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Background: It is well-known that severe preeclamptic parturients have less vasopressor requirements than normotensive parturients;
however, the exact dose difference is poorly documented. This study aimed to determine and compare the ED50 and ED90 of a single
bolus phenylephrine for the treatment of spinal anesthesia-induced hypotension in parturients with severe preeclampsia and parturients
with normotension.
Methods: Seventy-five parturients with severe preeclampsia scheduled for cesarean delivery under combined spinal-epidural anesthesia
were enrolled and randomly allocated to receive a single bolus of phenylephrine at five different doses (40, 50, 60, 70, and 80 μg), whereas
75 parturients with normotension were randomized to receive a single bolus of phenylephrine at five different doses (70, 80, 90, 100, and 110
μg) for the treatment of the first episode of hypotension. Phenylephrine dose values were log-transformed, the proportions of the successful
interventions at each dose were converted to probits, and regression analysis was performed.
Results: The ED50 and ED90 (95% CI) of bolus phenylephrine were 72.1 (61.7 to 79.9) μg and 107 (95.9–128.6) μg in parturients with
normotension. The ED50 and ED90 values in parturients with severe preeclampsia were 47.6 (41.3–52.7) μg and 70.7 (62.9–86.7) μg.
The relative median potency was 1.51 (1.16–2.61).
Conclusion: Under this study conditions, severe preeclamptic parturients required a 34% reduction of ED50 of phenylephrine dose
compared with normotensive parturients.
Keywords: cesarean delivery, spinal anesthesia, hypotension, phenylephrine, preeclampsia

Introduction
Phenylephrine has been advocated as a first-line vasopressor agent for the treatment of maternal hypotension after spinal
anesthesia for cesarean delivery;1,2 however, the exact dose difference is poorly documented, especially in parturients
with severe preeclampsia compared to parturients with normotension.3 Previous studies have indicated that a bolus of 50
to 100 μg phenylephrine could effectively treat spinal anesthesia-induced hypotension during cesarean delivery in severe
preeclampsia parturients.4–6 Studies have shown that compared with parturients with normotension, parturients with
severe preeclampsia have greater endogenous vasoactive mediators and are more sensitive to exogenous vasopressors.7–9

Therefore, we hypothesized that the optimal dose of bolus phenylephrine for the treatment of spinal anesthesia-induced
hypotension for cesarean delivery in parturients with severe preeclampsia would be lower than that in parturients with
normotension.
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Using probit regression model, the optimal dose of phenylephrine for the treatment of the first episode of spinal
anesthesia-induced hypotension were calculated. The difference in phenylephrine dose requirement between parturients
with severe preeclampsia and parturients with normotension was assessed by calculating the relative median potency.

We aimed to determine the dose response of phenylephrine for the treatment of the first episode of spinal anesthesia-
induced hypotension in parturients with severe preeclampsia and parturients with normotension.

Materials and Methods
Design and Study Subjects
This randomized, double-blinded study was approved by the Ethical Committee of Women’s Hospital, Zhejiang
University School of Medicine (Hangzhou, China) (Approval No. 20180165), and was registered prior to patient
enrollment at the Chinese Clinical Trials (www.chictr.org.cn, Registration No. ChiCTR1900023108). Written informed
consent was obtained from all participants. The study was performed in the operating room of our hospital from May 13,
2019, to February 29, 2020. Parturients scheduled for cesarean delivery under spinal anesthesia were enrolled in the
study. The experimental group (group P) included 75 patients with severe preeclampsia. Severe preeclampsia was defined
as systolic blood pressure ≥ 160 mmHg and/or diastolic blood pressure ≥ 110 mmHg on ≥ 2 separate occasions, or
evidence of end organ injury (headache, visual disturbance, and epigastric pain) with ≥ 3 + proteinuria.10 Inclusion
criteria were parturients with severe preeclampsia, singleton pregnancy, and American Society of Anesthesiologists
physical status (ASA) of 3 or 4. The control group (group N) included 75 patients with normotension. The inclusion
criteria were normotension, singleton pregnancy, and ASA score 2. The exclusion criteria were thrombocytopenia,
coagulopathy, or any other medical contraindication to spinal anesthesia, umbilical cord prolapse, active labor, placenta
previa or other placental abnormalities, known fetal abnormalities, known cardiovascular or cerebrovascular disease,
known allergy to phenylephrine, less than 28 weeks gestation, weight less than 50 kg or greater than 100 kg, height less
than 140 cm or greater than 180 cm, inability or refusal to give informed consent, age less than 18 years or more than 40
years, and patient refusal.

Study Protocol
Randomization was conducted by a statistician using MedCalc (Version 18.2.1 BV, Ostend, Belgium) to create a separate
randomization code sequence for each group. The codes were placed into serially numbered sealed opaque envelopes. An
assistant who was not involved in the subsequent study opened the envelope and prepared the study drug. According to
the randomization codes, parturients with severe preeclampsia received a single IV bolus of phenylephrine at doses of 40,
50, 60, 70, or 80 μg, whereas those in the normotension group received a single IV bolus of phenylephrine at doses of 70,
80, 90, 100, or 110 μg. All of the phenylephrine doses were labeled “study drug” in identical 10-mL syringes and were
diluted to a total volume of 10 mL.

According to the established protocol of our hospital, antepartum treatment of severe preeclampsia is as follows:
patients receive 4 g magnesium sulfate intravenously as a loading dose, followed by 1 g hourly, for acute seizure
prophylaxis. IV bolus of urapidil 50 mg or labetalol 50 mg every 10–30 minutes to reduce systolic blood pressure to <
160 mmHg in the acute admission ward. After the parturients were transferred to the operating room, routine monitoring
with electrocardiography, blood pressure (BP), heart rate (HR), and pulse oximetry were performed. An IV line was
established with an 18-gauge IV cannula in the lower forearm, and lactated Ringer’s solution was started at a minimal
rate to keep the vein open. Before spinal anesthesia, mean arterial pressure (MAP) was measured at rest in the supine
position. Baselined MAP was determined by averaging three consecutive noninvasive blood pressure readings taken at
1-min interval with a difference of less than 10%. Combined spinal-epidural anesthesia was performed by the same
senior anesthesiologist who was not involved in data recording and study drug preparation. Epidural anesthesia was
administered at the L1-2 interspace with the patient in the left lateral position, and no local anesthetic was administered.
Spinal anesthesia was then administered using a 25-gauge spinal needle inserted at the L3-4 interspace. After confirming
free outflow of cerebrospinal fluid, 3 mL hyperbaric ropivacaine 0.5% w/v (15 mg) was injected intrathecally over 15s.
The patient was then restored to the left 15 degree supine position until the newborn was delivered. A loss of cold
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sensation up to the T6 dermatome or above was considered adequate for surgery. After intrathecal drug injection, the
sensory block was measured every 2 min in the first 10 min and then at 10 min intervals. Patients were excluded if
adequate block was not obtained. All patients received oxygen at 3 L/min via a facemask.

Another assistant who had not participated in the study recorded the data. MAP, heart rate, and pulse oximetry were
measured at 1-min intervals for 10 min after intrathecal injection until delivery, followed by 3-min intervals until the end
of the operation. Hypotension was defined as a > 20% decrease in MAP below the baseline in both groups during the
period from induction of spinal anesthesia to the delivery of the fetus.11 A 10 mL bolus containing the assigned
phenylephrine dose was administered by the investigator. A dose was considered successful in treating the first episode
of spinal anesthesia-induced hypotension when the assigned dose of bolus phenylephrine could restore the MAP at or
above 80% of baseline within 60s. If MAP was not restored to 80% of the baseline within 60s, phenylephrine (50–100
μg) or ephedrine (5–10 mg) was administered as alternative management. The end of the study period was defined as the
time the fetus was delivered. If no hypotension occurred during the period from induction of spinal anesthesia to the
delivery of the fetus, the parturient was excluded and the next parturient was assigned the same phenylephrine dose. If
bradycardia (defined as heart rate < 50 beats per min) associated with hypotension was observed, ephedrine (5–10 mg)
was administered. Atropine 0.5 mg was administered for persistent bradycardia. If a maximum dose of either pheny-
lephrine (300 μg) or ephedrine (45 mg) was used, an alternative vasopressor (norepinephrine) was administered. If
hypertension (defined as a MAP > 120% of the baseline value) occurred, a vasodilator (urapidil) was administered The
treatment after completion of the study period was at the discretion of the senior anesthesiologist. After delivery of the
fetus, a segment of the umbilical cord was obtained for blood gas assessment in the umbilical artery and vein.

The primary outcome of the study was the success rates for the different doses of phenylephrine bolus to restore the
MAP at or above 80% of the baseline value to treat the first episode of spinal anesthesia-induced hypotension. Secondary
outcomes included the incidence of hypotension, reactive hypertension, nausea or vomiting, bradycardia, tachycardia,
dizziness, dyspnea, umbilical blood gases, and Apgar score.

Statistical Analysis
IBM SPSS Statistics for Windows version 25 (IBM Corp., Armonk, NY, USA) was used for analysis. Normally
distributed data were assessed using the Kolmogorov–Smirnov test. Normally distributed data were analyzed using the
independent-samples t-test, and non-normally distributed data were analyzed using the Mann–Whitney U-test. Fisher’s
exact test was used to analyze incidence data. Statistical significance was set at P < 0.05.

The Cochran-Armitage test for trends in the proportions of PASS 11 (NSCC, LCC, Kaysville, UT, USA) was used to
calculate the sample size. The sample size was based on data from our preliminary research, in which the proportions of
single IV bolus phenylephrine for the effective treatment of the first episode of post-spinal hypotension in parturients
with preeclampsia who received 40, 50, 60, 70, and 80 μg phenylephrine, were 0.3, 0.5, 0.7, 0.8, and 0.9, respectively.
Eleven patients per dosage group were required using the Z test with continuity correction (significance level of 0.05,
power of 80%). To achieve narrower confidence intervals (CIs), we increased the sample size to 75 (15 per dosage
group).

Probit regression was used for the dose-response analysis. After logarithmic transformation of dose values of
phenylephrine, the proportions of the successful interventions at each dose were converted to probits, and regression
analysis was performed. ED50 and ED90 values for a single IV phenylephrine bolus in each group with 95% CI were
derived by interpolation. By calculating the relative median potency, the difference in phenylephrine dose requirement
between parturients with severe preeclampsia and parturients with normotension was assessed.

Results
The parturient recruitment is summarized in Figure 1. A total of 75 parturients in each group completed the study and
were included in the final data analysis. The demographic data are shown in Table 1. There were differences in age,
weight, gestation, gestational age < 37 weeks, and block height at 5-min (P < 0.05). The neonatal outcomes are shown in
Table 2. Umbilical arterial and venous pH values and Apgar scores were similar between the two groups, but birth weight
was lower in Group P (P < 0.001).
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The dose values of phenylephrine were log-transformed, and the success rates were converted into probabilities for analysis.
The probit regression curves are shown in Figure 2. The dose-response curves for a single IV phenylephrine bolus for the two
groups are shown in Figure 3. The calculatedmean (95%CI) values for ED50 and ED90 of a single IV bolus phenylephrine for the

Figure 1 Consolidated Standards of Reporting Trials showing flow of parturients in the study.

Table 1 Demographic Data

Group N
(n = 75)

Group P
(n = 75)

P-value

Age (yr) 31.6 ± 4.0 33.1 ± 4.4 0.030

Height (cm) 157.5 ± 10.4 159.4 ± 5.5 0.157

Weight (kg) 68.6 ± 14.5 73.3 ± 8.7 0.018
Gestity 1 (1, 3) 1 (1, 3) 0.352

Parity 1 (0, 1) 1 (0, 1) 0.276
Gestation (wk) 38.1 ± 1.3 36.6 ± 2.8 < 0.001

Gestation < 37 wk 2 (3%) 29 (39%) < 0.001

Block height at 5min (dermatome) T4 (4, 4) T5 (4, 5) 0.014

Note: Data are mean ± SD (standard deviation), or median (interquartile range) or number (%).
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treatment of spinal anesthesia-induced hypotension in parturients with severe preeclampsia were 47.6 μg (95% CI, 41.3–52.7)
and 70.7 μg (95% CI, 62.9–86.7), respectively. The ED50 and ED90 values in parturients with normotension were 72.1 μg (95%
CI, 61.7 to 79.9) and 107 μg (95% CI, 95.9–128.6), respectively. The relative median potency for phenylephrine between
normotensive and preeclampsia pregnancies was 0.66 (95% CI, 0.38–0.86), indicating that the dose requirement for a single IV
bolus of phenylephrine in parturients with severe preeclampsia is lower than that in normotensive parturients.

Table 2 Neonatal Outcome

Group N
(n = 75)

Group P
(n = 75)

P-value

Birthweight (g) 3356 ± 499 2867 ± 641 < 0.001

Apgar score at 1min < 7 0 1 1.000

Apgar score at 5min < 7 0 0 1.000
Umbilical arterial pH 7.32 ± 0.06 7.32 ± 0.05 0.962

Umbilical venous pH 7.41 ± 0.11 7.34 ± 0.04 0.220

Note: Data are mean ± SD (standard deviation), or number.

Figure 2 Probit regression curves for successful treatment of spinal anesthesia-induced hypotension for cesarean delivery in parturients with severe preeclampsia (Group P,
dashed line) and parturients with normotension (Group N, solid line).

Figure 3 Dose-response curves for a single IV phenylephrine bolus for the two groups derived from probit analysis (Group P, dashed curve; Group N, solid curve).
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The hemodynamic changes are shown in Table 3. Baseline MAP, MAP at the first episode of hypotension, percentage
of MAP decrease, MAP after using phenylephrine and total dose of phenylephrine were different between the groups (P
< 0.05). There was no statistical difference in the time to the first episode of hypotension, total number of hypotensive
episodes, total number of vasopressor boluses and total dose of ephedrine between the two groups.

The success rates of a single IV bolus of different doses of phenylephrine are shown in Table 4. The side effects are
listed in Table 5. The incidence of tachycardia differed between the groups (P = 0.001), and the incidences of other side
effects were similar.

Table 3 Hemodynamic Changes

Group N
(n = 75)

Group P
(n = 75)

P-value

Baseline MAP, mmHg 92 ± 8 124 ± 9 < 0.001

MAP at first episode of hypotension, mmHg 62 ± 8 88 ± 11 < 0.001
Percentage of MAP decrease 33% ± 9% 29% ± 7% 0.002

MAP after using phenylephrine, mmHg 81 ± 13 100 ± 16 < 0.001

The time to the first episode of hypotension (min) 6 (5, 6) 5 (5, 7) 0.565
Total number of hypotensive episodes* 1 (1, 2) 1 (1, 2) 0.205

Total number of vasopressor boluses* 1 (1, 2) 1 (1, 2) 0.205

Total dose of phenylephrine (μg)* 129 ± 48 102 ± 34 < 0.001
Total dose of ephedrine (mg)* 0 0 1.000

Notes: Data are mean ± SD, or number (%) or median (interquartile range). *Indicates the period from induction of spinal anesthesia to
the delivery of the fetus.
Abbreviations: MAP, mean artery pressure; SD, standard deviation.

Table 4 Success Rates of Single IV Bolus of Different Doses of Phenylephrine

Group N Group P

Dose Log (Dose) Success Rate Probit Success Rate Probit

40 μg 1.602 7/15 (47%) −0.084
50 μg 1.699 7/15 (47%) −0.084
60 μg 1.778 11/15 (73%) 0.623

70 μg 1.845 6/15 (40%) −0.253 12/15 (80%) 0.842

80 μg 1.903 8/15 (53%) 0.084 15/15 (100%)
90 μg 1.954 11/15 (73%) 0.623

100 μg 2.000 14/15 (93%) 1.501
110 μg 2.041 15/15 (100%)

Notes: A dose was considered successful when the assigned dose of phenylephrine could restore the MAP at or above 80% of baseline value
during the study period. Dose values were log-transformed, success rates were converted into probabilities for analysis.

Table 5 Side Effects

Group N
(n = 75)

Group P
(n = 75)

P-value

Reactive Hypertension 1 (1%) 2 (3%) 0.563
Nausea or vomiting 12 (16%) 7 (9%) 0.220

Bradycardia 6 (8%) 1 (1%) 0.053

Tachycardia 22 (29%) 6 (8%) 0.001
Dizzy 0(0%) 2(3%) 0.157

Dyspnea 2(3%) 1(1%) 0.563

Note: Data are number (%).
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Discussion
In this study, the ED50 and ED90 (95% CI) of bolus phenylephrine were 72.1 (61.7 to 79.9) μg and 107 (95.9–128.6) μg
in parturients with normotension, whereas the ED50 and ED90 values in parturients with severe preeclampsia were 47.6
(41.3–52.7) μg and 70.7 (62.9–86.7) μg, respectively; the primary finding was that the dose requirement of a single IV
bolus of phenylephrine for the treatment of the first episode of spinal anesthesia-induced hypotension in parturients with
severe preeclampsia would be 34% significantly lower than that in parturients with normotension.

It is well-known that severe preeclamptic parturients have less vasopressor requirements than normotensive parturi-
ents for the prevention or treatment of spinal anesthesia-induced hypotension, however, the exact dose difference is
poorly documented.3 By determining the comparative ED50 and ED90 of phenylephrine, we therefore reduce the related
risks that the excessive use of vasopressors during hypotension can be particularly harmful in severe preeclamptic
parturients by exposing them to the risk of intracranial bleeding.

Our results are consistent to those of previous studies, indicating that severe preeclamptic parturients might require less
vasopressor than normotensive parturients.7–9,12–16 The reasons for the lower dose of phenylephrine required for parturients
with severe preeclampsia may be as follows: First, compared with normotensive parturients, those with severe preeclampsia
have greater endogenous vasoactive mediators and are more sensitive to exogenous vasopressors; therefore, smaller doses of
phenylephrine can easily restore MAP to baseline.7–9 Second, in clinical practice, parturients with severe preeclampsia tend to
have a lower average gestational age and a higher number of preterm births. Results from our study show that compared with
the normotensive group, parturients in the severe preeclampsia group had a lower gestational age, the proportion of preterm
births was significantly higher, and the birth weights were lower, which resulted in less compression of the inferior vena cava
by the gravid uterus, thus leading to a lower cephalad spread of spinal anesthesia.7 Therefore, it has less influence on the
hemodynamic fluctuations. This will result in a lower incidence of hypotension and lower vasopressor requirements.
However, it has been proposed that the risk of hypotension after subarachnoid block in severe preeclampsia is associated
with other severe preeclampsia-related factors rather than uterine size.8 Third, in severe preeclampsia parturients, the damaged
vascular endothelium produces higher levels of endogenous vasopressor-like thromboxane and endothelin, resulting in
persistent high vascular tone, which is not altered by the sympathetic block from spinal anesthesia, resulting in fewer
hemodynamic changes. However, normotensive parturients are more sensitive to spinal anesthesia because of the increased
dependence on the sympathetic nerve, which breaks the balance of vascular tone, weakens the reaction to angiotensin II, and
increases the synthesis of prostaglandin and nitric oxide.14,17 Fourth, all parturients received lactated Ringer’s solution with
a minimal rate to keep the vein open before induction of spinal anesthesia. We limited the volume of fluids in parturients with
severe preeclampsia, considering the risk of pulmonary edema.18 Vasodilation and maternal relative volume insufficiency
induced by sympathetic blockade can cause severe hypotension in healthy parturients.9 However, severe preeclampsia can still
maintain the vascular tone resulting in a limited decrease in blood pressure due to the exaggerated vasoconstriction.19

AlthoughMAPwas decreasedmore in healthy parturients, no differences in Apgar scores and fetal acidosis were observed
between the groups, which was consistent with previous studies.20–23 Prematurity linked to the preeclamptic group would be
much more likely to affect difference in neonatal outcomes rather than these small differences in MAP decrease.

Previously, using the biased coin up-and-down method (BCUD), we found the ED90 value in parturients with severe
preeclampsia was 62.00 µg, because the BCUD method required fewer subjects to obtain the ED90 value.5 As a follow-up
study, although more subjects were required, we chose the random dose grouping method to obtain more accurate ED90 values
and to compare the difference in phenylephrine dose requirement between parturients with severe preeclampsia and
parturients with normotension.

The present study has several important limitations that need to be considered. First, compared with the normotensive
group, parturients with severe preeclampsia had a lower average gestational age and a higher number of preterm births, which
may result in a lower likelihood of observing a difference in phenylephrine dose requirements between groups. Parturients
with full-term severe preeclampsia pregnancies would make the differences (in phenylephrine requirements) even more
important and significant. However, it is relatively common for parturients with severe preeclampsia to present for elective
cesarean delivery with preterm gestation in clinical circumstances. Aya et al have reported that compared with normotensive
parturients with preterm birth, the magnitude of hypotension in severe preeclampsia parturients did not appear to decrease
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when hypotension occurred, suggesting that fetal weight and compression of the inferior vena cava may also play a role.8

Second, according to the established guidelines of our hospital, prenatal treatment for severe preeclampsia such as MgSO4,
urapidil, or labetalol may bias the results of our present studies on the therapeutic dose for hypotension. However, at present,
the international consensus is that appropriate reduction of MAP and alleviation of neuromuscular hyperexcitability before
anesthesia are beneficial for hemodynamic stability during the operation in parturients with very severe preeclampsia. Third,
this study utilized a bolus dose of phenylephrine not adjusted for patient body weight. Considering that the weight of
parturients varies widely among different populations, it may be more appropriate to adjust the bolus dose of phenylephrine
according to body weight. Fourth, only intermittent non-invasive BP and HR were measured as the key indicators of maternal
hemodynamic stability and CO was not monitored. Therefore, we were unable to determine the effect of phenylephrine
infusion dose on this parameter.24 Fifth, the highest dose group of the grouping method may experience reactive hypertension,
and we observed several such cases; therefore other methods such as coin-based sequencing may be more suitable for the
dose-response study. Sixth, using ropivacaine (instead of bupivacaine), particularly without an opioid (such as fentanyl or
sufentanil) intrathecally for cesarean delivery is a common practice in China,25,26 but it is quite an uncommon practice in the
obstetric anesthesia literature. This constitutes also a study limitation regarding external validity. Seventh, we used “two point
method” for neuraxial anesthesia, instead of conventional combined spinal-epidural anesthesia (CSE) performed at one
lumbar space. Although we routinely performed this technique in our institute, it is not that popular all over the world, which in
turn further restrict the generality of this research. Eighth, the differences in maternal age, weight, and block height at 5-min
between the two groups may impact the generality of the results. Ninth, we routinely keep intravenous fluids at a minimal rate
for severe preeclamptic parturients in our hospital to prevent heart failure. However, this may not be a common practice in
other medical centers, which may also affect the generality of our study. Tenth, phenylephrine range 50–100 μg or ephedrine
5–10 mg were at the discretion of the attending anesthesiologist dependent on the degree of hypotension when hypotension
reoccurred. This is the deficiency of our study that there was no standardized treatment after the first dose of phenylephrine.

Conclusions
In conclusion, the ED50 and ED90 of a single IV bolus of phenylephrine for the treatment of the first episode of spinal
anesthesia-induced hypotension in parturients with severe preeclampsia were both 34% significantly lower than that in
parturients with normotension. This information is clinically relevant for the treatment of spinal-induced hypotension
during cesarean delivery in parturients with severe preeclampsia with phenylephrine, and may help avoiding to
overtreat these high-risk parturients. However, more studies should be conducted to determine the optimal dose of
phenylephrine, and/or norepinephrine as an alternative,27,28 for the prevention or treatment of spinal anesthesia-induced
hypotension.

Highlights
● Phenylephrine dose has not been fully determined in parturients with preeclampsia.
● Randomized, double-blind, comparative dose-finding study.
● Bolus phenylephrine dose was significantly lower in severe preeclamptic parturients.

Severe preeclamptic parturients required a 34% reduction of ED50 of phenylephrine dose.

Abbreviations
ED50, the dose effective in 50% of patients; ED90, the dose effective in 90% of patients; IV, intravenous; CI, confidence
interval; ASA, American Society of Anesthesiologists; BP, blood pressure; HR, heart rate; MAP, mean arterial pressure;
SA, spinal anesthesia; CO, cardiac output; BCUD, the biased coin up-and-down method; CSE, combined spinal-epidural
anesthesia.
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