 mg was administered intravenously 
when the MAP was ≥ 120% of the baseline. These steps were repeated if necessary.

The study endpoint was set at delivery. Umbilical artery and vein blood samples were collected from a double- 
clamped cord, and blood gas was immediately analyzed. Neonatal outcomes were evaluated by a pediatrician unaware of 
the group assignment. The treatment after the study period was at the discretion of the attending anesthesiologist.

The primary outcome was umbilical arterial pH. Secondary outcomes included other umbilical cord blood gas values, 
changes in hemodynamic parameters (CO, MAP, HR, SV, and SVR) during the study time, Apgar scores at 1 and 5 min, 
the number of vasopressor boluses required, and the incidence of bradycardia, hypertension, nausea, vomiting and 
dizziness.

Sample Size Calculation
We estimated that 40 participants per study group would be needed to detect a difference of 0.03 units in umbilical arterial 
pH with 80% power and a two-tailed P-value of 0.05. This was based on a previous study that compared phenylephrine and 
norepinephrine while treating postspinal hypotension and found a standard deviation of 0.049 for the umbilical arterial pH 
in patients receiving norepinephrine.16 Therefore, we calculated the number of patients required for the study to be 33 per 
group. To compensate for a potential dropout rate of 10%, we planned to enroll 40 patients in each group.

Statistical Analysis
We performed all statistical analyses using IBM SPSS Statistics version 25.0 (IBM SPSS Inc., Chicago, IL, USA) and 
GraphPad Prism version 8.0 (GraphPad Inc., San Diego, CA). Continuous data were assessed for normality by 
ShapiroeWilk’s test and analyzed using Student’s t-test or Mann–Whitney U-test as appropriate. Categorical data were 
analyzed using the Chi-square test or Fisher’s exact test. Since the number of data points recorded varied among patients 
because of varying surgical times, serial hemodynamic data (MAP, HR, CO, SV, and SVR) were analyzed by a two-step 
summary measures technique.17 First, the area under the curve (AUC) for values plotted against time was calculated 
using the trapezium rule; standardized values were derived by dividing the values for AUC by the number of data points 
recorded for each patient. Then, standardized values were compared using the t-test or Mann–Whitney test. P<0.05 was 
regarded as statistically significant.

Results
A total of 128 patients were screened for eligibility. Of these, 12 met one or more exclusion criteria, and 36 were 
excluded because they did not experience hypotension predelivery. Eighty patients underwent randomization and were 
evenly allocated to the phenylephrine and the norepinephrine group (Figure 1). Umbilical arterial blood gas was not 
performed in one patient due to difficulty in umbilical cord blood sample collection in the phenylephrine group. In the 
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norepinephrine group, one patient was excluded because the difference in pH between the umbilical arterial and venous 
blood samples was less than 0.02 units, indicating that both samples came from the same vessel. Thus, umbilical arterial 
and venous blood gas values were available for final analysis in 39 patients in each group. The demographic data, 
baseline characteristics, sensory block level, surgical time, and intravenous fluid volume given were comparable between 
groups (Table 1).

Neonatal outcomes are summarized in Table 2. Umbilical arterial pH (primary outcome) was comparable between 
groups. No neonate had fetal acidosis, defined as umbilical arterial pH<7.20. We also detected no difference in other 
umbilical cord blood gas values. Neonatal weights and Apgar scores at 1 minute and 5 minutes were comparable between 
groups. The number of neonates in the phenylephrine group with Apgar score<7 at 1 minute was 1 versus 1 in the 
norepinephrine group. One neonate had Apgar scores<9 at 5 min in the phenylephrine and norepinephrine groups, 
respectively.

Due to the failure to obtain hemodynamic data, 27 patients in the phenylephrine group and 26 patients in the 
norepinephrine group were finally included in the analysis of CO, SV, and SVR. The baseline hemodynamic values were 
comparable between groups (Table 3). Since the time from spinal anesthesia to delivery varied among patients, a variable 
number of measurements of hemodynamics were recorded for each patient. Individual changes in CO over time for each 
patient are shown in Figures 2. Figure 3 showed that the overall CO was greater in the norepinephrine group compared 

Enrollment Assessed for eligibility
 (n=128)

Excluded (n=48)
Refused for participate (n=4)
Not meeting inclusion criteria (n=5)
Inadequate spinal block (n=3)
Did not develop hypotension predelivery 

(n=36)

Randomized (n=80)

Analyzed for umbilical 
artery blood gas 
analysis ( n=39)
Excluded from 
analysis (n=1)

Allocated to norepinephrine group (n=40) 
Received allocated intervention( n=40)

Allocated to phenylephrine group (n=40)
Received allocated intervention( n=40)

Analysis

Lost to follow-up (n=1)
Due to difficulty in 

umbilical cord sample 
collection (n=1)  

Allocation

Follow up Lost to follow-up (n=1)
Due to difficulty in 
umbilical cord sample 
collection (n=1) 

Lost to follow-up 
(n=13) 
Due to failed to 
acquire data (n=13)

Lost to follow-up 
(n=14)
Due to failed to 
acquire data (n=14) 

Analyzed for CO, SV, 
SVR ( n=27)

Excluded from 
analysis (n=13)

Analyzed for umbilical 
artery blood gas 
analysis ( n=39)
Excluded from 
analysis (n=1)

Analyzed for CO, SV, 
SVR( n=26)

Excluded from 
analysis (n=14)

Figure 1 Flow diagram of study.
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Table 1 The Demographic Data, Baseline Characteristics, Intraoperative Details and Maternal 
Side Effect

Phenylephrine 
(n=39)

Norepinephrine 
(n=39)

P value

Age (years) 31.7±4.2 32.5±4.5 0.407

Height (cm) 159.9±5.7 159.4±5.6 0.661
Weight (kg) 75.4±10.0 75.3±11.6 0.974

Gestational age (weeks) 37(34.0–38.6) 37.1(34.0–38.0) 0.920

Height of block (thoracic dermatome) 5(4–6) 5(4–6) 0.852
Baseline

MAP (mmHg) 117.4±11.4 118.3±13.4 0.791
HR (bpm) 85.2±9.6 83.4±10.9 0.443

Time Intervals

Spinal anesthesia to delivery interval (min) 14(12–17) 14(12–17) 0.794
Skin incision to delivery interval (min) 6(4–9) 6(4–9) 0.864

Total number of boluses given 2(1–3) 2(1–3) 0.942

Intravenous fluid volume given before delivery (mL) 456.4±110.9 460.3±131.9 0.890
Bradycardia 8(20.5%) 2(5.1%) 0.042

Hypertension 0 0 NS

Nausea 2 2 1.000
Vomiting 0 0 NS

Dizziness 0 0 NS

Notes: Data are represented as mean±SD(standard deviation), or median (inter-quartile range) or number (%). NS, not significant.

Table 2 Neonatal Outcomes

Phenylephrine  
(n=39)

Norepinephrine 
(n=39)

P value

Neonatal weight (g) 2640(1550–3150) 2840(2010–3110) 0.337

Apgar score (0–10)
at 1min 10(9–10) 10(9–10) 0.742

at 5min 10(10–10) 10(10–10) 0.085

at 1min<7 1 1 1.000
at 5min<9 1 1 1.000

Umbilical arterial blood gases

pH 7.303±0.38 7.303±0.44 0.978
pH<7.2 0 0 NS

PO2 (mmHg) 10.62±4.17 10.82±4.98 0.844

PCO2 (mmHg) 53(50–56) 53(48–58) 0.944
HCO3 (mEq L−1) 25.61±2.84 25.64±2.41 0.952

Base excess −1.32±2.43 −1.33±2.51 0.988

Lactate (mmol L−1) 1.9(1.7–2.5) 1.9(1.5–2.5) 0.568
Umbilical venous blood gases

pH 7.35±0.03 7.34±0.05 0.376

pH< 7.2 0 0 NS
PO2 (mmHg) 22.26±8.0 21.28±7.1 0.572

PCO2 (mmHg) 42.13±5.3 44.05±6.4 0.152

HCO3 (mEq L−1) 22.51±2.48 23.48±2.15 0.069
Base excess −2.2[−3.4-(−1.6)] −1.9[−3.5-(−0.6)] 0.924

Lactate (mmol L−1) 1.8(1.6–2.2) 1.8(1.4–2.1) 0.165

Notes: Data are represented as mean±SD, or median (inter-quartile range) or number (%). NS, not 
significant.
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with that in the phenylephrine group (standardized CO 6.31 ± 1.08 L min-1 vs 5.45 ± 1.21 L min-1, P = 0.009). HR and 
SV were greater in the norepinephrine group than in the phenylephrine group (standardized HR 80.4 ± 7.3 vs 85.3 ± 9.9, 
P = 0.015; standardized SV 78.1 ± 16.2 vs 67.4 ± 18.5 mL, P = 0.029). There were no significant differences in the 
standardized MAP (standardized MAP 100.5 ± 10.8 vs 96.6 ± 10.7, P = 0.718) and SVR (1181 (855, 2466.54) dyn s cm- 
5 vs 1177 (645.31, 2175.88) dyn s cm-5, P = 0.656) between groups. There were no statistically significant differences in 
the incidence of hypertension and the number of vasopressor boluses. Serial changes in MAP, HR, and CO in the first 12 
min (a time point with data available for most patients) after subarachnoid block are shown in Figures 4–6.

The incidence of bradycardia was higher in the phenylephrine group compared with that in the norepinephrine group 
(20.5% vs 5.1%, P = 0.042). No patients developed reflex hypertension or dizziness in either group. Two patients 
developed nausea in each group, which resolved with the treatment of hypotension and did not require any other specific 
treatment.

Discussion
The main finding of our study was that when norepinephrine was used as an intermittent bolus regimen to treat PSH in 
patients with severe pre-eclampsia under cesarean section, there was no between-group difference in umbilical arterial 
pH when compared to equipotent boluses of phenylephrine. The two vasopressors had similar efficacy for maintaining 
MAP, whereas the overall maternal CO and HR were greater in the norepinephrine group.

Hypotension after spinal anesthesia is primarily due to a decrease in arteriolar dilation and SVR caused by 
sympathetic nerve blockade.3 A pure α-1 agonist such as phenylephrine is appropriate and recommended, for it directly 

Table 3 Baseline Hemodynamics Obtained by the TL-400. 
Hemodynamic Data Were Not Available for 25 Patients

Phenylephrine 
(n=27)

Norepinephrine 
(n=26)

P value

Baseline

CO (l min−1) 5.79±0.59 5.97±0.78 0.244
SV (mL) 69±9.6 73±12.4 0.171

SVR (dyn s cm−5) 1393±185 1346±123 0.190

Note: Data are represented as mean±SD.

Figure 2 Changes in cardiac output (CO) for all patients plotted against time. Values on the x-axis corresponded to the number of each consecutive CO measurement 
made with the TL-400 monitor set to record at 1-min.
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Figure 4 Serial changes in mean arterial pressure (MAP) for the first 12 minutes after subarachnoid block, data are presented as mean and standard deviation(SD). The value 
at time 0 corresponds to the baseline value.

Figure 5 Serial changes in heart rate (HR) for the first 12 minutes after subarachnoid block, data are presented as mean and SD. The value at time 0 corresponds to the 
baseline value.

Figure 3 Bars show the area under the curve (AUC) for the two groups standardized for each patient by dividing by the number of data points recorded. Comparison of the 
calculated values for standardized AUC showed that CO was greater over time in the norepinephrine group versus the phenylephrine group (P = 0.009).
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counteracts this mechanism. Physiological studies have proved that HR and SV increase modestly after the induction of 
spinal anesthesia as a compensatory mechanism.6 However, patients with pre-eclampsia are in a state of low cardiac 
output. The use of phenylephrine may further decrease CO.3–5 Transient decreases in CO are accommodated without 
detrimental effects in healthy women but harming the fetus born to a mother with severe pre-eclampsia.18 Glycopyrrolate 
pre-treatment before phenylephrine infusion had been studied as a means of increasing HR and CO.19 However, this 
increases the incidence of dry mouth and hypertension after surgery. The latter is particularly inappropriate in patients 
with severe pre-eclampsia. Norepinephrine may be a better choice because it provides better CO when maintaining BP. 
Previous studies comparing norepinephrine and phenylephrine to treat PSH during cesarean section were mainly 
performed in low-risk, elective cases.8,12–14,20,21 Recently, some studies have focused on pre-eclampsia patients with 
uteroplacental insufficiency to investigate whether norepinephrine was superior to phenylephrine in terms of umbilical 
arterial pH, as umbilical arterial pH is a well-established measure of the neonatal condition immediately before delivery 
and is valuable for assessing uteroplacental perfusion and the impact of vasopressor therapy on the fetus.16,22 Guo et al 
used prophylactic norepinephrine or phenylephrine infusion for PSH during cesarean section in patients with pre- 
eclampsia.23 Similarly, a study by Wang et al was published comparing phenylephrine, norepinephrine, and ephedrine 
to treat PSH in pre-eclamptic patients.24 No difference in umbilical arterial blood gas values was reported between the 
patients receiving phenylephrine or norepinephrine. The findings of these studies were consistent with ours. Nevertheless, 
they recruited patients with pre-eclampsia regardless of the severity. As uteroplacental insufficiency is more significant in 
severely pre-eclamptic patients than those without severe disease,25–27 this group of patients is at particularly high risk. 
Mohta et al randomized severely pre-eclamptic patients undergoing cesarean section with spinal anesthesia to receive 
either phenylephrine or norepinephrine boluses and found no differences in umbilical arterial pH.28 However, patients 
with severe pre-eclampsia in that study were analyzed as a subgroup. There is therefore, insufficient power to detect 
a difference based on this number of cases. Our study, specifically designed to assess neonates born to mothers with 
severe pre-eclampsia, did not find a difference in umbilical arterial pH directly compared as a primary outcome between 
groups. In addition, there were no differences in other umbilical cord blood gas values and Apgar scores. Norepinephrine 
did not show an advantage in fetuses over phenylephrine in patients with severe pre-eclampsia.

In our study, we found that norepinephrine provided greater HR, CO, and SV than phenylephrine. Activation of 
α-adrenergic agonists increases SVR by arteriolar vasoconstriction. At the same time, norepinephrine acts on β1 
receptors in the myocardium and exerts positive inotropic and chronotropic effects. The greater SV and HR might be 
attributed to the inotropic effect and positive chronotropic effect, respectively. The HR in the norepinephrine group was 
also greater than the baseline value, which might be a direct positive chronotropic effect over a reflex chronotropic effect. 
The superiority of CO in the norepinephrine group might be obtained from the synergy of HR and SV. However, Ngan 
Kee et al, while comparing the efficacy of norepinephrine or phenylephrine in maintaining maternal SBP close to 

Figure 6 Serial changes in CO for the first 12 minutes after subarachnoid block, data are presented as mean and SD. The value at time 0 corresponds to the baseline value.
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baseline, observed that norepinephrine provided greater CO than phenylephrine, mainly derived from greater HR rather 
than SV.14 One reason most likely contributing to this discrepancy is the different detection methods for hemodynamic 
parameters. Ngan Kee et al used suprasternal Doppler to track the CO and SV trends, and it is an intermittent 
measurement. In contrast, the TL-400 monitor applied in our study automatically updated sequential quantitative CO 
and SV values. Another possible reason is that Ngan Kee et al compared norepinephrine with phenylephrine based on an 
estimated potency ratio of 20:1, whereas we used a ratio of 13:1. The differences observed may be more of a dose than 
a drug effect. In another study, Wang et al detected a larger SV in the norepinephrine group, which was attributed to 
increased myocardial contractility by β-adrenergic action and increased return blood volume by β-adrenergic action on 
the vessel.29 They also detected that the SVR in the norepinephrine group was smaller. Contrarily, we did not detect 
a difference in SVR. One probable reason is that women with severe pre-eclampsia react differently to maternal 
vasopressor administration than other women due to different β2-adrenoceptor density and function.30 Despite the 
differences, these studies and ours consistently demonstrated that norepinephrine was superior to phenylephrine in 
maternal CO.

Prophylactic infusion is a recommended paradigm for the management of PSH to minimize hemodynamic fluctuation 
and maternal complications.5 However, patients with pre-eclampsia have a lower incidence of PSH and increased 
sensitivity to vasopressors.31 Administration of vasopressor as prophylactic infusion may result in reactive hypertension. 
Therefore, vasopressors were administered as boluses in our study. Equivalent dosing is essential to ensure that dosing 
bias does not influence the comparison of clinical efficacy. We adopted a bolus dose of phenylephrine (60 µg) and an 
estimated equipotent bolus dose of norepinephrine (4.5 µg) to be administered in the present study. The dose of 
norepinephrine and phenylephrine were chosen based on two studies. Our previous sequential allocation study deter-
mined the 90% effective dose (ED90) of phenylephrine to be 62 µg, used as intermittent boluses for treating PSH in 
patients with severe eclampsia undergoing cesarean section.32 For clinical practice, phenylephrine 60 µg was recom-
mended for both effectiveness and safety. In a dose-response study, Ngan Kee et al determined the relative potency of 
norepinephrine and phenylephrine when used to rescue PSH during cesarean section in normotensive women is estimated 
to be nearly 13: 1.8 This potency ratio was obtained in normotensive patients, and we assumed the same ratio for the two 
drugs in patients with severe pre-eclampsia.

Invasive measurements of CO in parturients using dye or thermal dilution methods have been used over the years. 
Nevertheless, because of the risks of complications from these invasive methods, there has been much recent interest in 
non-invasive monitors of the circulation, such as transthoracic echocardiography, suprasternal Doppler, and transthoracic 
electrical bioimpedance. In the present study, we introduced the non-invasive TL-400 system to assess the hemodynamic 
parameters (CO, SV, and SVR). TL−400 is based on applanation tonometry.33,34 The arterial pulse wave is obtained by 
flattening the artery to make the transmural pressure zero, then using a transducer strapped to the artery to measure CO, 
SV, and SVR continuously.

Hypotension after the induction of spinal anesthesia may cause brainstem hypoxemia and thus trigger the vomiting 
center to induce emesis. The incidence of nausea and vomiting was comparable between groups in our study. However, 
the overall incidence was lower than that of healthy parturients undergoing elective cesarean section reported in previous 
studies. This may be because we enrolled patients with higher basic BP values in our study. The vomiting center would 
not be triggered even if BP reached the defined hypotension value.35 Another factor that may contribute to reducing the 
incidence of nausea and vomiting is the absence of intrathecal opioids.36

Patients with pre-eclampsia are at increased risk of pulmonary edema due to increased capillary, decreased colloid 
oncotic pressure, increased hydrostatic pressure, and, in some cases, left ventricular dysfunction.1 Pulmonary edema is 
more common in pre-eclampsia and is associated with increased fluid administration and disease severity.37 Accordingly, 
we adopted a restrictive approach to fluid management.38 None of the patients in our study developed pulmonary edema.

The incidence of hypotension in the present study was approximately 70%. The incident appears high, given that 
women with pre-eclampsia are known to have less hypotension than healthy women.39 However, compared to previous 
studies in patients with pre-eclampsia, our definition of hypotension was conservative (20% below baseline), and we used 
a relatively high dose of ropivacaine (15 mg) for spinal anesthesia.40
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We acknowledge several limitations. First, the TL-400 is susceptible to motion artifacts when used. However, even if 
the absolute values are inaccurate relative to invasive monitors, the relative difference in values between randomized 
groups is still valid. Second, we did not perform further evaluation of the newborn, such as cerebral functioning 
monitoring, cranial ultrasound, electroencephalogram, etc., as neonates with similar UA pH may have very different 
outcomes. Finally, although we detected a difference in overall CO between the two groups in our study, Global 
measurements of CO do not necessarily represent regional flow in the uterus and placenta.41 Drugs may even affect 
global and regional blood flow inversely. Whether a global measure of CO is the ideal parameter to base hemodynamic 
therapy in obstetric patients needs to be proven.

Conclusion
In summary, we conclude that a 60 µg bolus of phenylephrine and a 4.5 µg bolus of norepinephrine showed similar 
neonatal outcome assessed by umbilical arterial pH and were equally effective when treating PSH for cesarean section in 
patients with severe pre-eclampsia. Norepinephrine provided a higher maternal CO and a lower incidence of bradycardia.

Abbreviations
PSH, postspinal hypotension; BP, blood pressure; ASA, American Society of Anesthesiologists physical status; LUD, left 
uterine displacement; MAP, mean arterial pressure; HR, heart rate; CO, cardiac output; SV= hydroxyethyl starch; SVR= 
systemic vascular resistance.

Article Highlights
● In patients with severe pre-eclampsia, phenylephrine and norepinephrine showed similar umbilical arterial pH for 
treating of post-spinal hypotension.
● Compared with phenylephrine, norepinephrine provided greater maternal cardiac output and a lower incidence of 
bradycardia.
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