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ABSTRACT

Introduction: Birth by cesarean section (C-section) has increased significantly, with a high risk of maternal hypotension due to
spinal anesthesia.

Objective: This study aims to compare the prophylactic effectiveness of phenylephrine 100 mcg and ephedrine 10 mg in
preventing spinal anaesthesia induced hypotension in C-section patients. With a focus on safety and reducing the incidence of
fetal acidosis, the results of the study are expected to provide clinical insights that can improve the safety and quality of care for
pregnant women undergoing this procedure.

Methods: This study compared the effectiveness of phenylephrine 100 mcg and ephedrine 10 mg in preventing hypotension due
to spinal anesthesia in cesarean section patients in four hospitals in Medan, Indonesia. Using a double-blind design, 40 patients
aged 18-40 years were randomly selected, and blood pressure and heart rate were measured before and after anesthesia. Data
were analyzed using SPSS, and ethical aspects were taken care of through informed consent.

Results: This study found that phenylephrine 100 mcg was more effective than ephedrine 10 mg in preventing spinal anaesthesia
induced hypotension in cesarean section, with more stable blood pressure and mean arterial pressure (MAP) at the 5th, 10th, and
15th minutes (p-value < 0.05). Although ephedrine remained above 100 mmHg for systolic blood pressure (SBP), the incidence
of nausea and vomiting was slightly higher in the ephedrine group. Results support phenylephrine as the primary choice for
hypotensive management.

Conclusion: Phenylephrine 100 mcg is more effective than ephedrine 10 mg in preventing hypotension due to spinal anesthesia,
without increasing heart rate. Despite causing nausea, ephedrine has a higher incidence of vomiting. Ephedrine is recommended
if phenylephrine is not available, with further studies needed for lower doses of phenylephrine.
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ABSTRAK

Pendahuluan: Kelahiran melalui seksio sesarea (C-section) mengalami peningkatan signifikan, dengan risiko hipotensi maternal
yang tinggi akibat anestesi spinal.

Tujuan: Penelitian ini bertujuan untuk membandingkan efektivitas profilaksis fenilefrin 100 mcg dan efedrin 10 mg dalam
mencegah hipotensi yang dipicu oleh anestesi spinal pada pasien C-section. Dengan fokus pada keamanan dan pengurangan
insiden asidosis janin, hasil penelitian diharapkan memberikan wawasan klinis yang dapat meningkatkan keselamatan dan
kualitas pelayanan bagi ibu hamil yang menjalani prosedur ini.

Metode: Penelitian ini membandingkan efektivitas fenilefrin 100 mcg dan efedrin 10 mg dalam mencegah hipotensi akibat
anestesi spinal pada pasien seksio sesarea di empat rumah sakit di Medan, Indonesia. Dengan desain double-blind, 40 pasien
berusia 18-40 tahun diambil secara acak dan diukur tekanan darah serta denyut jantung sebelum dan sesudah anestesi. Data
dianalisis menggunakan SPSS, dan aspek etika dijaga melalui informed consent.

Hasil: Penelitian ini menemukan bahwa fenilefrin 100 mcg lebih efektif daripada efedrin 10 mg dalam mencegah hipotensi
akibat anestesi spinal pada seksio sesarea, dengan tekanan darah dan tekanan darah rata-rata (MAP) yang lebih stabil pada menit
ke-5, ke-10, dan ke-15 (p-value < 0,05). Meskipun tekanan darah tetap di atas 100 mmHg untuk tekanan darah sistolik (SBP),
kejadian mual dan muntah sedikit lebih tinggi pada kelompok efedrin. Hasil mendukung fenilefrin sebagai pilihan utama untuk
manajemen hipotensi.

Kesimpulan: Fenilefrin 100 mcg lebih efektif daripada efedrin 10 mg dalam mencegah hipotensi akibat anestesi spinal, tanpa
meningkatkan denyut jantung. Meskipun menyebabkan mual, efedrin memiliki insiden muntah lebih tinggi. Penggunaan efedrin
disarankan jika fenilefrin tidak tersedia, dengan penelitian lebih lanjut diperlukan untuk dosis fenilefrin yang lebih rendah.

Kata kunci: Cesarean section; Efedrin; Hipotensi; Fenilefrin; Anaesthesi spinal
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INTRODUCTION

Births by cesarean section (C-section) have
seen a significant increase in recent decades. In
England and Wales, data from the National
Sentinel Caesarean Audit shows that C-section
rates increased from 4% in the early 1960s to 21%
in 2001, accounting for 32,222 births out of a total
of 150,139 deliveries (1). The Indonesian Basic
Health Research (Riset Kesehatan
Dasar/RISKESDAS) 2018 recorded that the C-
section delivery rate was 17.6%, with North
Sumatra province recording the highest rate at
23.9% (2).

The safety of anesthesia for C-sections has
improved considerably, with a decrease in
anesthesia-related maternal mortality. However,
the incidence of hypotension remains a
significant problem, with the incidence reaching
25-75% in patients undergoing spinal anesthesia,
and approximately 60-70% in C-section patients
(3,4). Maternal hypotension can affect
uteroplacental perfusion, potentially leading to
serious complications such as fetal asphyxia and
impaired acid-base status (4,5).

Spinal anesthesia is the primary choice for C-
section, but side effects such as hypotension need
to be well managed. Various approaches have
been considered to prevent this problem,
including intravenous fluid administration and
the use of vasopressors. Ephedrine and
phenylephrine are two commonly used
vasopressors, each with a different mechanism of
action and side effect profile (4,6).
Phenylephrine, in particular, shows better
potential in reducing the incidence of foetal
acidosis compared to ephedrine, thus, it is
increasingly recommended as the first choice in
hypotensive management (5,7).

Some studies suggest that phenylephrine is
more effective in preventing hypotension after
spinal anesthesia. Research conducted by Veeser
et al. found that the use of ephedrine increased the
risk of fetal acidosis five-fold compared to
phenylephrine (8). In addition, the study by
Muneer et al. also indicated that phenylephrine

has a better safety profile with a lower incidence
of fetal acidosis (9,10).

This study aims to compare the effectiveness
of phenylephrine 100 mcg prophylaxis with
ephedrine 10 mg in preventing the incidence of
spinal anaesthesia induced hypotension in patients
undergoing C-section. The results of the study are
expected to provide new insights that are useful in
clinical practice and improve the safety and quality
of service for pregnant women undergoing C-
sections.

METHODS

In this study, a cross-sectional observational
analytic design was used. During July to August
2024, this study was conducted to evaluate the
relationship between pain assessment with
delirium using the critical-care pain observation
tool (CPOT) scale and the confusion assessment
method for the intensive care unit (CAM-ICU) in
intubated patients. The study has been done in the
Intensive Care Unit (ICU) of 4 hospitals in
Medan, Indonesia, namely H. Adam Malik
General Hospital, Prof. Dr. Chairuddin P. Lubis
Hospital Medan, Haji Hospital Medan, and Dr.
Pirngadi Hospital Medan City, after obtaining
ethical clearance from the Universitas Sumatera
Utara ethics committee for the implementation of
health research No. 811/KEPK/USU//2024 dated
04" July 2024. This study also obtained ethical
clearance and research permits from each multi-
center institution with the following ethical
research permit number information:
1. H. Adam Malik General Hospital,

No. DP.04.03/D.XXVI11/6822/2024, dated

01% August 2024
2. Prof. Dr. Chairuddin P. Lubis Hospital,

No. 3056/UN5.5.6.D2/PPM/2024, dated 24"

July 2024

3. Haji Hospital Medan, No.
196/PSDM/RSUHM/V11/2024, dated 16"
July 2024

4. Dr. Pirngadi Hospital Medan City,
No. 161/B.LitBang/2024, dated 17" July
2024
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The sample was drawn based on the
predetermined inclusion and exclusion criteria,
and the sample size was calculated using the
formula for the relationship test (11). Inclusion
criteria were intubated adult patients aged 18-40
years old who underwent elective cesarean
section with spinal anesthesia technique and were
admitted to the ICU. Exclusion criteria were
vegetative patients, patients or patients' families
who refused to participate in the study. The
sample size estimate is calculated according to the
sample formula for the relationship test:

ni= nz= 2{ (1,96+0,84)11,32 }2

117,2—-106,43

ni= np= 2 {31,696}2
10,77
ni= nz= 16,82
ni=nx=17

The results of the sample formula calculation
obtained n1 =n2 =17 samples. To anticipate drop
out, 10% of the 17 samples needed were added.
This resulted in each group requiring 19 samples,
with a minimum total sample requirement of 38
samples. The sampling technique was performed
using the simple random sampling method,
ensuring that all subjects met the specified
criteria.

In the course of the study, patients will be
randomly divided into two groups: the
phenylephrine group, receiving 100 mcg of
phenylephrine and ephedrine group, receiving 10
mg of prophylactic ephedrine. The procedure
begins with the measurement of blood pressure
and heart rate before and after spinal anesthesia,
at predetermined times. The data obtained from
the measurements will be analyzed using SPSS
software version 29, where descriptive and
inferential analyses will be performed to assess
the differences between the two groups.

The ethical aspects of the study were
maintained by providing informed consent to each
participant, explaining the purpose, benefits, and
risks of the study. During the study, emergency

management procedures were also in place to
ensure patient safety. The results of this study are
expected to provide significant information
regarding the effectiveness of both prophylactic
drugs in preventing spinal anaesthesia induced
hypotension.

RESULTS AND DISCUSSION

This study was conducted from July to
August 2024 in 40 people. The sample was
divided into two groups of 20 people each.
Subject characteristics showed that in the
phenylephrine group, the mean age was 30.8 £5.1
years. This study utilizes body weight in
kilograms as a reference, as the dosage of
medication administered to pregnant women is
adjusted according to their weight. Additionally,
the study does not employ Body Mass Index
(BMI) as a reference, considering that the
subjects are pregnant women. This decision is
based on concerns that BMI calculations for all
subjects may indicate obesity. Mean body weight
was 65.65 = 8.5 kg, and the mean height was
157.45 + 3.9 cm. In contrast, in the ephedrine
group, the mean age was 30 + 5.04 years, the
mean body weight was 67.45 + 6.8 kg, and the
mean height was 159.4 + 5.38 cm.

Table 1. Characteristics of research subjects

Group i
Characteristics Phenylephrine  Ephedrine va?ue*
(n=20) (n=20)

Age (years) -
[mean + SD] 30.8+5.1 30+5.04 0.464
Body Weight (kg) -
[mean + SD] 65.65+ 8.5 67.45+6.8 0.613
Height (cm) -
[mean + SD] 157.45+3.9 159.4+5.38 0.612
Gravida [n (%0)]

1st pregnant 11 (27.5) 5(12.5)

2nd pregnant 4 (10) 6 (15) 0.974**

3rd pregnant 4(10) 7 (17.5)

4th pregnant 1(2.5) 2(5)
Pregnancy Age
[n (%0)]

37-38 weeks 8 (20) 7(17.5) 0.526**

38-39 weeks 5(12.5) 5(12.5)

39-40 weeks 2(5) 13 (32.5)

*Results of the Independent T-test, it is significant if o < 0.05
**Results of the Chi-square test, it is significant if a < 0.05
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Analysis based on gravida and gestational age
showed that in the phenylephrine group, the
majority of patients were first gravida, with 11
people (40%) and a gestational age of 38-39 weeks,
as many as 10 people (50%). In the ephedrine group,
most patients were 3rd gravida, with 7 individuals
(35%) and a gestational age of 39-40 weeks,
including 13 individuals (65%). These data show
that both groups had no statistically significant
differences between the two groups for age, body
weight, height, gravida status, and pregnancy age,
as all p-values are greater than the significance
level of a < 0.05 [Table 1].

Table 2 shows the results of systolic blood
pressure measurements, which show that
phenylephrine is more effective than ephedrine in
maintaining systolic blood pressure (SBP). At the
5th minute (T1), 10th minute (T2), and 15th minute
(T3), the phenylephrine group showed higher
blood pressure values with statistically significant
differences (p-value < 0.05). Although the
ephedrine group experienced a decrease in blood
pressure over time, they were still able to maintain
SBP above 100 mmHg.

Table 2. Comparison of Systolic Blood Pressure in the
Phenylephrine 100 mcg and Ephedrine 10 mg

Prophylaxis Groups
Group
SBP Phenylephrine  Ephedrine  P-value*
(n=20) (n=20)
?;*(‘))m'”“te 12675+11.77  12225+78  0.188
?;q)m'””te 12535+70 115954686  0.001
%gt;)‘ minute 1236+7.64  1105+9.13  0.001
%%V)‘ minute  15405+557  108.15+9.58  0.0001

*Results of the Unpaired T-test, it is significant if a < 0.05

Table 3 presents the results of diastolic blood
pressure measurements between phenylephrine
and ephedrine, which found that both drugs can
maintain diastolic blood pressure (DBP) starting
from the 5th minute (T1), 10th minute (T2), and
15th minute (T3) with statistically significant
results, p-value < 0.05. The DBP measurement in

the phenylephrine group was higher than in the
ephedrine group.

Table 3. Comparison of Diastolic Blood Pressure in the
Phenylephrine 100 mcg and Ephedrine 10 mg

Prophylaxis Groups
Group
DBP Phenylephrine Ephedrine  P-value*
(n=20) (n=20)

Oth minute

(TO) 80.15£6.25 77.05+7.3 0.186
5th minute

(T1) 76.95+6.5 76.85£7.56 0.001
%%? minute 778+104  6885+7.44 0001
15th minute

(T3) 751+17 67.4+£7.92 0.006

*Results of the Unpaired T-test, it is significant if a < 0.05

Mean Arterial Pressure (MAP) between
phenylephrine and ephedrine was found to
increase MAP in the phenylephrine group higher
than ephedrine at the 5th minute (T1), 10th minute
(T2), and 15th minute (T3) with a statistically
significant difference p-value < 0.05. MAP in the
phenylephrine group remained > 90mmHg while
in the ephedrine group > 80mmHg [Table 4].

Table 4. Comparison of Mean Arterial Pressure in the
Phenylephrine 100 mcg and Ephedrine 10 mg

Prophylaxis Groups
Group
MAP Phenylephrine  Ephedrine  P-value*
(n=20) (n=20)

Oth minute 96.55+ 7.9 86.3 +13.63

(TO) 0.092
5th minute 91.8+55 85.95+58

(T1) 0.006
10th minute 91.75£5.92 82.75+7.61 0.001
(T2)

%_?t;)] minute 93 £5.56 82.45 +10.15 0.001

*Results of the Unpaired T-test, it is significant if a < 0.05

Table 5 shows the results of measuring the
average heart rate between the phenylephrine and
ephedrine groups. There was an increase in the
average heart rate in the ephedrine group starting
at minute 10 (T2) and minute 15 (T3).
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Table 5. Comparison of Heart Rate in the Phenylephrine
100 mcg and Ephedrine 10 mg Prophylaxis

Groups
Group
HeartRate  “ppenyiephrine  Ephedrine  P-value®
(n=20) (n=20)

Oth minute
(TO) 86.8 £6.13 80.6 £6.9 0.007
5th minute
(T1) 82.35+7.52 85.9 +5.47 0.124
10th minute
(T2) 79976 925+74 0.0001
%%‘ minute 7405621  989+592  0.0001

*Results of the Unpaired T-test, it is significant if a < 0.05

Table 6 presents the results of observations on
the incidence of nausea and vomiting in the
phenylephrine and ephedrine groups. Where in the
phenylephrine group there were 5 people who were
nauseous and 2 people who experienced vomiting.
In the ephedrine group, 7 people were nauseated
and 2 people were vomited.

Table 6. Frequency of Nausea and Vomiting in the
Phenylephrine 100 mcg and Ephedrine 10 mg

Prophylaxis Group
. Phenylephrine Ephedrine
Side effects (n=20) (n=20) Total
Nausea 5(41.6) 7(58.3) 12 (100)
VVomiting 2 (50) 2 (50) 4 (100)

Vasopressors play a key role in managing
spinal anesthesia induced hypotension, which is
caused by sympathetic blockade and loss of
arteriolar tone. Ephedrine has long been
considered the best vasopressor to manage
maternal hypotension. However, studies have
shown that ephedrine may increase the risk of
fetal acidosis by up to five times compared to
phenylephrine. Nowadays, phenylephrine is
gaining popularity as the primary choice in
preventing and managing spinal anesthesia
induced hypotension in cesarean section surgery,
despite its potential to decrease heart rate and
cardiac output due to its non-beta-mimetic
mechanism of action.

In this study, blood pressure measurement
results showed the prophylactic effectiveness of
phenylephrine and ephedrine in preventing spinal

anesthesia induced hypotension. Figures 1 and 2
provide a clear picture of the comparison, which
supports the use of phenylephrine as a safer
alternative despite the possible side effects. These
results suggest that appropriate selection of
vasopressors is essential to minimize risks to both
mother and fetus during surgical procedures (6).

—o— Phenylephrine 100mcg == Ephedrin 10mg
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Figure 1. Comparison of Systolic Blood Pressure in the
Phenylephrine 100 mcg and Ephedrine 10 mg
Prophylaxis Groups
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Figure 2. Comparison of Diastolic Blood Pressure in the
Phenylephrine 100 mcg and Ephedrine 10 mg
Prophylaxis Groups

Phenylephrine and ephedrine were effective
in maintaining systolic blood pressure in spinal
anesthesia patients, with significant results at
minutes 5, 10, and 15 (p-value < 0.05).
Phenylephrine was superior in maintaining
systolic blood pressure compared to ephedrine,
following the findings of Dusitkasem et al. (7)
and Chauhan et al. (8) who noted an increase in
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blood pressure after prophylactic administration.
Phenylephrine works as an al adrenergic receptor
agonist, whereas ephedrine functions as an
agonist at a and P adrenergic receptors, which
increases heart rate and cardiac output.

Both drugs also successfully maintained mean
arterial pressure (MAP) significantly (p-value <
0.05) during the measurement. These results
suggest that they can be effectively used to prevent
spinal anaesthesia induced hypotension, as
illustrated in Figure 3. The selection of appropriate
prophylaxis is important to minimize the risk of
complications during surgical procedures.

—&—Phenylephrinl00mcg == Ephedrin 10mg

100
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Figure 3. Comparison of Mean Arterial Pressure in the
Phenylephrine 100 mcg and Ephedrine 10 mg
Prophylaxis Groups

The  results showed that both
phenylephrine and ephedrine were effective in
maintaining mean arterial pressure (MAP) during
the prevention of spinal anesthesia induced
hypotension, with p-value < 0.05 in all
measurements. However, phenylephrine was
superior, giving higher results. As an a-
adrenergic agonist, phenylephrine increases
systemic vascular resistance through
sympathomimetic effects, while ephedrine has no
major beta-mimetic effect but increases MAP
through arteriolar vasoconstriction (6). These
findings are in line with the study by Muneer et
al. (12) which states that both drugs are effective
in maintaining MAP, although phenylephrine
shows superiority in this regard.

—&— Phenylephrin 100mcg == Ephedrin 10mg

120
2,
100 868 86 92.5 99
80
81 82 80 74
60
40
20
0
0TH 5TH 10TH 15TH
MINUTE MINUTE MINUTE MINUTE
(T0) (T1) (T2) (T3)

Figure 4. Comparison of Heart Rate in the Phenylephrine
100 mcg and Ephedrine 10 mg Prophylaxis Groups

The results showed that the heart rate in the
group receiving phenylephrine prophylaxis
decreased below 80x/min, while in the ephedrine
group, it increased to above 90x/min. This can be
seen in Figure 4. This finding is in line with
Chauhan et al. (8), which noted that
phenylephrine did not cause an increase in heart
rate, while 19 out of 40 samples in the ephedrine
group experienced an increase. The increase in
heart rate caused by ephedrine was primarily due
to its predominant effects on B1 receptors,
whereas phenylephrine did not influence those
receptors, resulting in a decrease in cardiac
output. Although the decrease in cardiac output
with phenylephrine may raise concerns regarding
placental perfusion, the study suggests that higher
cardiac output is needed in high-risk pregnant
women (5,6).

Regarding side effects, the incidence of
nausea and vomiting was higher in the ephedrine
group, as also found by Chauhan et al. (8). Nausea
and vomiting occurred even though systolic blood
pressure did not fall below 100 mmHg, probably
because no antiemetic was given as
premedication. The study by Muneer et al. (12)
found no significant difference in the incidence of
nausea and vomiting between phenylephrine and
ephedrine, and the study by Jaitawat et al. (5)
showed that the incidence was not related to the
dose of phenylephrine administered. A meta-
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analysis by Chao et al. (13) also showed that the
incidence of intraoperative nausea and vomiting
was lower in the phenylephrine group.

This study found that prophylactic
phenylephrine 100 mcg is more effective than
ephedrine in preventing spinal anesthesia induced
hypotension, mainly because phenylephrine does
not increase heart rate excessively. This finding
contradicts the meta-analysis by Dusitkasem et al
(7) which stated that both drugs are equally
effective in maintaining hemodynamics. Similar
results were also found by Chao et al. (13),
indicating that the effectiveness of both drugs is
still a matter of debate.

Limitations in this study include the
unavailability of phenylephrine at the sampling
sites and the lack of data regarding the timing of
the occurrence of adverse events of nausea and
vomiting. Further studies are needed to elucidate
the relationship between vasopressor
administration and the incidence of adverse events
and their impact on pregnant patients.

CONCLUSION

Phenylephrine 100 mcg is more effective as
prophylaxis in preventing spinal anesthesia
induced hypotension than ephedrine 10 mg,
without excessively increasing heart rate. There
were significant differences in systolic, diastolic,
mean arterial pressure and heart rate between the
two groups. Although phenylephrine caused
nausea in some patients, ephedrine showed a
higher incidence of vomiting. It is suggested that
ephedrine should be used if phenylephrine is not
available, and further studies are needed to
compare lower doses of phenylephrine with
ephedrine, taking into account cost-benefit aspects.

Acknowledgment

Completing this study would not have been
possible without the involvement and support of
reputable supervisors, reviewers, and instructors.
We express our sincere gratitude to every patient
who took the time to complete this study. We

sincerely thank them for their contributions and
acknowledge them.

Conflict of Interest
There is no conflict of interest in this study.

Funding Disclosure
The authors declared that this research has
received no financial support.

Authors’ contributions
All authors have contributed to all processes in this
research.

REFERENCES

1. Ministry of Health of the Republic of Indonesia.
RISKESDAS National Report. Jakarta; 2018.
[Website]

2. Bisri D, Uyun Y, Soewondo B, Wahjoeningsih
S, Bisri T. Regional Anaesthesia for Cesarean
Section. In: Obstetric Anesthesia & Critical
Care. 2nd ed. Yogyakarta: KATI Obstetric
Anaesthesia Subspecialist Education
Subcommission; 2021. p. 75-108.

3. Gaus S, Djafar Ml, Salahuddin A, Ahmad MR,
Musba AMT, Palinrungi AS. Effect of
Crystalloid or Colloid Fluid Loading and
Vasopressor Pre-Treatment on the Timing of
Hypotension in Cesarean Section with
Subarachnoid Block. Open Access Maced J
Med Sci. 2022; 10(B): 2457-64. [Website]

4. Akshay R, Bajaj JK. To Study Maternal
Hypotension, Side-Effects and Fetal Acid-Base
Balance During Cesarean Delivery Under
Spinal Anesthesia using Prophylactic Infusion
Doses of 25 and 50 pg/Min Phenylephrine.
Journal of Obstetric Anaesthesia and Critical
Care. 2023; 13(2). [Website]

5. Jaitawat SS, Partani S, Sharma V, Johri K,
Gupta S. Prophylactic Administration of Two
Different Bolus Doses of Phenylephrine for
Prevention of Spinal-Induced Hypotension
During Cesarean Section: A Prospective
Double-Blinded Clinical Study. Journal of

Indonesian Journal of Anesthesiology and Reanimation (IJAR) | Vol. 7 | No. 2 | July 2025


https://repository.badankebijakan.kemkes.go.id/id/eprint/3514/1/Laporan%20Riskesdas%202018%20Nasional.pdf
https://oamjms.eu/index.php/mjms/article/view/10860
https://journals.lww.com/joac/fulltext/2023/13020/to_study_maternal_hypotension,_side_effects_and.5.aspx

Etania, et al.: Phenylephrine vs. ephedrine effectiveness

Indonesian Journal of Anesthesiolog

Obstetric Anaesthesia and Critical Care. 2019;
9(2). [Website]

. Biricik E, Unligenc H. Vasopressors for the
treatment and prophylaxis of spinal induced
hypotension during caesarean section. Turk J
Anaesthesiol Reanim. 2021; 49(1): 3-10.
[PubMed] [Website]

. Dusitkasem S, Herndon BH, Somjit M, Stahl
DL, Bitticker E, Coffman JC. Comparison of
Phenylephrine and Ephedrine in Treatment of
Spinal-Induced Hypotension in High-Risk
Pregnancies: A Narrative Review. Front Med
(Lausanne). 2017; 4-2017. [Website]

. Chauhan D, Sharma T, Chakarani D. Effects of
phenylephrine and ephedrine in prevention and
treatment of hypotension during spinal
anaesthesia for elective cesarean section: A
randomized controlled study. Int J Health Sci
(Qassim). 2022; 6(S1): 3955-69. [PubMed]

. Heesen M, Girard T, Klimek M. Noradrenaline
— at best it is not worse. A comparison with
phenylephrine in women undergoing spinal
anaesthesia for caesarean section. Anaesthesia.
2021; 76(6): 743—7. [PubMed] [Website]

10. Wong CA. Spinal

and Reanimation (IJAR

anesthesia-induced
hypotension: is it more than just a pesky
nuisance? Am J Obstet Gynecol. 2020; 223(5):
621-3. [PubMed] [Website]

11. Bujang MA. A Step-by-Step Process on

Sample Size Determination for Medical
Research. Malays J Med Sci. 2021; 28: 15-27.

[Website]

12. Muneer K, Khurshid H, H. K. V. Comparison

of Phenylephrine and Ephedrine in the
Treatment of Hypotension and Its Effects on
the Foetus after Subarachnoid Block for
Caesarean Section. J Evol Med Dent Sci.
2021; 10(44): 3775-80. [PubMed] [Science
Direct

13. Xu C, Liu S, Huang Y, Guo X, Xiao H, Qi D.

Phenylephrine vs ephedrine in cesarean
delivery under spinal anesthesia: A systematic
literature  review and  meta-analysis.
International Journal of Surgery. 2018; 60:
48-59. [PubMed] [Website]

Vol. 7 | No. 2 | July 2025


https://journals.lww.com/joac/fulltext/2019/09020/prophylactic_administration_of_two_different_bolus.7.aspx
https://pubmed.ncbi.nlm.nih.gov/33718899/
https://turkjanaesthesiolreanim.org/articles/doi/TJAR.2020.70
https://sciencescholar.us/journal/index.php/ijhs/article/view/5697
https://pubmed.ncbi.nlm.nih.gov/33406274/
https://pubmed.ncbi.nlm.nih.gov/33131652/
https://www.ajog.org/article/S0002-9378(20)30986-8/fulltext
https://pubmed.ncbi.nlm.nih.gov/28164084/
https://www.frontiersin.org/journals/medicine/articles/10.3389/fmed.2017.00002/full
https://www.jemds.com/data_pdf/khawer%20muneer-greena-giri-issue%2044.pdf
https://pubmed.ncbi.nlm.nih.gov/30389535/
https://www.sciencedirect.com/science/article/pii/S1743919118316856?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1743919118316856?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/33958957/
http://www.mjms.usm.my/MJMS28022021/MJMS28022021_02.pdf

