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ABBREVIATIONS
ASA: American Society of Anesthesia; BMI: Biomass Index; BP: 
Blood Pressure; CS: Caesarean Section; DBP: Diastolic Blood 
Pressure; DTCSH: Debre Tabor Comprehensive Specialized Hos-
pital; MAP: Mean Arterial Blood Pressure; SA: Spinal Anesthe-
sia; SAB: Subarachnoid Block; SBP: Systolic Blood Pressure; SIH: 
Spinal Induced Hypotension

INTRODUCTION
Spinal anesthesia (SA) is accomplished by introducing small 
amounts of local anesthetic into the cerebrospinal fluid in the sub-
arachnoid space (Casey WF and Ankcorn C, 2000). It is common-
ly used for surgical procedures performed in the lower abdomen, 
pelvis, perineal and lower extremities; to generalize, is beneficial 
for procedures below the umbilicus (Olawin AM and Das JM, 
2019). SA has many advantages; it is less expensive, has fewer side 
effects on the respiratory system if a high block is avoided, the air-
way remains intact, reducing the risk of aspiration, and provides 
excellent muscle relaxation for lower abdominal and lower limb 
surgery (Casey WF and Ankcorn C, 2000).
Spinal anesthesia (SA) is the most commonly used technique for 
elective cesarean sections around the world. However, hypoten-
sion is still the most common complication with this technique 
(Naskar C, et al., 2013). SIH is the most common cardiovascular 
response to spinal anesthesia, resulting in a decrease in cardiac 
output and blood flow to the placenta as a result of the sympathet-
ic blockade caused by neuraxial anesthesia (Farid Z, et al., 2016). 
Maternal hypotension lasting more than 2 min may be associated 

with lower Apgar scores. It is caused by an increase in venous cap-
acitance and a reduction in systemic vascular resistance. On the 
other hand, uterine blood flow is dependent on perfusion pres-
sure, so the reduced blood flow due to hypotension leads to com-
promise in fetal oxygenation (Varshney RK and Kapoor K, 2016).
The clinicians have used various methods and techniques such 
as leg wrapping, elastic stockings, optimizing patient’s position, 
intravenous fluids, and vasopressors from time to time to offset 
these hypotensive effects of spinal anesthesia with varying degrees 
of success. One of the foremost methods includes prophylactic 
administration of intravenous fluids before implementation of the 
subarachnoid block to offset the effects of hypotension (Bajwa SJS, 
et al., 2013).
Hypotension during spinal anesthesia for cesarean delivery is a 
common and problematic complication, both from the maternal 
and fetal- neonatal point of view (Lotfy ME, et al., 2014). The sym-
pathectomy, caused by spinal anesthesia, causes Systemic Vascular 
Resistance (SVR) to drop and the venous capacitance to increase; 
and secondary relative hypovolemia causes hypotension in turn 
(Kilinç N, et al., 2020). Its occurrence seen in patients undergoing 

(Bhardwaj N, et al., 2020; Ni HF, et al., 2017). It can lead to nausea, 
vomiting, aspiration, dizziness, syncope, and arrhythmias in the 
mother. Maternal hypotension further compromises uteroplacen-
tal blood flow which can cause fetal hypoxia and acidosis (Bhard-
waj N, et al., 2020).
Techniques used to prevent maternal hypotension include intra-
vascular volume expansion using IV. Fluid preload immediately 
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before spinal injection, use of left lateral tilt or manual uterine displace-
ment, or both and administration of IV. Fluids and vasopressor drugs are 
both prophylactically and in response to the cardiovascular changes after 
neural block (Jackson R, et al., 1995).
Replacement of intravascular volume and vasopressors are considered the 
gold standard for the prevention and treatment of SIH (Kaufner L, et al., 
2019). However, the timing of fluid administration remained controver-
sial (Jackson R, et al., 1995; Jain P and Valecha D, 2017). There were no 
studies conducted on the effect of preloading and co-loading of fluid ad-
ministration to prevent SIH in DTCSH. This study was aimed to compare 
the effectiveness of pre-loading and co-loading of fluid administration to 
prevent SIH (Teoh WH and Sia RT, 2009; Oh AY, et al., 2014).
Spinal anesthesia is a common and well-accepted technique applied in 
obstetric surgical intervention and its greatest complication is hypoten-
sion. Unless this complication is promptly managed, jeopardizes both the 
mother and the fetus. Some studies showed that the incidence of spinal 
hypotension can be reduced by fluid but there are arguments in the timing 
of fluid administration.
As far as we know, no similar research has been done, and no published 
evidence exists on the effect of preloading and co-loading fluid administra-
tion (Banerjee A, et al., 2010) on SIH prevention in our country Ethiopia. 
So that, it can be used as a source of information for future researchers, and 
it can also be used by program planners and policymakers to devise differ-
ent strategies that help to improve and prevent spinal anesthesia-induced 
hypotension in the caesarian section (c/s). 

MATERIALS AND METHODS
Study design, setting, and population
The prospective cohort study was conducted from February 15 to April 
15/2021 in DTCSH, located at the zonal city of Debre Tabor in south 
Gondar, Ethiopia. Approval of institutional ethical committee and in-
formed written consent of patients was obtained. This study was reported 
in line with STROCSS criteria and registered on www.researchregistry 
with research registry 7326 which is available at https://www.research-
registry.com/register-now#home/. Total ninety sixty ASA II pregnant 
mothers were included in the study. Preload group received 20 ml/kg of 
NS 20 minute before and co load group were given the same volume of 
solution for after CSF tapping (Jacob JJ, et al., 2012; Parmar SB, et al., 2012). 
Hypotension was defined as a decrease in systolic blood pressure of more 
than 20% from the baseline or a decrease of systolic blood pressure to less 
than 90 mm Hg as an absolute value.

Inclusion criteria
All volunteer pregnant mothers who come for cesarean section and that 
have undergone spinal anesthesia (Kumari S and George JK, 2017).

Exclusion criteria
Pregnancy-induced hypertension, those who have received a combination 
of a spinal block with another type of anesthesia, patients with hypotension 
due to antepartum hemorrhage or sepsis coming for caesarian section. 
Any Patient noted to have unexplained hypotension (systolic BP below 90 
mm Hg) or hypertension (systolic BP above 140 mm Hg) before the block 
and repeated spinal anesthesia.

Sampling technique
Sample size determination: The sample size was calculated using Pocock’s 
formula for sample size estimation for two proportion studies-
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Where: n=desired sample size 
Z α=standard normal deviation at 5% significance level (1.96) for a two-
sided test
Z β=power of the test (0.84) 
 P1=Proportion of interest of the preload group with hypotension 
 P2=Proportion of interest of the co-load group with hypotension
A study in Nigeria showed the incidence of hypotension for preload 48.3% 
and co-load 20.7% (22).
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To make up for protocol violation/attrition 10% was added to the calculat-
ed sample size i.e., 43+5=48 for each group. 

Sampling technique 
All consecutive mothers undergoing cesarean section were included until 
the determined sample is completed in the study period (Dyer RA, et al., 
2004; Idehen HF, et al., 2014). 

Data processing analysis
The data were coded, entered, and analyzed by using SPSS Version 25 soft-
ware and presented in form of tables, graphs, charts, and texts. Continu-
ous variables are expressed as mean ± SD or median ± IQR based on the 
normality assumption. Analysis was done by independent sample t-test, χ2 
or Fisher’s exact test as appropriate and P-value <0.05 considered as statis-
tically significant (Olajumoke TO, et al., 2017).

Data quality control and assurance
Data collectors were trained by principal investigators. Pretest done for 1 
week in 5% of the sample size at Felege Hiwot referral hospital and during 
data collection, regular supervision and follow up was made appropriately 
(Singhal A, et al., 2019). The principal investigator cross-checked for com-
pleteness and consistency of data every day.

Operational definition and definition of terms
Spinal-Induced Hypotension (SIH): Reduction in Systolic Blood Pres-
sure (SBP) of 20% or more from baseline values after induction of spinal 
anesthesia (Ohpasanon P, et al., 2008).
Baseline BP: The BP recorded before administration of spinal anesthesia
Co-loading: Giving fluid while at the same time performing spinal anes-
thesia (Williamson W, et al., 2009).
Preloading: Administration of fluid 20 minutes before anesthesia initiated 
(Williamson W, et al., 2009).

RESULTS
Demographic and clinical data of study participants 
A total of 96 ASA II mothers with C/S under spinal anesthesia were includ-
ed in this study. Among these 48 were preloaded and 48 were co-loaded. 
Age, V/S, BMI, total blood loss during the surgery, and APGAR score were 
comparable between the two groups (Table 1).
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Figure 1: Article selection flow chart 

Table 1: Demographic and clinical data of women who underwent cesarean delivery under spinal anaesthesia in Debre Tabor Comprehensive 
Specialized Hospital, North-central Ethiopia, 2021

Variables Preload group (n=48) Co-load group (n=48) P-value

Age (mean ± std deviation) 32.65 ± 5.27 32.06 ± 5.14 0.48

BMI (kg/m2) (Median (range)) 24.5 (21-30) 26.93 (27-35) 0.43

Gravida of the mother (mean ± std deviation) 4.08 ± 0.94 4.08 ± 1.12 0.86

Sensory level of SA (median(range)) T10 (T10-T8) T10 (T10-T8) 0.1

APGAR score at 1 min (mean ± std deviation) 8.25 ± 0.75 8.27 ± 0.76 0.06

APGAR score at 5 min (mean ± std deviation) 8.47 ± 0.71 8.87 ± 0.63 0.63

Amount of fluid (ml) (median(range)) 1500 (1320-1700) 1500 (1200-1700) 0.42

Blood loss (mean ± std deviation) 614.37 ± 74.83 611.25 ± 70.37 0.96

Experience of anesthetist in year (median(range)) 6 (4-7) 6 (5-1) 0.45

Experience of obstetrician in year (median(range)) 8 (5-10) 8 (5-8) 0.38

Duration of surgery in minute (median(range)) 40 (35-50) 45 (30-50) 0.034

Note: where n=desired sample size

The blood pressure of women who underwent spinal anesthesia
The systolic blood pressure, diastolic blood pressure, and mean arterial 
blood pressure were comparable. The minimum median SBP value record-
ed in group preload was 70 which were recorded at 20th minutes of SAB 
which was statistically significant.

The pulse rate of women who underwent spinal anesthesia
The baseline and first sixty-minute pulse rates in the two groups were 
comparable and the difference was not statistically significant.

The incidence of hypotension in women who underwent cesarean 
delivery 
The overall incidence of systolic hypotension after spinal anaesthesia was 
77.1% in the preload group and 35.4% in the co-load group, which is statis-
tically significant (p<0.05). There was a statistically significant difference in 
the incidence of hypotension at 10 and 20 minutes after spinal anaesthesia 
in between groups (P<0.05) (Figure 1).
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DISCUSSION
Hypotension is a common side effect of spinal anesthesia, occurring in 
16%-33% of cases. It is thought to be caused by a decrease in either Sys-
temic Vascular Resistance (SVR) or Cardiac Output (CO), or both. This 
response is exacerbated in pregnant mothers by aortocaval compression of 
the gravid uterus when they lie supine (Farid Z, et al., 2016).
Various methods and techniques have been used, such as leg wrapping, 
elastic stockings, optimizing patient’s position, intravenous fluids, and 
vasopressors to offset these hypotensive effects of spinal anesthesia with 
varying degrees of success (Bajwa SJS, et al., 2013).
One of the foremost methods includes prophylactic administration of 
intravenous fluids before implementation of the subarachnoid block to 
offset the effects of hypotension (Bajwa SJS, et al., 2013). Fluid preloading 
for cesarean section under regional anesthesia has been established as rou-
tine and well-thought-out to be a safe and effective method of reducing the 
incidence of hypotension previously (Varshney RK and Kapoor K, 2016). 
Despite numerous studies on the effectiveness of preload versus co-load on 
the effect of spinal-induced hypotension, neither technique is accepted as 
the most effective or safe, leaving the field open for further investigation.
In this study, there was a statistically significant difference in the incidence 
of hypotension in preload (77.1%) versus co-load (35.4%) groups. In line 
with this finding a study by Oh, et al. (Oh AY, et al., 2014) showed that there 
was a statistically significant difference in the incidence of hypotension be-
tween preload (83%) and co-load (53%) groups. Both studies showed that 
the blood pressure significantly dropped in preload group (Table 2). 
Table 2: The blood pressure of women who underwent cesarean deliv-
ery under spinal anaesthesia in Debre Tabor Comprehensive Special-

ized Hospital, North-central Ethiopia, 2021

Variables Preload 
group 
(n=48)

Co-load 
group 
(n=48)

P-value

Baseline SBP (mean ± std 
deviation)

116.93 ± 
9.58 

121.39 ± 
9.91

0.48

Baseline DBP (Median 
(range))

75.5 (70-85) 79 (68-90) 0.09

Baseline MAP (Median 
(range)) 

81(63-99) 90(68-102) 0.12

10-minute SBP (Median 
(range))

82(60-114) 100(55-28) 0.29

10-minute DBP (Median 
(range)) 

58.41(9.30) 62.72(8.71) 0.07

10-minute MAP (mean ± std 
deviation)

71.52 ± 7.48 78.64 ± 8.76 0.5

20-minute SBP (Median 
(range)) 

70(58-115) 100(50-123) <0.0001*

20-minute DBP (Median 
(range)) 

54(42-75) 60(45-78) 0.1

20-minute MAP (Median 
(range)) 

66(60-90) 74(57-92) 0.09

30-minute SBP (Median 
(range)) 

84(60-117) 100(50-120) 0.02*

30-minute DBP (Median 
(range)) 

60(45-75) 60(53-88) 0.07

30-minute MAP (Median 
(range)) 

66(60-80) 74(66-92) <0.0001*

40-minute SBP (Median 
(range)) 

95(60-113) 103(60-125) 0.01*

40-minute DBP (mean ± std 
deviation)

63.43 ± 5.49 68.50 ± 7.40 0.6

40-minute MAP (Median 
(range)) 

69(65-84) 76(65-91) <0.0001*

50-minute SBP (Median 
(range)) 

96(60-118) 105(64-122) <0.0001*

50-minute DBP (Median 
(range)) 

67(56-84) 70(64-88) 0.01*

50-minute MAP (Median 
(range)) 

72(66-87) 78(67-92) <0.0001*

60-minute SBP (Median 
(range)) 

99(60-117) 106(65-125) 0.6

60-minute DBP (Median 
(range)) 

68(60-96) 73(60-96) 0.001*

60-minute MAP (Median 
(range)) 

75(69-89) 79(68-95) 0.14

Note: where *=significantiy different from all other times (p<0.01) 
and n=desired sample size 

The findings of this study, (77.1%) of preload group and (35.4%) of the co-
load group is more compared with the study done by Ni HF, et al. (Ni HF, et 
al., 2017). which revealed that there was a statistically significant difference 
in the incidence of hypotension (57.8%) in the preload group and (47.1%) 
in the co-load group. 
The result of this study was in line with the study done by Kulkarni, et al. 
(Kulkarni AG, et al., 2016) showed that there was a statistically significant 
difference in the incidence of hypotension after spinal anesthesia (72%) 
for preload groups and (23%) for co-load groups. The study by Khan M, et 
al. (Khan M, et al., 2013) also showed that (70%) of preload mothers and 
(44%) of co-load mothers developed hypotension after spinal anesthesia 
which has a statistically significant difference. The finding of this study is 
also close to the study of David Bruck, et al. and they got 72% from preload 
and 39 from co-load groups develop hypotension (Zhao PS, et al., 2014) 
(Table 3).
Table 3: The pulse rate of women who underwent cesarean delivery 
under spinal anaesthesia in Debre Tabor Comprehensive Specialized 

Hospital, North-central Ethiopia, 2021
Pulse rate Preload group 

(n=48)
Co-load group 

(n=48)
p-value

Baseline (Median 
(range)) 

80(70-105) 82(72-120) 0.12

10 minute (Median 
(range)) 

84(70-98) 84(74-100) 0.47

20 minute (Median 
(range)) 

82(73-96) 84(75-110) 0.56

30 minute (Median 
(range)) 

84(70-114) 80(66-98) 0.49

40 minute (Median 
(range)) 

82(72-104) 84(65-100) 0.53

50 minute (Median 
(range)) 

84(72-108) 85(64-102) 0.1

60 minute (Median 
(range)) 

84(72-79) 85(62-78) 0.19

Note: where n=desired sample size
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In contrary to this finding, a study by Banerjee, et al. (Banerjee A, et al., 
2010) showed that there was no statistically significant difference in the 
incidence of hypotension between co-loading and preloading groups. This 
may be due to different study areas.
A study by Farid Z, et al. (Farid Z, et al., 2016) showed that there was no 
statistically significant difference in the incidence of hypotension after 
spinal anesthesia in preload and co-load groups which were different from 
the result of this study. They concluded that neither of the two techniques 
effectively prevents spinal-induced hypotension. The difference was, they 
used an extensively vasopressor when systolic BP dropped to 90 mm Hg.

CONCLUSION
This study indicated that the occurrence of hypotension was (77.1%) in 
preload group and (35.4%) in the co-load group. Therefore, crystalloid 
co-loading was better than preloading in the prevention of spinal anesthe-
sia-induced hypotension in cesarean section mothers. Suspending surgery 
to supply preload of fluid may not be necessary. Secure large gage double 
IV line and co-load the mother while administering spinal anesthesia. 
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