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Abstract
Hypotension in patients who take spinal anesthesia is a potentially 

serious issue. Expansion of the intravascular volume can be achieved 
by preloading with crystalloid fluids, which is a common practice in 
elective cases. Ephedrine, as a prophylaxis, has been recently practiced 
to prevent such occurrence. This study aimed to compare the efficacy 
between preloading with crystalloid fluid and administering ephedrine as 
a prophylaxis in the prevention of spinal anesthesia-induced hypotension 
during elective cesarean delivery.  A total of 60 parturient mothers 
(30.98+4.69 years of age) appointed for elective cesarean delivery were 
randomly allocated to each group. The crystalloid group (n=30) received 
the usual management which is a crystalloid fluid 15 minutes prior to 
spinal anesthesia and the second group, ephedrine group (n=30) were 
given prophylactic ephedrine soon after receiving spinal anesthesia. Vital 
signs including blood pressure and pulse rate were recorded in time and 
patients were observed for the occurrence of complications related to 
spinal anesthesia. The primary endpoint was the change in the mentioned 
vital signs. The secondary endpoint included the occurrence of spinal 
anesthesia related complications. The overall mean SBP in the ephedrine 
group (M= 117.20, SD=10.19) was significantly greater (p=0.004) than the 
crystalloid group (M=106.43, SD=13.96). No significant difference was 
observed on the overall measure of pulse rate (p=0.238). The incidence 
of hypotension (46.7% vs 3.3%) as well as nausea and vomiting (46.7% 
vs 0%) were significantly higher in the crystalloid group (p<0.0001). In 
conclusion, administration of ephedrine as a prophylaxis is better than 
crystalloid preloading in the prevention of spinal-induced hypotension and 
associated complications.

Keywords: Hypotension; Prophylactic Ephedrine; Crystalloid; Spinal 
Anesthesia

Introduction
Spinal Anesthesia is a commonly practiced mode of regional anesthesia 

for patients undergoing caesarean section. It is an accepted and appropriate 
choice of anesthesia, providing high quality of sensory and motor block with 
adequate muscle relaxation and avoiding the risk of aspiration and other risks 
of general anesthesia [1-10]. However, spinal anesthesia is not without a 
risk. The most common maternal complication after spinal anesthesia during 
caesarian delivery is hypotension, in which the incidence reaches up to 80% 
if preventive measures have not been taken [1, 9, 11-19]. Hypotension is 
generally characterized as a reduction of systolic arterial pressure greater than 
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20% of the baseline [20]. Profound hypotension could be a 
potentially serious issue resulting in adverse maternal and 
fetal outcomes if not managed effectively and urgently [18, 
19, 21-24]. The hypotension happens from sympathetic nerve 
blockade followed by diminished peripheral vasodilation,  
vascular resistance, and peripheral pooling leading to reflex 
increase in heart rate [25-29]. Placental blood flow is directly 
related to maternal blood pressure, thus a reduction in maternal 
blood pressure can lead to placental hypo-perfusion and 
fetal asphyxia. [18, 19, 23, 30, 31]. Developing post-spinal 
maternal hypotension has various clinical manifestations 
such as nausea, vomiting, and dizziness, which often 
interferes with the surgery [8, 31, 32]. The high incidence 
of post-spinal hypotension suggests the need for multimodal 
protocols for its prevention and management [33]. Various 
methods have been considered appropriate to prevent this 
problem [18, 23, 34-36]. The use of crystalloid preloading 
has been advocated for decades as an effective regimen in 
the expansion of intravascular fluid volume and thus reducing 
hypotension [7, 32, 33, 37]. However, it doesn’t offer full 
protection and recent evidences has questioned its value [4, 
14, 21, 29, 34, 38, 39]. Despite all crystalloid preloading 
regimens, the incidence of post-spinal hypotension remains 
still high [32].The use of vasopressors is more widely 
accepted as an effective method for decreasing post-spinal 
hypotension than crystalloid loading [1, 21, 40, 41]. Of the 
available vasopressors, ephedrine has been considered for 
long as the primary drug for the treatment of post-spinal 
hypotension, especially in obstetric mothers [14, 18, 30, 34]. 
It can be the vasopressor of choice to control spinal induced 
hypotension, but administering it as a prophylaxis to prevent 
spinal-induced hypotension is a newly developing technique 
[23]. In our country, parturient mothers who undergo elective 
caesarian delivery under spinal anesthesia are expected to 
receive crystalloid preloading preoperatively. Although a 
formally documented literature doesn’t exit, hypotension is a 
common experience despite receiving crystalloid preloading 
in which at times challenge to the anesthetic management of 
such incidents. Therefore, this study was conducted with the 
purpose of comparing the efficacy of preloading a parturient 
with crystalloid fluid versus administering ephedrine as a 
prophylaxis soon after spinal anesthesia is given to prevent 
the occurrence of hypotension. In the current study, we 
hypothesized that administration of ephedrine prophylaxis 
could have a better outcome in the prevention of spinal 
anesthesia induced hypotension. 

Methods
Study design & Setting: 

This was a single center, prospective, double blinded, 
randomized comparative clinical trial conducted from 
December 2021 to February 2022. The study was conducted 
in Orotta National Referral Maternity Hospital, located 

in Asmara, the capital of Eritrea. The hospital is the only 
national referral maternity hospital providing healthcare 
at a tertiary level to all patients with gynecology, maternal 
and obstetric cases from all zones of the country. After 
subject assessment, 63 parturient mothers appointed for 
elective cesarean delivery were allocated to each parallel 
group (crystalloid or ephedrine) in a 1:1 ratio. The study 
protocol was approved by the ethical committee of Orotta 
College of Medicine and Health Sciences and Ministry of 
Health at the Department of Research and Human Resource 
Development with an approval date on 21/01/2022 (Reff No: 
01/0/22). The clinical trial was registered in the Pan African 
Clinical Trial Registry (Clinical Trial Registration Number: 
PACTR202302481261045, Date registered: 03/02/2023). 
The study was performed in accordance with the principles of 
the Declaration of Helsinki, and after explaining the objective 
of the study, written informed consent was obtained from each 
participant prior to enrollment. All methods were performed 
in accordance with relevant guidelines and regulations.

Participant selection and Randomization:

 The study comprised sixty parturient mothers who 
were scheduled for elective cesarean delivery under spinal 
anesthesia within the study period. Additional inclusion 
criteria included, patients with physical status of ASA I and 
II, those with full term of a single pregnancy, and mothers 
with the age range of 18 to 40 years. Patients who didn’t 
consent to participate in the study, those who were not fit for 
spinal anesthesia, those with a history of allergic reactions to 
local anesthetics, those with preceding or pregnancy-induced 
hypertension, patients with coagulopathy of any cause, patients 
with severe cardiac, respiratory, hepatic or renal disease and 
pre-eclamptic and eclamptic patients and those who developed 
emergency conditions during the intraoperative period were 
excluded from the study. Sample size was calculated using 
a sample size formula for the difference of two independent 
samples given by [42]: n ≥ (Zα/2+Zβ)2 *2*σ2 / d2, where 
Zα/2 is the critical value set at α = 0.05 given by 1.96, Zβ 
is the critical value of the Normal distribution at β (0.84), 
σ2 is the population variance (324), and d is the difference 
needed to be detected (15); was used to get 23 individuals 
in each group. The study being undergone for the first time, 
due care was made to avoid unexpected attrition and hence 
20% potential non-response was suggested to recommend 
at least 29 patients in each group. Enrollment and random 
allocation of the patients to either group were conducted by 
one independent health care personnel who was not involved 
in the study in any respect. Patients were randomly assigned 
following simple randomization procedures. A computer 
generated list of random numbers was used and patients were 
randomly assigned to either of the two groups using sealed 
envelope method. Study participants, perioperative care 
providers and the data analyst were blinded to the allocated 
groups. Only the anesthetist attending the surgery knew the 
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allocated groups to enable drug administration, monitoring 
and management.

Data collection tools: 

The key elements of socio-demographic and clinical 
variables of the patients were obtained using a socio-
demographic and clinical form. The variables were age, 
height, weight, gravid, parity, previous C/S, reason for C/S, 
and level of block. A checklist was adopted from a similar 
study conducted in Egypt [22]. The tool was used to score 
the change in the vital signs. The recorded and assessed vital 
signs were blood pressure and pulse rate. Content validity of 
the socio-demographic form and the checklist was insured 
by expert opinions from the anesthesia department. Pretest 
was done among 10 patients for the purpose of assessing 
the comprehension and applicability of the checklist in 
ascertaining the acquisition of the desired data.

Interventions: 

Patients initially were encountered during the preoperative 
assessment period. After obtaining consent, a thorough pre-
anesthetic evaluation was done by taking a detailed history 
and conducting a physical examination. Routine preoperative 
laboratory investigations were conducted for the evaluation 
of patient physical status. No premedication was given. 
Patients were kept fasting for the night of 8 hours period of 
time. During the preoperative period patient enrollment and 
randomization was conducted, and patients were allocated 
in either of the two groups. In the preparation room, an 
intravenous 18G cannula was inserted. Upon arrival to 
the operating room, patients were attached to vital sign 
monitoring instruments and continuous monitoring was 
carried out with noninvasive blood pressure evaluation and 
pulse oximetry. Baseline vital signs were recorded before 
the start of the procedure. The crystalloid group received 
the usual preoperative management which is a one liter of 
preloading normal saline 15 minutes before spinal injection. 
During the intraoperative period, the intravenous line was 
secured with a lactated Ringer’s solution for all patients in 
both groups. During spinal injection, patients were made in 
sitting position, spinal puncture was performed under aseptic 
precautions with a G25 Fr at the L3/4 or L4/5 interspace, 
and 2 ml of 5% hyperbaric bupivacaine was administered. 
Patients were made in a supine position immediately after 
spinal injection. They were followed for block progression 
and the level of the block was recorded. The ephedrine group 
were started on the trial management which is ephedrine 
prophylaxis; initially 5mg was given 1 minute after the spinal 
injection. Another 5mg was given again 1 minute later. Then, 
the patients received 1mg of ephedrine every 1 minute until 
the 15th minute. The dose of ephedrine was made based on 
a previously conducted study [22]. Patients in both groups 
received 10 IU oxytocin (5 IU intravenously and 5 IU in 500 
ml of the running ringer lactated solution) after the expulsion 

of the fetus from the uterus. 

Outcome measurements: 

The primary endpoint of this study was the measurement 
of the vital signs namely systolic blood pressure and pulse 
rate. They were recorded immediately in the first minute after 
spinal injection and then every three minutes in the prepared 
checklist until the surgery was finished. The secondary 
endpoint was recording the occurrence of complications 
which are hypotension, which is defined as a 20% reduction 
of blood pressure from the baseline, as well as nausea and 
vomiting. Hypotension was treated immediately with 5 mg 
bolus IV ephedrine. Patients were also vigilantly followed 
during the postoperative period for the usual anesthetic 
follow-up or for the occurrence of any additional conditions 
related to the intervention conducted. After completing 
with each patient, the completeness and consistency of each 
checklist was checked throughout the procedure and after the 
data from all the subjects was collected data was analyzed. 
Data Analysis: Data was entered in the SPSS (Version 26) 
software for analysis. Preliminary cleaning and exploratory 
investigations for normality assessments were done before 
conducting the main analysis. Demographic data was 
described using mean (SD) or frequency (percentage) as 
appropriate. Mean (SD) values of the recordings at various 
time periods were computed. The primary endpoint was the 
vital signs including systolic blood pressure and pulse rate 
after the administration of spinal anesthesia. Comparison of 
those vital signs across the two groups were conducted using 
the independent samples t-test, after assessing the equality 
of variance through Levene’s Test. Secondary endpoints, 
incidence of hypotension as well as nausea and vomiting, 
were assessed using chi-square test. The effect of age, height, 
weight and parity were adjusted using ANCOVA. Statistical 
significance was considered significant at p<0.05.

Results 
Of the 65 parturient mothers who were assessed for 

eligibility, 63 of them who fulfilled the inclusion criteria were 
randomly allocated into the two study groups, and 60 patients 
completed they study (Fig. 1).  Two patients didn’t satisfy the 
inclusion/exclusion criteria; 3 patients were excluded due to 
persistent hypotension that did not respond to the rescue doses 
of ephedrine. As indicated in Table 1, demographic variables 
of the patients showed no significant difference between the 
two groups except for parity. The most common (83.3%) 
cause for the cesarean section in both groups was a previous 
history of cesarean delivery. The rest of the demographic and 
clinical characteristics of the patients are depicted in Table 1.

Effect of crystalloid preloading versus ephedrine 
prophylaxis on the vital signs: Blood pressure of every patient 
in both groups was recorded every three minutes and the mean 
value for every record as well as the overall perioperative 
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Variables
Preloading Group Ephedrine Group 

p-value
(n=30) (n=30)

Age, M + SD 32.13 + 4.981 29.83 + 4.145 0.057

Height, M + SD 162 + 6.953 163.87 + 6.447 0.285

Weight, M + SD 69.93 + 6.554) 67.23 + 5.594) 0.091

Reason for C/S, N (%)  0.603

Previous C/S 21(70) 25 (83.3)  

CPD 2 (6.7) 1 (3.3)  

Malpresentation 3 (10) 1 (3.3)  

Others 4 (13.3) 3 (10)  

Previous Hx of C/S, N (%)  0.360ʄ

Yes 21 (70) 25 (83.3)  

No 9 (30) 5 (16.7)  

Parity, N (%)   0.039ʄ

Zero 8 (26.7) 3 (10)  

One 3 (10) 13 (43.3)  

Two 12 (40) 7 (23.3)  

Three 5 (16.7) 4 (13.3)  

> Four 2 (6.7) 3 (10)  

Level of spinal anesthesia block, N (%)  0.401ʄ

T5 0 (0) 3 (10)  

T6 23 (76.7) 20 (66.7)  

T7 6 (20) 6 (20)  

T8 1 (3.3) 1 (3.3)  

Table 1:  Demographic and clinical characteristics of the study participants
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mean systolic blood pressure was computed. As it can be 
observed in table 2, the baseline systolic blood pressure of 
the two study groups was comparable with no significant 
difference at both bivariate and multivariate levels. After the 
administration of spinal anesthesia, monitoring blood pressure 
was continued and significant differences were observed in 
the measures of systolic blood pressure and it was higher in 
the ephedrine group in the 7th (p<0.05), 10th (p<0.05), 13th 
(p<0.05), 16th (p<0.001), 19th (p<0.0001), 22nd (p<0.0001), 
25th (p<0.001) minutes. Analysis at multivariable level 
showed significant difference at 16th (p=0.002), 19th 
(p<0.0001), 22nd (p=0.001) minutes. Meanwhile, the 
overall perioperative mean systolic blood pressure was also 

highly significant (p=0.004) at multivariable level (Table 2). 
Regarding the score of pulse rate, the baseline was similarly 
comparable with non-significant difference (p>0.05) at all 
times (Table 3).

Incidence of spinal anesthesia related complications: 

This incidence of complications was also computed (Table 
4). The occurrence of hypotension was highly significant 
(p<0.0001) in the crystalloid group with 3.3% of the patients 
in the ephedrine group experiencing hypotension requiring 
rescue doses of ephedrine. 

None of the patients experienced any adverse events 
related to the interventions given.

 Bivariate Analysis Multivariable Analysis ϯ

 Preload M (SD) Ephedrine M (SD) MD (95% CI) p-value Effect size Power

Baseline 132.50 (13.23) 130.2 (12.84) 2.30 (-4.44, 9.04) 0.441 0.011 0.119

1 min 117.13 (21.88) 111.47 (17.46) 5.57 (-4.57, 15.90) 0.275 0.022 0.191

4 mins 104.27 (21.39) 110.57 (20.02)  -6.30 (-17.01, 4.41) 0.088 0.053 0.4

7 mins 105.4 (17.90) 115.77 (15.68)  -10.37 (-19.06, -1.67)* 0.052 0.068 0.496

10 mins 108.07 (19.24) 119.00 (14.09) 10.93 (-19.65, -2.27)* 0.057 0.065 0.497

13 mins 107.63 (18.20) 116.93 (15.08)  -9.30 (-17.94, -0.66)* 0.137 0.04 0.317

16 mins 103.17 (16.58) 117.33 (15.38)  -14.17 (-22.43, -5.90)** 0.002 0.166 0.897

19 mins 100.60 (13.96) 117.7 (12.37)  -17.10 (-24.79, -9.41)*** <0.0001 0.255 0.96

22 mins 102.28 (12.04) 120.73 (13.65)  -18.47 (-27.58, -934)*** 0.001 0.318 0.928

25 mins 100.25 (13.80) 117.3 (15.38)  -17.05 (-28.89, -5.21)** 0.017 0.39 0.72

28 mins 105.00 (12.19) 117.6 (11.76)  -12.60 (-30.07, 4.87) 0.219 0.346 0.204

Overall 106.43 (13.96) 117.20 (10.19)  -10.77 (-17.08, -4.45)** 0.004 0.14 0.83
ϯMultivariable analysis was conducted after controlling the effect of age, parity, height and weight.
*p<0.05 **p<0.001  ***p<0.0001

Table 2: Comparison of systolic blood pressure between the two study groups at bivariate and multivariate levels

Pulse rate Preload group M (SD) Ephedrine group  M(SD) MD (95% CI)

Baseline 96.63 (13.61) 98.97 (13.96)  -2.333 (-9.460, 4.793)

1st min 92.77 (20.28) 99.5 (18.75)  -6.733 (-16.826, 3.360)

4th mins 93.2 (22.66) 98.23 (22.51)  -5.033 (-16.704, 6.637)

7th mins 93.23 (15.42) 93.8 (20.23)  -0.567 (-9.862, 8.729)

10th mins 93.1 (13.11) 90.1 (19.91) 3 (-5.740, 11.740)

13th mins 94.63 (15.00) 95.17 (17.69)  -0.533 (-9.007,  7.941)

16th mins 93.33 (15.27) 99.57 (16.07)  -6.233 (-14.335, 1.868)

19th mins 90.4 (14.00) 94.74 (14.32)  -4.339 (-12.570, 3.892)

22nd mins 91.21 (15.69) 91.07 (12.67)  0.144 (-10.024, 10.312)

25th mins 89.38 (17.05) 91.7 (14.89)  -2.325 (-18.284, 13.634)

28th mins 92 (19.76) 87.2 (13.07) 4.8 (-19.631, 29.231)

Overall 91.47 (11.30) 95.30 (13.50)  -3.83 (-10.27, 2.60)

Table 3: Comparison of pulse rate between the two study groups using independent samples t-test
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Discussion
The study was conducted with the goal of comparing the 

efficacy of ephedrine infusion versus crystalloid preloading in 
reducing the incidence of hypotension in patients undergoing 
spinal anesthesia for cesarean section. Spinal Anesthesia is a 
popular and commonly practiced mode of regional anesthesia 
for such a procedure, providing rapid onset and a dense 
neuraxial block [5, 22, 33, 43]. However, spinal anesthesia 
is often associated with significant maternal hypotension, a 
commonly occurring physiologic derangement occurring due 
to sympathetic blockade followed by peripheral vasodilation 
with potentially significant consequences on maternal 
comfort, organ perfusion, and fetal well-being [4, 5, 8, 43-
47]. Development of hypotension is also associated with 
various unpleasant maternal manifestations such as nausea, 
vomiting, and dizziness, which often interfere with surgery 
[38, 48, 49]. 

Prevention of post-spinal hypotension in cesarean 
delivery has been frequently investigated for many years. 
There has been a considerable dispute over the use of 
different techniques for the prevention of post-spinal maternal 
hypotension. Despite the different available preventive 
and management techniques, it still remains with a higher 
incidence and challenging anesthetists [33, 45]. Hypotension 
becomes exaggerated by the deficiency of intravascular 
volume added to the sympathetic block by spinal anesthesia 
[22]. Techniques currently in use for the prevention of 
hypotension include crystalloid preloading and administration 
of vasopressors [6]. The traditional approach and the most 
commonly recommended method for the prevention of 
hypotension is optimizing venous return with crystalloid 
preloading with the aim of filling the dilated vessels, 
expanding the intravascular compartment and preventing the 
occurrence of hypotension due to such sympathetic blockade 
[14, 22, 50-52]. The mother is usually given one up to two 
liters of fluid, 15-20 minutes before the spinal block [3, 51]. 
However, strategies in which even higher crystalloid volumes 
are directed to increase venous return are not very effective 
in the treatment of arterial hypotension [4, 14, 32, 34, 53]. 
It has been mentioned that crystalloid solutions are poor 
plasma volume expanders and their administration before 
spinal block cannot eliminate or reduce the incidence of 

spinal induced hypotension [46, 54-56]. The limitation in the 
efficacy of crystalloid in the prevention of hypotension could 
be attributed to its rapid distribution to the extravascular 
space [57]. Hiroshi Uyeadma found in their study found that 
only 28% of the infused fluid remained in the intravascular 
space over 30 minutes, indicating that crystalloid fluids have 
a short intravascular half-life as they get rapidly distributed 
into the interstitial space suggesting the necessity of a greater 
increase in blood volume [29]. The use of vasopressors for 
the prevention of hypotension during cesarean delivery is 
well established and ephedrine is the traditionally and most 
widely used vasopressor in current practice [6, 22, 48, 58]. 
Several studies conducted in different sites, all came to the 
finding that the use of prophylactic ephedrine in either bolus 
or infusion form is a more efficient form than fluid preloading 
without causing significant tachycardia or hypertension [1, 2, 
22, 23, 31, 43, 56]. Due to diminished action on adrenergic 
receptors, administration of ephedrine preserves sufficient 
utero-placental blood flow while maintaining maternal blood 
pressure. Moreover, Ashraful Anam reported that, although 
it was not statistically significant (p > 0.05), a higher heart 
rate was recorded in the ephedrine group and this could 
be explained both by the effect of rescue ephedrine and by 
baroreceptor-mediated reflex increase in heart rate in patients 
who became hypotensive [1]. Similar to these results, in 
this current study, the use of ephedrine as a prophylaxis 
maintained blood pressure better compared to crystalloid 
preloading thus is associated with better control of maternal 
hypotension. Though not significant, the fact that pulse rate 
was clinically higher in the ephedrine group despite higher 
measures of blood pressure could be explained by the effect 
of ephedrine in the baroreceptor-mediated reflex increase in 
heart rate. Furthermore, a bolus dose of 5 mg intravenous 
ephedrine has been mentioned to decrease the occurrence 
of the severity of hypotension in preloaded pregnant mother 
undergoing subarachnoid block for caesarian section [2, 22]. 
The same procedure was followed in this current study as 
well. Not all researches were in congruent with these findings 
and a contrasting finding was reported by a similar research 
conducted in Pakistan. The research concluded that prevention 
of hypotension to avoid its deleterious effects on both the 
mother and fetus can be attempted using simpler and more 
safer methods like preloading using lactated Ringer’s solution 

Complications  Preloading n (%) Ephedrine n (%) chi square value p-value
Hypotension    18.26 <0.0001

 Yes 14 (46.7) 0   

 No 16 (53.3) 30 (100)   

Nausea & Vomiting   15.02 <0.0001

 Yes 16 (46.7) 1 (3.3)   

 No 16 (53.3) 29 (96.7)   

Table 4:  Incidence of complications among the study groups
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than the use of vasopressors reporting that they carry an 
inherent risk of anaphylaxis and other life threatening adverse 
effects [59]. For the mother, arterial hypotension causes very 
unpleasant signs and symptoms, the most common being 
nausea, vomiting, and dizziness, which are manifestations 
of cerebral hypo-perfusion. Prolonged episodes of severe 
hypotension can have serious consequences such as organ 
ischemia, loss of consciousness, cardiovascular collapse, 
and utero-placental hypo-perfusion [22, 31, 60]. Moreover, 
hypo-perfusion of the gut leads to the release of emetogenic 
substances like serotonin. In all above-mentioned studies, it is 
reported that the incidence of complications including nausea 
and vomiting were low in the group who took ephedrine 
prophylaxis, which was consistent with the findings of this 
current study. As the intervention is implemented at the only 
national referral hospital of the country where parturient 
mothers from all over the country with a wide variety of 
demographic and clinical characteristics do their visit, the 
management can be reliably and effectively delivered in 
different settings.  

Conclusion
The study concluded that ephedrine as a prophylaxis is more 

effective than that of fluid preloading in preventing spinal-
induced hypotension and maintaining a better hemodynamic 
status of parturient mothers undergoing caesarean section.  
The search for the effective dose of ephedrine for prophylactic 
administration is clinically important and we suggest future 
studies to be undertaken to identify it.
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