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Background: Cesarean section (CS) is a surgical procedure where the baby is delivered through incisions made in the abdomen and 
uterus. Bupivacaine is a widely recognized local anesthetic available in different baricity and it is frequently used for spinal anesthesia. 
The baricity of bupivacaine impacts hemodynamic profiles and block characteristics.
Objective: To compare the effects of hyperbaric and isobaric bupivacaine on hemodynamic profiles and block characteristics among 
parturients undergoing elective cesarean section under spinal anesthesia at Dilla University Referral Hospital.
Methods: 64 pregnant mothers scheduled for elective cesarean section under spinal anesthesia were randomly assigned to two groups: 
Group A received a dose of 12.5 mg of isobaric bupivacaine (n = 32), Group B received a dose of 12.5 mg of hyperbaric bupivacaine 
(n = 32). Prior to conducting the study, the necessary ethical approvals were obtained. For comparing numerical variables between the 
two groups, the independent Sample t-test or Mann–Whitney U-test was employed as needed. Repeated measurements were analyzed 
using mixed ANOVA. Categorical variables were assessed using either the chi-square test or Fisher’s exact test. Statistical significance 
was set at P < 0.05, with a power of 90%.
Results: The mean Systolic Blood Pressure (SBP), Diastolic Blood pressure (DBP), and Mean Arterial Blood Pressure (MAP) showed 
significant decrement in the group receiving isobaric spinal anesthesia compared to those receiving hyperbaric bupivacaine. The 
decrement was observed from the 6th to 30th minute (p<0.05). Furthermore, the hyperbaric group had a faster onset time for achieving 
the maximum sensory block, with a median time of 3 (1) min compared to 4 (2) mins in the isobaric group (p<0.001).
Conclusion and Recommendation: We conclude that hyperbaric bupivacaine provides stable intraoperative hemodynamic 
parameters and an earlier onset of block than isobaric bupivacaine. Therefore, we recommend clinicians to use hyperbaric bupivacaine 
for cesarean delivery.
Keywords: block characteristics, hemodynamics, isobaric bupivacaine, hyperbaric bupivacaine, cesarean section, spinal anesthesia

Introduction
Cesarean section is a surgical procedure where the baby is delivered through incisions made in the abdomen and uterus, is the most 
common obstetric surgery performed worldwide.1 Despite the World Health Organization’s recommended rate, the global rate of 
cesarean sections is increasing.2 The most recent available data from the global health report on cesarean section rates (2010– 
2018) from 154 countries reported the global cesarean section rate as 21.1%. The study also revealed that the rate of rate of CS in 
Africa in general and Sub- Saharan Africa) was 9.2% (95% CI: 5.2 to 13.2) and 5.0 (95% CI: 3.5 −6.6), respectively.3
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The demographic health survey in 2014 found that the cesarean section rate in Addis Ababa was 22%, which was 
higher than the WHO recommendation of 10–15%.4 A systematic review and meta-analysis study done in 2020 in 
Ethiopia showed that cephalopelvic disproportion was the most common indication for cesarean section, followed by 
non-reassuring fetal heart rate pattern and obstructed labor.5

Spinal anesthesia is a form of neuraxial regional anesthesia achieved by injecting small doses of local anesthetics into 
the subarachnoid space.6 Post-spinal hypotension among parturients undergoing elective cesarean section under spinal 
anesthesia was estimated to be 80–90%, which is higher than that of the general population (25–75%) worldwide.7 

A study in New York among 919 singleton term pregnancies undergoing elective CS under spinal anesthesia showed 
decrements in maternal blood pressure by 30–50% from baseline.8 In Ethiopia, at Gandi Memorial Hospital, the 
magnitude of post-spinal hypotension among parturients who underwent cesarean section was reported as 64%.9

Due to hormonal changes, compression of the inferior vena cava by a larger uterus, increased susceptibility to the 
effects of sympathectomy due to decreased sensitivity to endogenous vasoconstrictors, and other factors, this condition is 
particularly severe in pregnant women. This physiological alteration raises the pressure of cerebrospinal fluid (CSF) in 
the lumbosacral region, which causes local anesthetic drugs to spread cephalad.10

Technical factors such as block level above T5, baricity of the local anesthetics (the ratio of the density of local 
anesthetics (LAs) and cerebrospinal fluid (CSF)and high-dose regional anesthesia were linked to an increased risk of 
hypotension following spinal anaesthesia in addition to physiological alterations during pregnancy.11

Bupivacaine is a well-known amide type local anesthetic in isobaric and hyperbaric forms, commonly used during 
spinal anesthesia for caesarean section. Dextrose-free bupivacaine is isobaric whereas dextrose-containing bupivacaine is 
hyperbaric. The differences in the baricity of bupivacaine are believed to affect hemodynamic parameters and block 
characteristics. In addition, such baricity differences affect the extent, onset, and duration of sensory and motor 
blockade.12,13 Delayed motor and sensory block onset increases the time that a pregnant mother is in the supine position 
without delivering the baby which in turn increases aortocaval compression and the risk of hypotension. Severe 
hypotension during CD is associated with decreased uteroplacental blood flow, which may cause fetal hypoxia and 
acidosis, respiratory depression, nausea and vomiting, and cardiac arrest.14

Various strategies have been implemented to reduce post-spinal induced hypotension in women undergoing cesarean 
section. These methods include administering a small dose of bupivacaine, decreasing the amount of local anesthetic and 
combining it with additives like neuraxial opioids, preloading intravenous fluids, co-loading, adopting a left lateral tilt 
position, elevating the legs, and using vasopressors as a preventive measure. Despite these efforts, the occurrence of post- 
spinal hypotension remains significant.14–16

Different randomized controlled studies have been carried out to compare the effects of hyperbaric bupivacaine and 
isobaric bupivacaine on hemodynamics, as well as the extent and timing of sensory and motor block, in women 
undergoing elective cesarean section. Some of the studies indicate that hyperbaric bupivacaine leads to reduced post- 
spinal hypotension and a quicker achievement of maximum sensory and motor block compared to isobaric 
bupivacaine.16–18 Other studies found minimal post-spinal hypotension and a faster onset of block in the isobaric 
bupivacaine group than in the hyperbaric bupivacaine group.18,19 This controversy calls for a well-designed study to 
compare the two groups in terms of their effects on hemodynamic profiles and block characteristics.

This study aids in the selection of bupivacaine with minimal hemodynamic instability during cesarean sections. It also 
helps to select drugs with a faster onset of maximum sensory and motor blocks, which can shorten the duration of spinal 
anesthesia induction to skin incision time. Therefore, the aim of this study was to compare the effects of isobaric and 
hyperbaric bupivacaine on hemodynamic profiles and block characteristics (specifically onset of maximum sensory 
block, onset of maximum motor block and level of sensory block) among parturients undergoing cesarean section.

Materials and Methods
Study Design, Area and Period
A double-blinded randomized controlled trial was conducted from February 10, 2022, to June 10, 2022 at Dilla University 
teaching Hospital.
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Eligibility Criteria
The study included pregnant women with a singleton pregnancy, classified as American Society of Anesthesiologists 
(ASA) class II, aged 18–45, and with a body mass index (BMI) of 30 kg/m2 or lower and scheduled for elective cesarean 
delivery. Pregnant women with systemic diseases such as renal impairment, chronic liver disease, known diabetes, pre- 
existing neurological disease, hypothyroidism, hyperthyroidism, placental abruption, placenta previa, hypertensive 
disorders of pregnancy (pre-eclampsia, eclampsia), as well as those with twin pregnancies, were excluded from the study.

Ethical Approval
This study was conducted in accordance with declaration of Helsinki. To conduct the study, ethical clearance was 
obtained from the institutional review board of college of health sciences and medicine (Protocol Unique No: 047/22-02). 
Written informed consent for participation was obtained from all patients. The study was registered in a pan-African 
clinical trial with the unique identification number PACTR- 202205836867776. Furthermore, the study was reported 
following CONSORT guidelines for clinical trials (Figure 1).

Sample Size and Sampling Procedure
The sample size was calculated based on previous studies conducted in Iran, which showed a significant reduction in 
mean systolic blood pressure with sustained duration for the isobaric vs hyperbaric groups.20 We use N1= 42, µ1=7.8, 
SD1= 1.6 for isobaric bupivacaine group and N2= 42, µ2= 12.5, SD2=7.4 for the hyperbaric group. (Where N1=total 
population, µ1=mean, SD2= standard deviation in the isobaric group and N2=total population, µ2= mean, SD2=standard 
deviation in the hyperbaric group. Using a power of 90% and alpha 0.05, the sample size was calculated using a prior 
power analysis with G Power 3.1.9.7 software to be 58. An additional 10% was added to the enrollment to offset 
potential dropouts, assuming a balanced design. The total sample size was 64, with 32 participants in each group.

One hundred thirty (130) pregnant mothers underwent elective caesarean sections under spinal anesthesia, according 
to a situational analysis with exclusion criteria performed at the Dilla University Referral Hospital within the previous 
four months. Based on our inclusion criteria, there was a 50% chance that every patient during the data collecting period 
would be a study subject. We used a systematic random sampling method based on the order of the elective surgery 
schedules to select each patient one after the other to create a sample size of 64 patients. From among the anticipated 130 
or more parturients during our data collecting period, the first case was picked at random until the necessary sample size 
was reached.

Operational Definition
Onset of maximum sensory block: the total time from the completion of the study drug injection until the patient did not 
feel the pinprick.

Onset of maximum motor blockage: the time taken from injection of the study drug (0 minutes) until the patient 
attained bromage scale> II.

The Modified Bromage scale is a criterion used for examining skeletal muscle strength, which is rated as zero = no 
paralysis, one = only able to move the knee, two = only able to move feet, and three = inability to move the leg or knee.21

The level of sensory block is assessed bilaterally in the anterior axillary line or mid-clavicular line for loss of sharp 
sensation to pinprick or cold.

Post-spinal hypotension: a drop in systolic blood pressure of more than 20–30% from baseline after local anesthesia 
administration into the subarachnoid space.22

Randomization and Blinding
Prior to allocation, a clear explanation of the procedure and assessments of motor and sensory blocks were provided to 
the parturients. They were randomized to either the isobaric or hyperbaric bupivacaine groups. Simple randomization was 
conducted by drawing one of the levels from a sealed envelope containing A or B, where A represents the isobaric group 
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and B represents the hyperbaric group. For blinding purposes, study participants and data collectors were blinded to what 
was given. Allocation concealment was verified by sequential labeling and sealing of the envelope.

Data Collection and Anesthesia Protocol
The data for the study was collected from patient medical charts, vital sign charts, and monitors. Information about the 
study’s objectives, benefits, and potential harm was prepared in English and then translated into Amharic. The informa-
tion was explained to the study participants. The data collection process involved four trained data collectors and one 
supervisor. The primary outcome variable of the study was the effect of isobaric and hyperbaric bupivacaine on the 
hemodynamic profiles of the parturients. Secondary outcome variables included comparisons of the sensory block level 
and the onset of maximum sensory and motor block between the two groups. Informed consent was obtained from the 
participants the night before their surgery. The parturients followed specific fasting guidelines, refraining from solid food 

Figure 1 Consort flow diagram of patients enrollment. 
Notes: https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000251Citation: Schulz KF, Altman DG, Moher D, for the CONSORT Group (2010) 
CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised Trials. PLoS Med 7(3):e1000251. https://doi.org/10.1371/journal.pmed.1000251.
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for eight hours and clear fluids for two hours before surgery. On the morning of surgery, the parturients received 
premedication through intravenous administration of cimetidine (200 mg), metoclopramide (10 mg), and dexamethasone 
(4 mg), 30 minutes prior to undergoing spinal anesthesia. Standard monitoring procedures, including non-invasive blood 
pressure (NIBP), electrocardiogram (ECG), and pulse oximetry, were applied in the operating room. Patients received 
a preload of isotonic fluid at a rate of 10–15 mL/kg before the administration of spinal anesthesia. The bupivacaine 
solution used was freshly prepared in a labeled 5cc syringe with a sterile protocol. The drugs were prepared by an 
anesthetist who was not involved in the study. Baseline blood pressure and heart rate measurements were taken 
immediately before the administration of spinal anesthesia.

The anesthetist instructed the parturient to sit after setting up the equipment. At the proposed spinal injection site, skin 
infiltration with 2% lidocaine solution (2 mL) was carried out after aseptic procedures involving iodine and alcohol. 
Using 24G spinal needles, a lumbar puncture was performed between the L3-L4 spaces while the patient was sitting. 
12.5 mg of 0.5% isobaric bupivacaine was injected intrathecally into group A after the accurate needle placement had 
been confirmed by the free flow of CSF, and 12.5 mg of 0.5% hyperbaric bupivacaine was given to group B for 10–15 
seconds. Time zero was the point at which the local anesthetic injection into the subarachnoid space was completed. 
A senior anesthetist participated in the administration of anesthesia to reduce bias in the rate of injection. The primary 
end point of the study was to compare the effect of isobaric and hyperbaric bupivacaine on maternal hemodynamic 
profile among parturients undergoing elective cesarean section under spinal anesthesia.

After administering spinal anesthesia, the pregnant woman was positioned on her back with a pillow supporting her 
shoulder. Maternal blood pressure (systolic, diastolic, mean arterial pressure) and heart rate were monitored and recorded. 
The level of sensory block was assessed by gently applying an alcohol swap or pricking with a pin, while degree of 
motor function was evaluated using a modified bromage scale. This assessment continued until both complete sensory 
and motor blocks were achieved. Once the sensory block reached a level above the 10th thoracic vertebrae (T10) and the 
bromage scale indicated a motor block of at least level 2, a surgical incision was made.

After complete sensory (>T10) and motor (Bromage score>II) block, a skin incision was made. Hemodynamic monitoring 
was continued. Hemodynamic parameters were made at two-minute intervals initially for the first ten minutes, then at five-minute 
intervals until the end of the procedure. Despite continued fluid management, if MAP is <65 mmHg or SBP < 90 MAP 
vasopressor treatment was considered. The protocol for the management of hypotension and other complications were prepared 
before the start of the study. An uterotonic agent was administered immediately after delivery based on a protocolized uterotonic 
administration strategy. The intraoperative estimated blood loss and fluid requirements were also documented. Parturients were 
transferred to the PACU with stable vital signs at the end of the procedure.

During recovery, parturients’ vital signs (BP, HR, and SPO2) were monitored. After all vital signs stabilized, the 
parturient was transferred to the obstetric ward.

Data Processing and Analysis Procedure
SPSS version 26 was employed to analyze the collected data. Normality checks were conducted using both histogram and 
Shapiro–Wilk tests, while Levene’s test was utilized to assess the homogeneity of variance for normally distributed data. To 
compare numerical variables between different study groups, the independent t-test and Mann–Whitney U-test were applied for 
symmetric and asymmetric data, respectively. Repeated measurements were analyzed using mixed ANOVA. Symmetrical data 
were described as mean ± standard deviation, whereas asymmetrical data were presented as median (interquartile range).

Categorical variables were described using frequency and percentage, and statistical differences between groups were 
evaluated through the chi-square test and Fisher’s exact test, as necessary. For repeated measures, outliers were assessed 
using box plots and examination of studentized residuals for values greater than ±3.

Levene’s test was employed to assess homogeneity of variance, and Box’s M test was used to evaluate covariance. 
Mauchly’s test was conducted to verify the assumption of sphericity, and in cases where this assumption was violated for 
two-way interactions, the Greenhouse-Geisser correction was applied. Pairwise comparisons were performed to deter-
mine where the differences lay. However, this is of limited interest because of the significant two-way interactions 
between groups and time. We used a simple contrast to compare every level of the repeated measures factor to a baseline 
vital sign. Statistical significance was set at P < 0.05.
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Result
Sixty-four mothers who were scheduled for elective cesarean sections and met the criteria were divided into two groups, 
each consisting of thirty-two participants. There were no dropouts from the study. The two groups did not show any 
significant differences in terms of age, weight, height, BMI, baseline maternal hemoglobin, and hematocrit level 
(p>0.05). The estimated amount of blood loss during the surgery, baby weight, and duration of the operation were 
similar between the groups. Although not statistically significant, the total amount of crystalloid fluid used during the 
surgery was slightly higher in the isobaric group compared to the hyperbaric group. However, none of the patients in 
either group received vasopressor therapy. The socio-demographic data of the patient was shown in (Table 1).

Comparison of Hemodynamic Parameters Between the Groups
There were no significant differences in terms of baseline SBP, DBP, MAP, and HR between the two groups. However, 
the intraoperative mean SBP decreased from baseline in the isobaric group (98.84 ± 4.33) compared to the hyperbaric 

Table 1 Demographic Data, Some Perioperative Parameters of Parturients and Neonatal 
Apgar Score Between Both Groups at Dilla University Referral Hospital, Dilla, Ethiopia, 2022

Variables Isobaric  
Group(n=32)

Hyperbaric  
Group(n=32)

P value

Age (yr.) 27.25±4.15 27.56±3.40 0.67

Weight(kg) 70.56±5.01 71.91±5.11 0.33

Height(cm) 166.67±4.93 167.21±5.46 0.69

Body Mass Index(kg/m2) 25.25±1.41 25.44±1.01 0.54

Gestational age (week) 37.84±0.77 37.91±0.89 0.77

Parity Nullipara 2(6%) 2(6%)

I 2(6% 4(13%)

II 18(57%) 15(47%) 0.87

III 5(16%) 6(19%)

Others 5(15%) 5(15%)

Indication for CS Previous scar 21 (65.6%) 22 (68.75%)

CPD 3 (9.4%) 4 (12.5%) 0.86

Others 8 (25%) 6 (18.75%)

Baseline maternal hemoglobin level (g/dl) 11.87±0.70 12.20±1.03 0.33

Baseline maternal hematocrit level (%) 36.41±1.92 36.87±2.60 0.42

Estimated intra-operative blood loss (mL) 531.56± 80.76 532.81 ± 64.26 0.946

Total intra-operative fluid given (mL) 2500(500) 2500 (0) 0.055

Oxytocin dose(IU) 10(10) 10(10) 0.796

Duration of surgery(minutes) 40.16±6.28 39.06±6.89 0.51

Weight of new born(kg) 3.56 ± 0.042 3.55 ± 0.056 0.35

Neonatal APGAR score @1st minutes 8(0) 8(0) 0.607

@5th minutes 9(0) 9(0) 0.607

Notes: Values are presented as: Mean ± standard deviation, Median (IQR), Number (percentage).
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group (106.19 ± 3.31) at six minutes with a statistically significant mean difference of-3.344 (95% CI, −5.270 to-1.481, 
P<0.001). This was also noticed at subsequent time intervals until the 30th min. There were also significant differences in 
mean DBP and MAP from the sixth minute to the 30th minute (p<0.05). The difference in mean SBP, DBP, MAP and HR 
was comparable between both groups in all other levels (P>0.05) as shown in (Table 2 and Figure 2).

Comparison of Repeated Measures Between /Within Groups on Mean Arterial Blood 
Pressure Measurements
There was a statistically significant interaction between group and time on MAP, F (4.019, 249.200) =9.449, P=0.001, 
partial η2 = 0.132, and ε = 0.365. The main effect of group showed that there was a statistically significant difference in 

Table 2 Baseline and Intraoperative Hemodynamics Parameters Between the Two Groups at Dilla University Referral 
Hospital, Dilla, Ethiopia, 2022

Level Isobaric  
Group (n=32)

Hyperbaric  
Group (n=32)

Comparisons

Mean  
Difference

95% CI P value

Base line SBP 120.50 ± 3.01 119.00 ± 3.02 0.06 −1.26 to 1.38 0.925
DBP 73.34 ± 3.79 73.19 ± 4.40 −0.84 −2.89 to 1.21 0.414
MAP 90.00 ± 2.93 88.00 ± 2.40 1.13 −0.21 to 2.46 0.980

HR 84.53 ± 2.50 83.66 ± 3.24 0.87 −0.57 to 2.32 0.231

2nd minutes SBP 113.53± 4.37 114.66± 4.43 −1.13 −3.33 to 1.07 0.130
DBP 70.63 ± 4.94 70.41 ± 5.17 0.22 −2.31 to 2.75 0.863
MAP 84.72 ± 5.92 83.75 ± 4.2 −0.031 −2.61 to 2.55 0.981

HR 82.34 ± 0.90 82.69 ± 0.99 −0.34 −0.83 to 0.13 0.153

4th minutes SBP 106.91 ± 6.54 109.94 ± 5.80 −3.03 −6.12 to 2.75 0.054
DBP 65.72 ± 3.22 67.28 ± 3.76 −1.56 −3.31 to 0.19 0.079
MAP 79.44± 5.11 80.09 ± 4.59 −0.66 −3.08 to 1.77 0.591

HR 82 ± 1.67 82.59 ±2.52 −0.59 −1.39 to 0.20 0.139

6th minutes SBP 98.84 ± 4.33 106.19 ± 3.31 −3.34 −5.27 to −1.48 0.001*
DBP 62.75 ± 3.84 65.81 ± 4.41 −3.06 −5.13 to −0.99 0.004*

MAP 70.38 ± 5.61 78.16 ± 4.17 −2.78 −5.25 to −0.31 0.028*
HR 81.03 ± 1.69 81.50 ± 1.46 −0.47 −1.26 to 0.32 0.240

8th minutes SBP 98 ± 6.49 106.47 ± 4.79 −8.47 −11.32 to −5.67 0.001*
DBP 60.56 ± 4.75 64.84 ± 4.90 −4.28 −6.69 to −1.87 0.001*

MAP 70.38 ± 4.86 77.94 ± 4.46 −5.56 −7.89 to −3.23 0.001*
HR 80.28 ± 1.35 80.84 ± 1.05 −0.56 −1.17 to 0.04 0.068

10th minutes SBP 99.13 ± 4.93 108.56 ± 3.84 −9.44 −11.65 to −7.23 0.001*
DBP 59.34 ± 6.50 64.84 ± 4.90 −6.72 −9.73 to −3.71 0.001*

MAP 70.28 ± 7.23 79.19 ± 4.56 −8.91 −11.93 to −5.88 0.001*

HR 79.97 ± 1.31 79.63 ± 0.79 0.34 −0.20 to 0.88 0.208

15th minutes SBP 105.03 ± 1.71 111.03 ± 2.10 −6.00 −6.96 to −5.04 0.001*
DBP 62 ± 6.86 67.44 ± 5.83 −5.44 −8.62 to −2.26 0.001*

MAP 74.69 ± 6.06 80.75 ± 4.60 −6.06 −8.75 to −3.38 0.001*

HR 80.84 ± 1.65 80.56 ± 1.66 0.281 −0.55 to 1.11 0.50

20th minutes SBP 108 ± 3.45 67.31 ± 5.23 −4.59 −6.13 to −3.06 0.001*
DBP 63.69 ± 6.40 67.31 ± 5.23 −3.63 −6.55 to −0.70 0.016*

MAP 77.34 ± 3.40 81.47 ± 2.44 −4.13 −5.60 to −2.64 0.001*

HR 81.25 ± 2.39 81.66 ± 2.07 −0.41 −1.53 to 0.71 0.471

(Continued)

Journal of Pain Research 2023:16                                                                                                     https://doi.org/10.2147/JPR.S428314                                                                                                                                                                                                                       

DovePress                                                                                                                       
3551

Dovepress                                                                                                                                                            Besha et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


mean MAP between intervention groups, F (1, 62) = 15.388, P = 0.001, and partial η2 = 0.199. The main effect of time 
showed a statistically significant difference in mean MAP at different time points, F (4.019, 249.200) =99.847, P = 0.001, 
Partial η2 = 0.617, ε = 0.365. There was no statistically significant interaction between the baseline and other levels of 
time on MAP for the hyperbaric bupivacaine group (p>0.05) while a statistically significant decrement of MAP was 
observed from the 6th minute of spinal anesthesia administration until the 30th minute for the isobaric group (p<0.05) the 
comparisons of MAP over repeated measures shown in Figure 3.

Onset of Sensory and Motor Blocks Between the Groups
The median (IQR) onset time of maximum sensory block in the isobaric bupivacaine group was 4(1) min compared to the 
hyperbaric bupivacaine group, in which the corresponding values observed were 3(2) min. The median onset time of 
maximum motor block in the isobaric bupivacaine group was 5(2) min, whereas for the hyperbaric bupivacaine group, it 

Table 2 (Continued). 

Level Isobaric  
Group (n=32)

Hyperbaric  
Group (n=32)

Comparisons

Mean  
Difference

95% CI P value

25th minutes SBP 110.06 ± 4.46 115.16± 3.69 −3.97 −6.01 to −1.93 0.001*
DBP 65.69 ± 4.99 68.66 ± 6.05 −2.97 −5.74 to −0.20 0.036*

MAP 78.91 ± 5.80 83.06 ± 4.63 −4.16 −6.78 to −1.53 0.002*

HR 81.34 ± 0.79 81.63 ± 0.66 −0.28 −0.64 to 0.08 0.127

30th minutes SBP 110.75± 4.07 115.16 ± 3.86 −4.41 −6.39 to −2.42 0.001*
DBP 68.22 ± 5.41 69.59 ± 5.41 −2.38 −5.08 to 0.33 0.084

MAP 80.56 ± 6.00 84.41 ± 4.47 −3.84 −6.49 to −1.20 0.005*

HR 81.59 ± 1.29 81.88 ± 1.41 −0.28 −0.96 to 0.39 0.408

35th minutes SBP 114.75± 2.75 114.53± 2.73 0.22 −1.15 to 1.59 0.751
DBP 69.56 ± 4.92 69.22 ± 4.92 0.34 −2.12 to 2.81 0.781
MAP 84.53 ± 1.70 83.00 ± 2.28 0.50 −0.38 to 1.98 0.959

HR 82.31 ± 0.82 81.84 ± 1.32 0.47 −0.08 to 1.02 0.093

40th minutes SBP 115.03± 2.48 114.81±2.84 0.22 −1.12 to 1.55 0.744

DBP 71.94 ± 2.08 71.59± 2.63 0.34 −3.23 to 0.04 0.564

MAP 85.34 ± 2.84 84.20 ± 2.80 0.71 −0.40 to 2.46 0.154
HR 82.22 ± 5.45 84.50 ± 4.07 −2.28 −4.69 to 0.12 0.630

Notes: Values are presented as: Mean± standard deviation. NB: *Significant (P<0.05).

Figure 2 Comparison of mean arterial blood pressure in parturients undergoing elective cesarean section between both groups at Dilla University Referral Hospital, Dilla, 
Ethiopia, 2022.
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was 4(2) min. The statistical analysis showed significant differences in both maximum sensory and motor block onset 
times between the two groups with (P < 0.001) as shown (Figures 4 and 5).

Level of Sensory Block Between the Groups
The levels of sensory block between the groups were assessed, and the majority of parturients in both the isobaric and 
hyperbaric bupivacaine groups had T6 sensory block. The T10 level of sensory block was observed in 6.3% of 
parturients in the hyperbaric and 3.1% in the isobaric groups. There were no statistically significant differences in the 
level of sensory block between the groups (P>0.05) as shown (Figure 6).

Figure 3 Comparison of MAP over repeated measures in parturients undergoing elective cesarean section between the groups at Dilla University Referral Hospital, Dilla, 
Ethiopia, 2022. Hint:(1=MAP@baseline, 2=MAP@2minute, 3=MAP@4min, 4=MAP@6minute, 5=MAP@8minute, 6=MAP@10minute, 7=MAP@15minute, 
8=MAP@20minute, 9=MAP@25minute, 10=MAP@30 minute, 11=MAP@35minute, 12=MAP@40minute.

Figure 4 Comparisons of median onset time of maximum motor block (in minutes) between both groups in a parturients underwent elective cesarean section at Dilla 
University Referral Hospital, Dilla, Ethiopia, 2022.
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Discussion
Bupivacaine is an amide local anesthetic agent commonly used for spinal anesthesia, mainly in hyperbaric or isobaric 
form. Our study revealed that there was a statistically significant mean difference of 3.34 (−5.27 to −1.48), P< 0.001 at 6 
minutes in mean systolic blood pressure between the isobaric group (98.84 4.33) and the hyperbaric group (106.19 ± 
3.31). At the 8th, 10th, 15th, 20th, 25th, and 30th min, we also noticed a higher mean SBP in the hyperbaric group than in 
the isobaric group (P<0.05), although there was no significant difference in the mean SBP between the two groups at 
baseline or over the other time intervals. This result was similar to that of a study conducted in Pakistan, which indicated 
that the isobaric bupivacaine group had lower mean SBP (83.27 ± 12.69 mmHg) than the hyperbaric group (114.33 
±13.83 mmHg) with a statistically significant difference (P < 0.05).23

Figure 5 Comparisons of median onset time of maximum sensory block (in minutes) between both groups in a parturients underwent elective cesarean section at Dilla 
University Referral Hospital, Dilla, Ethiopia, 2022.

Figure 6 Level of sensory block after spinal anesthesia between groups in a parturients underwent elective cesarean section at Dilla University Referral Hospital, Dilla, 
Ethiopia, 2022.
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In contrast to the current study, a double-blind RCT study reported that the mean SBP in the hyperbaric bupivacaine 
group significantly decreased from five minutes to 15 min compared to the isobaric group (P<0.05). This discrepancy 
could be caused by the surgical process, use of adjuvant medications (15 mg of fentanyl), and dose variability of 
bupivacaine (15 mg of 0.5%).24 Similar to this, Critchley et al found that systolic blood pressure was significantly lower 
in the hyperbaric bupivacaine group than in the isobaric group (P = 0.006). The variation in results might be caused by 
differences in the study demographics, type of surgery, and dose volume, as well as the use of a small sample size.25

Our main finding also indicated that the mean arterial blood pressure was significantly decreased in the isobaric 
(70.38 ± 5.61) group at the 6th minute compared to that in the hyperbaric (78.16 ±4.17) group (P = 0.028). We also 
observed a significant difference in the mean MAP at subsequent time intervals until the 30th minute between the two 
groups (P<0.05). This is because the MAP value is related to systolic blood pressure, which is also lower in the isobaric 
group than in the hyperbaric group at these time intervals. There was a comparable MAP at baseline and over the 
remaining time intervals between the two groups. This finding was comparable with the RCT by Khalid et al on 60 
parturients showed a significant decrement in mean systolic blood pressure (P = 0.010) and mean arterial blood pressure 
(P = 0.028) at five minutes of spinal induction in the isobaric group compared to the hyperbaric group.17 A prospective 
observational study conducted on 100 parturients in Ethiopia found a significant drop in MAP from the 5th to the 
25th minute in the isobaric group compared to the hyperbaric group (P 0.05).26

Our results are inconsistent with those of a double-blind RCT study (Iran) that found a higher incidence of 
hypotension in the hyperbaric group than in the isobaric group. They found a shorter duration of hypotension in the 
isobaric group compared to the hyperbaric bupivacaine group (1.67 ±7.8 min vs 7.4 ± 12.5 min, P = 0.004) and lower 
ephedrine requirements in the isobaric bupivacaine group than in the hyperbaric bupivacaine group (2.4 mg ± 6.6 mg vs 
5.3 ± 10.7 mg, P = 0.006).20 The results of our study are also inconsistent with those of a randomized controlled trial 
conducted at the Cantonal Hospital, which showed a greater reduction in MAP in the hyperbaric group than in the 
isobaric group. This difference might be due to the difference in the volume of bupivacaine used (10 mg), additive 
intrathecal fentanyl (15 µg), positioning, height of parturients, and differences in the study population.27

Our study showed comparable mean HR changes at all measurement time intervals in both groups, with baseline vital 
signs. This finding is comparable with another study conducted at the Dow University of Health Sciences on the effect of 
intrathecal hyperbaric and isobaric bupivacaine on elective CS that showed comparable HR variation between the 
groups.23

In our study, while assessing the quality of the block, a faster onset of maximum sensory and motor block was 
observed in the hyperbaric group than in the isobaric group. The median (IQR) onset times of maximum sensory block in 
the hyperbaric and isobaric groups were 3(1) and 4 (2) min, respectively (P = 0.001). The median maximum motor block 
onset time in the hyperbaric group was 4(2) min compared to 5 (2) min in the isobaric group (P < 0.001). However, the 
final block level achieved with both drugs was adequate for cesarean section without additional analgesic requirements in 
both groups. This was comparable to the RCT study (Pakistan) by Nadia Bano and Robina Firdous on the onset of block 
between both drugs among parturients who underwent elective cesarean section. They found a faster mean time onset of 
block in the hyperbaric bupivacaine group (3.55 ± 0.67 minutes) compared to the isobaric bupivacaine group (7.77 ± 
0.77) with P=0.0005.18 Another RCT conducted in India also demonstrated that the average time it took for sensory 
blockade to occur was 3.11 ± 0.28 minutes in the isobaric group and 1.82 ± 0.14 minutes in the hyperbaric group, 
showing a statistically significant difference (p < 0.001). Additionally, the study reported that the average time for motor 
blockade to occur was 4.74 ± 0.51 minutes in the isobaric group and 3.81 ± 0.35 minutes in the hyperbaric group, also 
showing a significant difference (p < 0.001).28

In contrast to our results, a randomized controlled trial by Martin et al showed rapid sensory and motor block onset 
times in the isobaric group compared to the hyperbaric group (P<0.05). A possible explanation for this difference may be 
that they used a different dose of bupivacaine (9.75 mg of 0.75% bupivacaine both groups), or a difference in the study 
population and type of surgery.19 Our findings are also inconsistent with those of the study conducted by Sarvella et al. 
A double-blind randomized controlled trial revealed no significant difference between isobaric and hyperbaric bupiva-
caine at the onset of maximum sensory and motor blocks. These differences might be due to differences in the dose 
volume and additives (9 mg bupivacaine + 20-mcg fentanyl) used.29
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Another randomized controlled trial study in India by Srivastava et al found no statistically significant difference in 
the onset time and level of sensory block between both groups with P> 0.05.30 Furthermore, a study in Pakistan showed 
no significant difference in the onset of maximum sensory and motor block between the groups (P>0.05). This difference 
from our results may be due to a difference in dose volume (10 mg bupivacaine with 25mcg fentanyl were used).31

During spinal anesthesia, the baricity of the local anesthetic affects the block level and blood pressure. Reports have 
shown that patients undergoing non-obstetric surgery experience lower blood pressure after receiving hyperbaric 
bupivacaine because it has a higher peak sensory block level and a greater tendency for cephalic spread than isobaric 
bupivacaine.27,32 However, our results showed comparable peak sensory block heights between the hyperbaric and 
isobaric bupivacaine groups. This might be related to torso elevation in all patients immediately after spinal anesthetic 
agent injection. Although we did not include a supine patient group (without pillow insertion) after spinal anesthesia 
administration as a control, we believe that the intervention may limit the block height resulting from hyperbaric 
bupivacaine caused by spinal anesthesia. In agreement with our study, other studies also revealed insignificant differences 
in the level of sensory block between isobaric and hyperbaric bupivacaine groups.29,30

In contrast to our study, Atashkhoei et al showed that patients in a hyperbaric group had higher sensory block levels 
(at T3) than those in an isobaric group. This difference from our results might be due to the different doses of 
bupivacaine and the additives (15 µg fentanyl).20 Another study by Helill et al revealed higher levels of sensory blockage 
in an isobaric bupivacaine group than in a hyperbaric bupivacaine group. A sensory block up to the T4 level was seen in 
three (6%) patients in the isobaric group and none in the hyperbaric group (P = 0.001). This discrepancy could be due to 
differences in study design.26

Overall, our study demonstrated that hyperbaric bupivacaine was more effective than isobaric bupivacaine in 
maintaining intraoperative hemodynamic stability and a faster onset of block in parturients undergoing elective cesarean 
section delivery.

Strength
There was a homogeneous population in both groups that was comparable with regard to socio-demographic character-
istics, preoperative and intraoperative variables that affected the study outcomes, and the same surgical procedure.

Limitations
Our study had certain limitations, including a lack of noninvasive blood pressure measurement and a lack of control over 
skin incision size. The other limitation of our study was the failure to control the angle of the operating room bed at 
different times during the surgery and the limited availability of similar studies for the comparison of both drugs at 
different time intervals.

Conclusion
We conclude that both isobaric and hyperbaric bupivacaine provide an effective subarachnoid block for cesarean 
sections. However, hyperbaric bupivacaine has been shown to have better intraoperative hemodynamic stability than 
isobaric bupivacaine, with minimal changes in mean SBP, DBP, and MAP after spinal anesthesia. It also has an earlier 
onset of maximum sensory and motor blocks than isobaric bupivacaine.

Recommendation
We recommend the clinicians to use hyperbaric bupivacaine to achieve better hemodynamic stability and shorten the 
duration of the onset of block during cesarean section. We also recommend that researchers perform a multicenter trial 
including the duration of block with invasive blood pressure measurement between both drugs.

Abbreviations
ASA, American Society of Anesthesiologist; BSC, Bachelor of Science; CSF, Cerebrospinal Fluid; CS, Cesarean 
Section; DBP, Diastolic Blood Pressure; DURH, Dilla University Referral Hospital; HR, Heart Rate; MAP, Mean 
Arterial Pressure; MSC, Masters of Science; PACU, Post Anesthesia Care Unit; SBP, Systolic Blood Pressure.
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