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Abstract 

Background  Intravenous fluid administration and prophylactic vasopressor infusion are the primary methods 
for preventing spinal anesthesia-induced hypotension during cesarean delivery. However, evidence regard-
ing the impact of different volumes of crystalloid solution on the phenylephrine infusion dosage for preventing this 
hypotension remains inconclusive. This study aimed to determine the effect of two IV fluid infusion rates (10 or 20 
mL/kg/h) on phenylephrine requirement for preventing spinal anesthesia-induced hypotension.

Methods  Eighty healthy parturients undergoing elective cesarean delivery under combined spinal-epidural anesthe-
sia were enrolled. Participants were randomly assigned to receive either 10 mL/kg/h (group 10) or 20 mL/kg/h (group 
20) of lactated Ringer’s solution. The first patient in each group received 0.5 µg/kg/min of phenylephrine infusion 
immediately after intrathecal injection. The phenylephrine dose in subsequent patients was adjusted by increments 
or decrements of 0.05 µg/kg/min based on the previous patient’s response. The ED50 of phenylephrine infusion 
for preventing spinal-induced hypotension for cesarean delivery was estimated using a modified up-down sequential 
analysis, with probit analysis applied as a backup sensitivity analysis.

Results  The ED50 values for preventing spinal anesthesia-induced hypotension were 0.30 µg/kg/min (95% CI, 
0.29–0.32 µg/kg/min) for group 10, and 0.19 µg/kg/min (95% CI, 0.16–0.22 µg/kg/min) for group 20, respectively. The 
estimated relative potency for phenylephrine in group 10 compared to group 20 was 1.52 (95%CI, 1.24–1.97), show-
ing a significant difference in the ED50 values between the two groups.

Conclusion  This study found that a higher crystalloid co-loading rate significantly reduces prophylactic phenyle-
phrine requirement for preventing spinal anesthesia induced hypotension.

Trials registration  https://www.chictr.org.cn/showproj.html?proj=125918 (Trial number: ChiCTR2100048002).
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Background
Spinal anesthesia and combined spinal-epidural anes-
thesia are the most common methods for cesarean deliv-
ery, but they are frequently associated with hypotension. 
Prophylactic vasopressor infusion and fluid management 
are considered effective strategies to prevent this compli-
cation [1–5]. However, there is limited research on the 
interplay between volume therapy and prophylactic vaso-
pressor infusion in preventing spinal anesthesia-induced 
hypotension during cesarean delivery [5]. 

The optimum fluid volume for preventing spinal anes-
thesia-induced hypotension remains unclear, especially 
in conjunction with prophylactic phenylephrine. It is 
widely accepted that spinal anesthesia leads to hypoten-
sion primarily through sympathetic block-induced vaso-
dilation, rather than an absolute decline in blood volume. 
Thus, in the context of anesthesia, prioritizing the correc-
tion of hypotension necessitates the use of vasopressors 
to enhance vascular resistance rather than relying solely 
on fluids for blood volume replenishment. We hypoth-
esized that increasing the volume of crystalloid solution 
would not significantly reduce the need for prophylactic 
phenylephrine. The key question is whether administer-
ing an adequate volume of fluids during cesarean delivery 
is necessary when using preventive vasopressor therapy. 
In this study, we aimed to compare the median effective 
dose (ED50) of phenylephrine for preventing spinal anes-
thesia-induced hypotension when co-loading with 10 or 
20 mL/kg/h of crystalloid solution, with the null hypoth-
esis that the values of ED50 may be similar between the 
two groups.

Methods
Ethics
The Ethical Committee of Jiaxing University Affiliated 
Women and Child Hospital approved this study and 
issued the certificate (No. 2021-19) on May 21, 2021. 
Before the initiation of patients’ enrollment, the clinical 
trial was registered on the Chinese Clinical Trial Regis-
ter on June 28, 2021 (ChiCTR2100048002, https://​www.​
chictr.​org.​cn/​showp​roj.​html?​proj=​125918). All patients 
involved in this study provided written informed con-
sent and all of them signed a written informed consent. 
Patient enrollment began on July 1, 2021.

Design
This was a prospective, double-blinded, randomized, 
dose-finding study.

Subjects and setting
Eighty patients, classified as American Society of Anes-
thesiologists physical status II, with a single, full-term 
pregnancy (gestation age ≥ 37 weeks), scheduled for 

elective cesarean delivery under combined spinal-epi-
dural anesthesia, were recruited. Patients were excluded 
if they had contraindications to regional anesthesia, a 
body mass index (BMI) greater than 35 kg/m2, hyper-
tension or preeclampsia, diabetes or gestational diabe-
tes mellitus (GDM), or known fetal distress (fetal heart 
rate < 110 beats/min).

Study protocol
No premedication was administered. Upon arrival in 
the operating room, intravenous access was established 
in the patient’s left upper limb vein, and standard moni-
toring, including non-invasive blood pressure measure-
ment, electrocardiogram recording, and pulse oximetry, 
was applied. After a brief rest period, baseline values for 
systolic blood pressure (SBP) and heart rate (HR) were 
calculated by averaging three consecutive measurements 
taken at three-minute intervals. Patients were then ran-
domly assigned to receive either 10 mL/kg/h or 20 mL/
kg/h of warmed Lactated Ringer’s solution at a tempera-
ture of 37°C, using a computer-generated randomized 
sequence using Microsoft Excel (Microsoft Corporation, 
Redmond, WA, United States). The infusion rates were 
determined based on our established clinical protocol, 
whereby a standard volume of 750–1500 mL of Lac-
tated Ringer’s solution was routinely administered dur-
ing cesarean delivery. Then the randomized sequence 
was concealed in numbered opaque envelopes, opened 
sequentially, enrolling one patient at a time. An anesthe-
sia assistant aware of the patients’ grouping, adjusted the 
infusion rate at either 10 mL/kg/h or 20 mL/kg/h based 
on patient allocation but did not further participate in 
patient care or data collection. Anesthesia was admin-
istered, and data collected by three anesthetists (XM 
Zhang, J Qian, and L Liu) who were blinded to patient 
grouping.

Combined spinal-epidural anesthesia was completed 
using a needle-through-needle technique at the esti-
mated L3–4 vertebral interspace under local anesthesia 
with 5 mL 2% lidocaine, while the patient was positioned 
on their left side. After confirming clear cerebrospinal 
fluid flow, 10 mg of hyperbaric bupivacaine and 5 µg of 
sufentanil were injected intrathecally over 15 s. An epi-
dural catheter was then inserted approximately 3–4 cm 
into the epidural space, and the patient’s position was 
adjusted to supine with a slight tilt (approximately 15 
degrees) using a wedge under the right buttock. The cath-
eter was gently aspirated and observed for the presence 
of blood or CSF and was then flushed with 3 mL saline. 
The prepared solution was administered via infusion 
pump at a pre-determined rate based on patient group-
ing. To maintain blinding, the infusion pump surface was 
covered by an opaque paper.

https://www.chictr.org.cn/showproj.html?proj=125918
https://www.chictr.org.cn/showproj.html?proj=125918
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Each patient received a preventive infusion of phenyle-
phrine (5 mg diluted in 50 mL saline) via a syringe pump, 
starting simultaneously with the intrathecal injection. 
According to our previous reports, in the first patient in 
the two groups, the initial infusion rate was initiated at 
0.5 µg/kg/min and sustained until infant delivery [6]. To 
treat hypotension (defined as a reduction in SBP below 
80% of its baseline level), a 50 µg intravenous bolus dose 
of phenylephrine was administered. For hypertension 
(characterized by an increase in SBP exceeding 120% of 
its baseline measurement), we administer the phenyle-
phrine infusion and resume it once the SBP drops below 
120% of the baseline value. Bradycardia, characterized 
by a heart rate below 50 beats/min, was treated with 0.5 
mg intravenous atropine if accompanied by hypertension 
or stopping phenylephrine infusion if hypotension was 
absent.

An effective infusion rate of prophylactic phenyle-
phrine was defined as no episodes of hypotension occur-
ring from the time of intrathecal injection until infant 
delivery [3, 6]. If hypotension occurred during this 
period, the infusion dose was deemed ineffective. The 
dose of phenylephrine infusion for each subsequent 
patient was adjusted on the patient’s previous response 
to phenylephrine (effective or ineffective), using the tra-
ditional up-and-down allocation method [6, 7]. If the 
previous patient responded effectively to the dose rate, 
it was reduced by 0.05 µg/kg/min for the next patient. If 
the dose was ineffective for the previous patient, it was 
increased by 0.05 µg/kg/min for the next patient. The 
study duration was from intrathecal injection to infant 
delivery. The postpartum infusion rate was adjusted 
based on the variation of SBP by an independent anes-
thesiologist uninvolved in the study.

The primary outcome measurement of this study was 
the effective or ineffective infusion rate of prophylac-
tic phenylephrine. Secondary outcomes included the 
incidence of side effects (hypotension, hypertension, 
bradycardia, shivering, and nausea and vomiting), total 
infusion of phenylephrine and lactated Ringer’s solution 
administered during the study period, neonatal outcomes 
(Apgar scores at 1 and 5 min after delivery, umbilical 
arterial blood pH and lactic acid), surgical times, and 
anesthesia characteristics.

Statistical analysis
The recommended sample size for each group was 
determined to be 40 subjects, based on previous stud-
ies that indicated a range of 20–40 subjects are typically 
required to obtain a reliable estimate of the ED50 using 
the up-and-down method in most realistic scenarios [8, 
9]. Additionally, data from our previous study on the 
ED50 of phenylephrine [6] for spinal anesthesia during 

cesarean delivery suggested that a minimum of 12 sub-
jects per group would provide at least 90% statistical 
power to detect a difference of 15% difference in the 
ED50 values for phenylephrine between the groups, with 
an alpha level of 0.05.

The Kolmogorov-Smirnov test was used to assess the 
normality of the distribution for continuous variables. 
Normally distributed data were reported as mean ± stand-
ard deviation (SD) and analyzed using the student t-test 
to compare two groups. Data that did not follow a nor-
mal distribution were reported as median and interquar-
tile range (IQR) and analyzed using the Mann-Whitney 
U test for comparing two groups. Categorical variables 
were expressed as numerical values and percentage form 
and analyzed using the χ2 test.

The ED50 values for phenylephrine infusion rate were 
calculated by averaging the midpoint values from pairs of 
successive parturients where an ineffective response was 
followed by an effective response (crossover), using the 
modified up-and-down method, as previously explained 
in the literature [6, 7, 10]. To estimate the 95% confi-
dence interval (CI) and standard error for ED50 values, 
we used the methodology proposed by Choi [11]. Probit 
regression analysis was also performed as a sensitivity 
analysis, where the numbers of “effective” and “ineffec-
tive” responses were tallied for each dose category within 
each group. The relative potency of the ED50 values 
between the two groups, along with their corresponding 
95% confidence intervals, was determined using Fieller’s 
method, which was used to calculate the ratio and differ-
ence between the two ED50 values [8]. All data analyses 
were conducted using GraphPad Prism 5.0 (GraphPad 
Software Inc, San Diego, CA) and IBM SPSS Statistics for 
Windows 22.0 (IBM Corp, Armonk, NY). Statistical sig-
nificance was determined at a threshold of P < .05.

Results
A total of 92 patients were assessed for eligibility. Five 
declined to participate, and seven did not meet the inclu-
sion criteria. Finally, 80 parturients provided written 
informed consent and were allocated into two groups: 
one receiving 10 mL/kg/hour and the other 20 mL/kg/
hour of Lactated Ringer’s solution. The 80 parturients 
were included in the final statistical analysis. The Con-
solidated Standards of Reporting Trials (Consort) flow is 
presented in Fig. 1. Demographic and baseline character-
istics of the patients are shown in Table 1.

The phenylephrine dose sequences administered to 
patients are presented in Fig. 2. The ED50 values were 
0.30 µg/kg/min (95% CI, 0.29–0.32 µg/kg/min) for 
group 10, and 0.19 µg/kg/min (95% CI, 0.16–0.22 µg/
kg/min) for group 20. The estimated relative potency 
for phenylephrine in group 10 compared to group 20 
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was determined to be 1.56 (95%CI, 1.31–1.93), indi-
cating a significant difference in ED50 values between 
the two groups. Probit regression analysis revealed 
ED50 values of 0.29 µg/kg/min (95% CI, 0.24–0.34 µg/
kg/min) for group 10, and 0.18 µg/kg/min (95% CI, 
0.12–0.23 µg/kg/min) for group 20. The dose-response 
curves for prophylactic phenylephrine infusion rate to 
prevent spinal-induced hypotension, as simulated by 

probit regression, are presented in Fig. 3. The total con-
sumption dose of phenylephrine was higher in group 
10 with a (median of 376 µg (IQR) (299–523 µg), com-
pared with 276 µg (170–414 µg) in group 20 (P < .001). 
The total infusion of Lactated Ringer’s solution was 
higher in group 20 with a median) of 330 mL (IQR) 
(304–442 mL), compared with 178 mL (146–210 mL) in 
group 10 (P < .001).

Fig. 1  CONSORT flow diagram

Table 1  Demography data, sensory block level, dose of phenylephrine and Lactated Ringer’s solution, and surgical times

Data are presented as mean (SD) or median (interquartile range)

Characteristic Group 10 Group 20 P value

Age (yrs) 31.3 ± 4.3 30.2 ± 3.6 0.23

Height (cm) 159.4 ± 4.5 160.1 ± 4.2 0.46

Weight (kg) 67.7 ± 7.4 66.6 ± 5.8 0.46

Gestational age (weeks) 38.7 ± 0.7 38.6 ± 0.8 0.65

Sensory block level (dermatome) T5 (T5- T5) T5 (T5- T5) 0.34

Total dose of phenylephrine used (µg) 376 µg (299–523 µg) 276 µg (170–414 µg) < 0.001

Total volume of Lactated Ringer’s solution administered 
(mL)

178 mL (146–210 mL) 330 mL (304–442 mL) < 0.001

Time from spinal induction to delivery (min) 16.0 (14.0–18.0) 15.0 (13.0–19.0) 0.96

Surgery time (min) 49.5 (40.8–60.0) 49.0 (43.3–60.0) 0.79
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Side effects and neonatal outcomes are summarized in 
Table 2. Only one patient in group 20 experienced brady-
cardia, and there was no significant difference between 
the two groups in the incidence of maternal bradycardia 
(P = .31). No significant differences were found between 
the two groups regarding other side effects. Neonatal 
outcomes, including Apgar score, pH, and acid values 
of umbilical artery blood, were similar between the two 
groups.

Discussion
In this study, we observed a reduction of approxi-
mately 37% in the ED50 of phenylephrine infusion rate 
required to prevent spinal anesthesia-induced hypoten-
sion when co-hydration with a crystalloid solution was 
increased from 10 mL/kg/h to 20 mL/kg/h in women 
undergoing elective cesarean delivery. This suggests 

that the dose of prophylactic phenylephrine is affected 
by the volume of crystalloid coloading. No significant 
differences were observed in the incidence of side 
effects and neonatal outcomes between the two volume 
groups.

Existing literature indicates that crystalloid coload-
ing, colloid preloading or coloading, and prophylactic 
vasopressor infusion are effective therapeutic strategies 
for preventing spinal anesthesia-induced hypotension 
during cesarean delivery [1, 5, 12, 13]. However, limited 
research has been conducted on the impact of varying 
fluid therapy volumes on the dose-response relation-
ship of vasopressors. In this study, we were the first 
to compare the effects of two different crystalloid vol-
umes on the required dose of phenylephrine infusion 

Fig. 2  Individual response to phenylephrine infusion 
at corresponding doses (μg/kg/min). The ED50 of phenylephrine 
infusion rate, calculated using up-down analysis was 0.30 μg/kg/
min (95% CI, 0.29- 0.32 μg/kg/min) for group 10, and 0.19 μg/kg/
min (95% CI, 0.16- 0.22μg/kg/min) for group 20. The solid lines 
represent the ED50 values, while the dashed lines represent the 95% 
CI. Abbreviations: CI, confidence interval; ED50, effective dose in 50% 
of subjects

Fig. 3  Dose-response curve of prophylactic phenylephrine 
infusions to prevent hypotension was plotted by estimating 
the probabilities of effective response (ranging from 1% to 99%) 
against the corresponding phenylephrine infusion rate, which 
was calculated using probit analysis

Table 2  Incidence of side effects and neonatal outcomes

Data are presented as number (%), mean (SD) or median (interquartile range)

Characteristic Group 10 Group 20 P value

Hypotension 18 (45%) 16 (40%) 0.65

Hypertension 1 (2.5%) 0 (0%) 0.31

Bradycardia 0 (0%) 1 (2.5%) 0.31

Shivering 4 (10%) 2 (5%) 0.40

Nausea 4 (10%) 2 (5%) 0.40

Vomiting 1 (2.5%) 0 (0%) 0.31

1-min Apgar score 9 (9–10) 9 (9–9) 0.11

5-min Apgar score 10 (10–10) 10 (10–10) 0.57

Lactic acid 1.8 (1.5–2.1) 1.7 (1.5-2.0) 0.26

Umbilical arterial blood pH 7.29 ± 0.05 7.28 ± 0.05 0.48
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for preventing spinal anesthesia-induced hypoten-
sion. Our results demonstrate that a higher increase 
in volume of fluid administration is associated with 
a reduced requirement for vasopressors to prevent 
post-spinal hypotension. This suggests a negative cor-
relation between the volume of fluid administered and 
vasopressor dosage infusion when both strategies are 
applied to prevent spinal anesthesia-induced hypoten-
sion under the conditions of our study.

Administering phenylephrine infusion to prevent or 
bolus treatment of spinal anesthesia-induced hypoten-
sion is dose-dependent and can lead to bradycardia, 
which may reduce cardiac output. Therefore, reducing 
the dosage of prophylactic phenylephrine offers valuable 
clinical implications, although this is not evidenced by 
the results of our study, which may be due to the sample 
size. Nevertheless, we found a significant 37% reduction 
in phenylephrine dosage when the crystalloid volume was 
increased from 10 to 20 mL/kg/h. In this study, patients 
in the 20 mL/kg/h group were coloaded with 304 to 
442 mL of crystalloid over 13 to 19 min before neonatal 
delivery, which is less than previously reported volumes 
(1000–2000 mL) [4, 14–16]. Our findings would provide 
evidence that a negative correlation between cohydration 
volume and prophylactic vasopressor dosage exists, cau-
tion should be exercised as only two volume points were 
observed in this study, and further studies in this context 
are warranted.

The optimum dose of prophylactic phenylephrine infu-
sion to prevent spinal anesthesia-induced hypotension 
during cesarean delivery remains controversial. Allen 
et  al. [4] compared four fixed phenylephrine infusion 
doses of 25, 50, 75, or 100 µg/min with a 2-L fluid co-load 
before delivery, finding that 25 to 50 µg/min was supe-
rior to 75, or 100 µg/min. In our previous dose-response 
study, when combined with a co-loading of 15 mL/kg 
lactated Ringer’s solution over 20–30 min, we found the 
optimal initial dosage to be 0.54 µg/kg/min.3 The phe-
nylephrine infusion dosage for the prevention of spinal 
anesthesia-induced hypotension in cesarean delivery 
is influenced by several factors, including the dosage of 
spinal local anesthetics, sensory block level, and prophy-
lactic use of ondansetron [6]. Our findings indicate that 
prophylactic phenylephrine dose is also influenced by 
fluid volume, which may explain some of the discrepan-
cies in previously suggested optimal infusion doses of 
prophylactic phenylephrine.

The ideal fluid volume to prevent hypotension remains 
unclear, especially when prophylactic vasopressors are 
used [5]. Previous studies have employed fixed volumes 
ranging from 500 mL to 2000 mL [4, 14–16]. However, 
the determination of volume relationship for crystalloid 
or colloid co-loading has not been established in cesarean 

delivery. This may be because most hemodynamic effects 
from sympathetic blockade occur within the first 5 to 7 
min following intrathecal injection [5], meaning addi-
tional fluid administration beyond this point may offer 
little benefit. Practically, a moderate or a relatively lower 
volume of coloading is sufficient, especially when com-
bined with a prophylactic vasopressor, and administer-
ing excessive intravenous fluids for an extended period 
may lead to negative outcomes following cesarean 
delivery. Given that spinal anesthesia primarily causes 
sympathetic block-induced vasodilation and relative 
hypovolemia, we propose that an appropriate volume of 
co-hydration, combined with prophylactic vasopressor 
infusion, is important for the management of post-spinal 
hemodynamics. However, the lack of a direct comparison 
between large and small fluid volumes, when combined 
with prophylactic vasopressors, limits the validity of 
our suggestion. Hence, further studies comparing these 
approaches are necessary to confirm our hypothesis. 
Additionally, optimizing the balance between the advan-
tages and disadvantages of liquid volume and prophy-
lactic vasopressor dosage to maximize patient outcomes 
would be highly valuable for clinical application, as our 
study suggests an interactive relationship between these 
two factors.

Some may argue that colloid co-hydration is superior to 
crystalloid in preventing spinal anesthesia-induced hypo-
tension in cesarean delivery [17]. However, a study com-
paring colloid or crystalloid co-loading during cesarean 
delivery, with prophylactic phenylephrine infusion, found 
no advantage to using colloid over crystalloid [18]. More-
over, the use of colloids carries risks, including increased 
costs, allergic reactions, kidney injury, and increased 
mortality. For these reasons, we selected crystalloid 
coloading in our study. Nonetheless, further clinical 
research is needed to compare the efficacy of crystalloid 
and colloid co-hydration in preventing spinal anesthesia-
induced hypotension during cesarean delivery.

We acknowledge several limitations in this study. First, 
we determined and compared only ED50 values for phe-
nylephrine administered at varying volumes of crystalloid 
using the conventional up-and-down allocation method. 
It is important to note that in the real world, anesthesia 
providers tend to prefer doses such as ED90 or ED95, and 
even ED99, which are more clinically relevant than ED50. 
Hence, further studies should aim to establish these 
doses for clinical reference. Second, our findings cannot 
be applied to high-risk or emergency cesarean deliveries 
due to the stringent criteria used for inclusion and exclu-
sion. Finally, the secondary outcomes, such as side effects 
in this study, should be interpreted with caution, as our 
sample size was primarily determined based on the main 
outcomes, which may not have been sufficient to detect 
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statistically significant differences in the exploratory 
outcomes.

In summary, under the conditions of this study, we 
found that a higher rate of crystalloid co-loading reduced 
the prophylactic phenylephrine requirement for prevent-
ing spinal anesthesia-induced hypotension in cesarean 
delivery.
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