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Abstract 

Background Spinal anesthesia (SA) is a conventional method for proper nerve block in abdominopelvic and lower 
extremity surgeries. Compared to general anesthesia, SA has reduced perioperative complications significantly. The 
hyperbaric type of bupivacaine hydrochloride (HB) induces spinal anesthesia more efficiently with a lower incidence 
of life-threatening adverse reactions like Perioperative hemodynamic changes and respiratory depression. More inves-
tigations are needed to define the best dosage that provides adequate anesthesia while reducing adverse effects 
for each surgical procedure.

Methods This double-blinded randomized clinical trial compared the consequences of the (12.5mg,15mg,20mg) 
dosages of HB-bupivacaine in elective lower limb orthopedic surgery. Using block randomization, we allocated 
60 participants to three (n = 20) study groups. Utilizing the same protocol of anesthesia induction, outcome vari-
ables assumed and measured as the incidence of the adverse effects (Hypotension, Anxiety, Bradycardia, Nausea 
and Vomiting(N/V), Hypoventilation, and Decreased o2 saturation), and the requirement for intervention to control 
the unwanted reaction. Addressing that, outcome variables were measured 10 times perioperatively. One-way ANOVA 
test, the  chi2 test, or repeated measures ANOVA test with the Bonferroni adjustment were utilized as appropriate.

Results We found that the incidence of hypotension (P-value:0.02) and the N/V (P-value < 0.001) are associ-
ated with the HB-bupivacaine dosage. Contrary, our findings indicate that the incidence of apnea, bradycardia, 
and hypoventilation did not exhibit a significant dose-dependent pattern between the groups. Repeated meas-
ures analysis revealed significant intergroup differences for Herat rate, systolic, diastolic, and mean arterial pressure 
(group*time Pvalue < 0.001). The observed differences were more prominent 10–30 min after injection of HB-bupiv-
acaine. The regression model claimed that gender (P-value:0.002) and drug dosage (P-value:0.03) significantly predict 
the incidence of adverse effects.

Conclusion Our results, suggest that the administration of the 12.5mg HB-bupivacaine provides adequate anesthesia 
while minimizing the risk of adverse events for lower limb orthopedic surgeries lasting up to 180 min.
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Trial registration The study was registered at the Clinical Trial Registry Center (IRCT20160202026328N7), Registered 
on 2022.01.10.
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Background
Spinal anesthesia (SA) is a conventional method to 
achieve proper nerve block in surgery. The main appli-
cations of this method are lower thoracic, abdominopel-
vic, and lower extremities surgeries. The procedure aims 
to deliver desirable amounts of an anesthetic substance 
into the subarachnoid space [1]. SA approximately used 
in over 5% of surgical interventions worldwide [2]. The 
process not only provides effective sensory-motor neu-
ron blocks, but also blocks regional sympathetic nerves 
[3]. In comparison, SA has reduced perioperative com-
plications significantly. As opposed to general anesthesia 
(GA), SA shrank pulmonary complications, surgical site 
infections, the need for blood transfusion, thrombotic 
events, ICU admission, and inpatient care period [4]. The 
essential contraindications for SA are raised intracranial 
pressure(RICP), infection at the lumbar puncture site, 
hypovolemia, and coagulation problems [5].

Bupivacaine hydrochloride is relatively safe and widely 
used as an anesthetic drug for SA induction. Currently, 
two types of isobaric (IB) and hyperbaric (HB) bupiv-
acaine are available on the market. Pharmacodynamics 
attitudes of the HB types bring some advantages for the 
diffusion, number of blocked dermatomes, the efficacy 
of the blockage, rapid onset anesthesia, and a lower inci-
dence of side effects [6, 7].

The main side effects of bupivacaine-induced SA can 
be categorized into procedure-related (like post-lumbar 
puncture headache) and drug-related adverse effects. The 
main adverse effects of the drug manifest as periopera-
tive hemodynamic instability and respiratory depression. 
[2]. Despite the interpersonal and genetical variations 
in reactions to bupivacaine, it was demonstrated that a 
higher dose of drug injection was accompanied by more 
adverse reactions [8, 9]. Furthermore, surgery type, 
demographic features, patient medical history, American 
Society of Anesthesiologists (ASA) physical score, spi-
nal cord level of SA induction, and β-blocker consump-
tion are associated with the incidence of adverse effects 
[10, 11]. Besides, a lower drug dose may cause inade-
quate sedation and necessitate general anesthesia induc-
tion. Previous studies were inconclusive in determining 
the proper dose of HB-bupivacaine for SA induction in 
lower limbs orthopedic surgeries, We aimed to compare 
the efficacy and consequences of the three doses of HB-
bupivacaine(12.5,15, and 20mg) in elective lower limb 
orthopedic surgery in Iranian population. Considering 

the genetic variation and surgery types, we hypothesized 
that the 12.5mg HB-bupivacaine dosage could provide 
proper anesthesia for lower limb orthopedic surgery with 
a lower incidence of perioperative adverse effects in our 
study population.

Methods
Study characteristics
In this double-blinded randomized clinical trial, we 
investigated the efficacy and adverse effects of three 
dosages of 0.5% HB-bupivacaine (12.5mg/15mg/20mg) 
among the study groups. The study was performed 
between August 2022 and January 2023 at Tabriz’s Sho-
hada Hospital and registered at the Clinical trial Regis-
try Center (IRCT20160202026328N7). The protocol of 
the study was approved on 2021.11.29 by the local ethics 
committee (IR.TBZMED.REC.1400.820) and all partici-
pants had informed consent for participation.

Sample characteristics
Participants were adults 18 to 60 years old with class 1 
or 2 ASA classification, who were candidates for elec-
tive lower limb orthopedic surgery with SA. Surgery 
types include DHS insertion, PFNA insertion, total knee 
arthroplasty, patella fracture, tibial shaft fracture, and 
calcaneal fracture. We considered patients’ disagreement 
with SA, uncontrolled hypertension or Diabetes melli-
tus, previous neurologic disorders, known coagulopathy, 
allergy to the HB-bupivacaine, and septicemia or infec-
tion at the site of injection of the anesthesia as exclusion 
criteria.

Considering the previous study of Shahverdi et. al With 
a power of 80% and a confidence interval of 95%, the sam-
ple size was calculated to be approximately 60 patients 
[12]. The PASS software version 20.0.5 was utilized for 
sample size calculation. Using convenience sampling and 
block randomization methods, participants were equally 
distributed into three dosage groups. Patients were 
assigned to Groups A (12.5mg), B (15mg), or C (20mg) 
on a computer-generated random number generator 
using Random Allocation Software (RAS; Informer Tech-
nologies, Inc., Madrid, Spain) (Fig. 1).

Anesthesia induction method
We used 0.5% hyperbaric bupivacaine (AstraZeneca 
Company, France), intrathecal Injections performed 
by 23G Quincke spinal needles (Dr.Japan Co. Ltd), and 
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5ML syringes(AVA Pezeshk—Luer-lock Syringe) that 
were available at the hospital to maintain the accuracy 
of the injection dose. The rate of infusion was approxi-
mately 0.2ML/second. The room and injected solution 
temperature were maintained equally to assimilate the 
intervention into three groups. All participants received 
injections in Fowler’s position in the L4-L5 interverte-
bral space. The anesthesiologist and the patients were 
blinded to the injected dose of the drug. Patients were 
immediately laid down in a supine position after injec-
tion. Patients were monitored for electrocardiography, 
pulse oximetry, systolic blood pressure (SBP), diastolic 
blood pressure (DBP), mean blood pressure (MBP), heart 
rate (HR), and oxygen saturation (SpO2) (data measured 
with an X162 monitor (Saadat Company, Iran) by an 
expert physician). The sensory nerve block was assessed 
by a pin-prick test at the L1 dermatome and the motor 
nerve block was evaluated by a modified Bromage scale. 
Surgeries duration and type, HB-bupivacaine dosage, 
demographic features, and Body-mass index, for all par-
ticipants were recorded in their files.

Outcome measure
Outcome variables assumed as the incidence of the 
adverse effect (Hypotension, Anxiety, Bradycar-
dia, Nausea and Vomiting(N/V), Hypoventilation, 

and Decreased o2 saturation), and the requirement 
for intervention to control the unwanted reaction. 
Addressing that, blood pressure (BP), mean arterial 
pressure(MAP), heart rate(HR), oxygen saturation(O2 
sat), and respiratory rate(RR) were measured before the 
injection and at the supine position and every 5 min up 
to 30 min and every 15 min up to 60 min after the injec-
tions. Atropine, saline solution with ephedrine, and 
oxygen were available for the management of sympto-
matic bradycardia, hypotension, and hypoventilation. 
The data of the participants with severe adverse reac-
tions, with the need for intervention, were included just 
before resuscitation to minimize the effects of resusci-
tation on the outcome variables.

For the analysis of the results, SPSS version 26 was uti-
lized, with a significance level set at P ≤ 0.05. The normal-
ity of the data was assessed using the Shapiro–Wilk test. 
Depending on the nature of the data, either parametric 
(one-way ANOVA or the chi-square test) or nonpara-
metric (Kruskal–Wallis test) were employed. Repeated 
measures data were analyzed using repeated measures 
ANOVA. Post-hoc comparisons were conducted using 
the Bonferroni post-hoc correction to determine asso-
ciations between groups. In case of rejected assumption 
of sphericity, the Greenhouse- Geisser correction was 
utilized.

Fig. 1 Consort diagram
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Results
Demographic features
The demographic features of the participants are pre-
sented in Table 1. 60 patients were equally distributed 
in three study groups (20 participants/group). The par-
ticipants’ mean age was 57.23(± 18.56 STD), 39 male 
and 21 female, with a mean BMI of 25.64 (± 3.05 STD), 
and mean surgery duration of 118.66 ((± 36.50 STD) 
minutes. The inter-group differences weren’t signifi-
cant regarding demographic features. The majority of 
each group’s patients were classified as a class (II) on 
the ASA scale. Our sample did not contain any partici-
pants needing redosing to obtain proper anesthesia. All 
participants reached desirable sensory and motor nerve 
blocks (pin-prick perception blockage at the L1 der-
matome, and a modified bromage scale score of 3 or 4 
obtained).

Perioperative adverse drug reaction incidence
Precise data on adverse effects incidence is presented in 
Table 2. Although the observed incidences of agitation, 
bradycardia, and hypoventilation did not differ between 
our study’s groups, the incidences of hypotension and 
nausea/vomiting showed significant variation between 
our study’s groups  (Chi2 P-value: 0.02, and ≤ 0.001 
respectively). Additionally, our data showed that the 
overall between-group variation of adverse drug effects 
was significant  (Chi2 P-value ≤ 0.001).

Baseline characteristic of the outcome measures
The baseline characteristics of the assumed variables 
did not have meaningful differences among the study’s 
groups. Data on respiratory rate did not distribute nor-
mally but data on pulse rate, systolic blood pressure, 
diastolic blood pressure, mean arterial pressure, and 
O2 saturation were found to have normal distributions. 
Parametric or non-parametric tests were used to exam-
ine inter-group differences as appropriate. More infor-
mation about the baseline characteristics of the groups is 
reported in Table 3.

Repeated measure results
We performed Repeated measures ANOVA to deter-
mine the possible differences between the study’s groups. 
Total Data from 60 participants in three groups were col-
lected. Each variable was measured 10 times according to 
the study’s protocol (before injection, immediately after 
injection, every 5 min up to 30 min after injection, and at 
45 and 60 min after injection). Complete data were avail-
able for all 20 participants in each study group.

Respiratory rate
Data on respiratory rate did not have a normal distribu-
tion, so we used a non-parametric test for interpreta-
tion of them at each time point. Except for 60 min after 
injection (P-value: 0.01) We did not find any meaningful 
differences in respiratory rate during the investigation 
between our study groups. The observed differences 

Table 1 BMI: Body mass index/ ASA: American Society of Anesthesiology/ *one-way ANOVA p-value reported/ ** chi2 test p-value 
reported

Demographic features of the patients

Parameter: Group A (12.5mg) Group B (15mg) Group C (20mg) P-value

Age (Mean, STD) 57.20(21.18) 55.55(18.08) 58.95(16.98) 0.850*

Gender (Male/Female %) 70/30 70/30 55/45 0.517**

Weight (Mean, STD/Kg) 75.80(7.08) 73.90(11.53) 73.70(12.37) 0.788*

Height (Mean, STD/cm) 173.70(7.40) 169.30(8.30) 167.95(8.85) 0.078*

BMI (Kg/m2) 25.23(3.04) 25.66(2.64) 26.02(3.63) 0.724*

ASA (I/II percent) 15/85% 25/75% 15/85% 0.641**

Surgery time/min ( Mean, STD) 113.00 (36.49) 121.50 (39.80) 120.00 (34.35) 0.746*

Table 2 Incidence of adverse drug reactions

Group Agitation Nausea and vomiting Hypotension Bradycardia Hypoventilation Total

A - - 1 (5%) 1 (5%) - 2 (10%)

B - 8 (40%) 8 (40%) 1 (5%) - 14 (70%)

C 1 (5%) 5 (25%) 7 (35%) 3 (15%) - 12 (60%)

Total 1 (1.7%) 13 (21.7%) 16 (26.7%) 5 (8.3%) 0 (0%) 28 (46%)
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were just statistically significant, and none of our par-
ticipants manifested with apnea or bradypnea.

Heart rate
The Greenhouse- Geisser correction was utilized. The 
interaction between Time and Group was significant 
(F = 10.98, P < 0.0001). Post hoc comparisons indi-
cated that between-group differences at baseline were 
not significant, but after 10 min of injection, all of the 
between-group differences were significant, with group 
A having lower mean heart rate levels than the other 
groups. The detailed data are presented in Table 4 and 
Fig. 2A.

Systolic blood pressure
The Greenhouse- Geisser correction was utilized. The 
interaction between Time and Group was significant 
(F = 26.34, P < 0.0001). Post hoc comparisons indicated 
that between-group differences at baseline were not sig-
nificant, but from 10 to 30 min after injection between-
group differences were statistically significant, with 
group A having a higher mean systolic blood pressure 
levels than the other groups. The detailed data are pre-
sented in Table 4 and Fig. 2B.

Diastolic blood pressure
The Greenhouse- Geisser correction was utilized. The 
interaction between Time and Group was significant 
(F = 30.80, P < 0.01). Post hoc comparisons indicated 
that between-group differences at baseline were not 
significant. Post-hoc analysis revealed that from 10 to 
20 min after injection between-group differences were 
statistically significant, with group A having higher 
mean diastolic blood pressure levels than the other 
groups. The detailed data are presented in Table 4 and 
Fig. 2C.

Mean arterial pressure
The Greenhouse- Geisser correction was utilized. The 
interaction between Time and Group was significant 
(F = 35.27, P < 0.0001). Post hoc comparisons indi-
cated that between-group differences at baseline were 
not significant, but from 10 to 30 min after injection 
between-group differences were statistically significant, 
with group A having higher mean arterial pressure lev-
els than the other groups. The detailed data are pre-
sented in Table 4 and Fig. 2D.

O2 saturation
The Greenhouse- Geisser correction was utilized. The 
interaction between Time and Group was not signifi-
cant. Post hoc comparisons did not indicate any signifi-
cant between groups differences. The detailed data are 
presented in Table 4 and Fig. 2E.

Regression analysis
We built a binary logistic regression model to analyze 
the effect of age, weight, height, BMI, surgery time, 
ASA index, and the intervention group on the inci-
dence of adverse effects. The model showed a signifi-
cant predictive value for the Group of interventions 
(P = 0.002) and gender (P = 0.03). Based on a logistic 
model using 12.5 mg 0.5% HB-bupivacaine and female 
gender propose a protective effect on the incidence of 
adverse drug reactions (Tables 4 and 5/Fig. 3).

Discussion
We found that all three injected doses of HB-bupiv-
acaine (A:12.5 mg/B:15 mg/C:20mg) were effective for 
induction of the Anesthesia required for lower limb 
orthopedic surgeries lasting up to 180 min. Our find-
ings claim that the incidence of agitation, bradycardia, 
and hypoventilation did not vary between our study 
groups significantly, while for hypotension and N/V, 
we found an important between-group variation with 
a lower incidence in Group A relative to the others. 
Also clinically and statistically, the overall incidence 

Table 3 Baseline characteristics of outcome variables/group. 
SBP: Systolic blood pressure/ DBP: Diastolic blood pressure/ MAP: 
mean arterial pressure/ RR: Respiratory rate/ *: One-way ANOVA 
test/ **: Kruskal–Wallis test

Group Mean ± Std P-value* F

SBP A 140.50 ± 12.65 0.587 0.53

B 136.45 ± 13.42

C 137.90 ± 12.23

DBP A 80.60 ± 11 0.919 0.08

B 80.15 ± 12.28

C 81.55 ± 9.45

MAP A 120.55 ± 11.55 0.723 0.32

B 117.55 ± 12.72

C 119.05 ± 10.88

HR A 88.05 ± 10.82 0.721 0.32

B 90.70 ± 8.65

C 89.15 ± 11.46

O2. Saturation A 94.65 ± 1.87 0.600 0.51

B 94.45 ± 1.87

C 94.00 ± 2.42

RR Group Median ± IQR P-value**

A 13 ± 1 0.726

B 13 ± 0

C 13 ± 1
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rate of unwanted drug reactions was lower in group A 
of the participants. Our results imply that the decline 
of the systolic, diastolic, and mean arterial pressure are 
dose-dependent approximately. Conversely, respiratory 
rate and O2 saturation did not exhibit dose-dependent 
manners. Post-hoc analysis revealed that the major-
ity of the meaningful inter-group differences happened 
10–30 min after the injections, and the observed differ-
ences were more prominent between Groups A and C. 
Except for the injected drug dose, gender was found to 
be an important factor for anticipating the incidence 
of adverse effects. Our data suggested a protective 
effect of the female gender in unwanted drug reactions 
incidence.

Pain management during the surgical process is one of 
the major topics of anesthesiology. Knowing the mecha-
nism of early surgery-related complications entails ade-
quate pain management and faster rehabilitation. To 
address this method of anesthesia, anesthetic drug selec-
tion, and dose modification are the essential components.

SA is well known relatively safe method of anesthesia 
induction. It is widely used in lower thoracic, abdomi-
nopelvic, and lower limb surgeries. Annually, it is 
employed in approximately 15 million surgeries (5% of 
surgical interventions) around the world [1, 2]. SA was 
shown to have beneficial effects in the reduction of pul-
monary complications, surgical site infections, the need 
for blood transfusion, thrombotic events, ICU admission, 
and inpatient care period [4].

Bupivacaine is a potent aminoacyl local anesthetic and 
a leading substance used for SA induction [13]. Bupiv-
acaine blocks nerve excitation by disabling voltage-gated 
sodium channels and antagonizing NMDA receptors 
in the dorsal horn [14]. The pharmacologic features of 
bupivacaine are responsible for long-lasting anesthe-
sia and sensory dissociation from motor blocks. A rela-
tively low tachyphylaxis rate and poor placenta passage 
make it favorable for antinociceptive induction [15, 16]. 
Hyperbaric (HB) bupivacaine hydrochloride has a greater 
density relative to the cerebral spinal fluid. in comparison 

Table 4 Detailed date of the variables/group during the study (1:Kruskal–Wallis test / 2: one-way ANOVA test / 3: repeated measured 
ANOVA test)
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with isobaric bupivacaine, HB-bupivacaine appeared to 
have brisk motor block initiation and a relatively shorter 
duration of sensory-motor block remission [7]. The HB 
form attenuates the need for conversion to general anes-
thesia and supplemental analgesia without increasing the 
incidence of adverse effects [7].

Parallel to advantages, SA has several complications. 
Prominent peri-operative complications of HB-bupi-
vacaine are hemodynamic instability and respiratory 
depression [2]. Although individual reactions to HB-
bupivacaine are idiosyncratic, more adverse reactions 
co-exist with higher-dose injections [8]. However an 
inappropriate low-dose injection of the anesthetics 

followed by SA failure [17]. Many efforts have been made 
to recognize the best dosage of HB-bupivacaine for SA, 
but the results are controversial.

Our findings on the efficacy of HB-bupivacaine in the 
induction of sensory-motor block (complete sensory-
motor block without the additional intraoperative need 
for anesthesia) were in line with those of other studies. 
Picherski et.al in an RCT of lower limb orthopedic sur-
geries found 100% efficacy for the 15mg HB-bupivacaine 
solution on induction of the complete sensory-motor 
block. According to their results up to 73% of the patients 
did not need any additional intraoperative anesthesia 
[18]. The difference between our results and the men-
tioned study probably originates from the various sample 
sizes and unequal drug brands and injected doses. Addi-
tionally, the patient’s sensitivity to pain may influence the 
results of the additional need for intraoperative analge-
sia. Considering the adequate sensory-motor block in 
all study groups, our results support using a lower dose 
(12.5 mg) of HB-bupivacaine for SA in lower limb ortho-
pedic surgeries.

A meta-analysis has been made to investigate the 
efficacy and adverse reactions related to SA induction 
by Messina et.al [19]. 6 randomized clinical trials of 
lower limb orthopedic surgery were included. All of the 
included studies except one (using ropivacaine), using the 
different doses of hypo, Iso, and hyperbaric bupivacaine 

Fig. 2 A: Heart rate trends. B: Systolic blood pressure trends. C: Diastolic blood pressure trends. D:Mean arterial pressure trends. E:O2 saturation 
trends

Table 5 Logistic regression analysis

P-value Exp(B) 95% CI for Exp(B)

Intervention group 0.002 32.79 3.65–294.09

Gender 0.031 21.26 1.31–344.33

Age 0.895 0.99 0.92–1.07

Height 0.439 0.70 0.29–1.70

Weight 0.643 1.28 0.44–3.76

BMI 0.570 0.41 0.02–8.60

ASA index 0.246 0.16 0.00–3.53

Surgery time 0.124 0.98 0.96–1.00
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for SA induction. Overall, data of the 334 patients with 
a median age of 82yr, needed open surgical repair of hip 
fracture analyzed. The median surgical duration of the 
studies was 65 min, and the median BMI for the included 
studies was calculated at 23. 5 of the included studies 
added lipophilic opiates to local anesthesia as adjuvant 
therapy, and ultimately results of the meta-analysis sug-
gested the use of 6.5mg rather than 10.5mg of local anes-
thesia could be reasonable to induce proper anesthesia 
and reduce perioperative adverse reaction. These find-
ings claim ours in terms of decreasing the incidence of 
adverse reactions by administrating lower doses of SA 
injection. The observed differences could be addressed by 
the differences in mean surgical time, participants’ BMI, 
and the use of adjuvant opiates for induction of SA. Our 
sample contained surgical procedures with a mean time 
of 118.66 min, mean participants’ BMI of 25.64, mean 
participants’ age of 57.23, and we only injected HB-bupi-
vacaine for induction of SA without any adjuvant sub-
stances. Age is an important indicator of adverse drug 
reaction incidence because of the pharmacodynamic 
features of HB-bupivacaine. The ED50% for HB-bupiv-
acaine is reduced by advancing in age [20]. Elderly peo-
ple are more susceptible to induction of anesthesia and 
side effects by the use of HB-bupivacaine. In our sample 
surgical procedures time was noticeably higher, and our 

samples contained younger-aged participants. The syner-
gism between intrathecal injection of opiates and bupiv-
acaine makes it feasible to reduce the dose of anesthetic 
drugs. It also provides better cardiovascular stability and 
enhances early ambulation after surgery [19, 21]. How-
ever, it was demonstrated that intrathecal injection of 
opiates may result in urinary retention, pruritus, and res-
piratory depression [22].

Manouchehrian et  al. in a double-blinded RCT com-
pared the efficacy of two doses of HB-bupivacaine 0.5% 
(10 mg and 12 mg) in cesarean Sect.  [17]. They claimed 
that a lower dose of HB-bupivacaine was safer and more 
hypotension and bradycardia were associated with a 
higher dose of HB-bupivacaine. they concluded that a 
higher dose of HB-bupivacaine had more incidence of 
N/V.

Arzola et al. in a meta-analysis investigated the efficacy 
of low-dose bupivacaine (≤ 8 mg) in spinal anesthesia 
for cesarean delivery [23]. The associations of low-dose 
bupivacaine with a lower incidence of hypotension and 
N/V were concluded in this review. They also reported 
that low-dose bupivacaine was less effective for SA 
induction and associated with a higher risk of analgesic 
supplementation.

Prolonged immobilization after surgery is one of the 
most well-known risk factors for thromboembolic events. 

Fig. 3 ROC curve, AUC = 0.95
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Layson et al. demonstrated that a low-dose single shot of 
HB-bupivacaine provides a faster return of motor func-
tions and better rehabilitation for patients in arthroplasty 
surgeries [24].

These findings necessitate more investigation to find 
the ideal dose of injected HB-bupivacaine for the induc-
tion of SA. Evidently, because of the multifactorial nature 
of adverse reactions incidence, a more precise evaluation 
should be conducted. Surgery duration, demographic 
features, patient’s medical history, American Society of 
Anesthesiologists (ASA) physical score, spinal cord level 
of SA induction, and β-blocker consumption are some 
of the known important factors for developing adverse 
effects after SA induction [10, 11].

The nature of the surgical procedures, the duration of 
the surgery, the different doses of injection, patient char-
acteristics, and the technical issues of the injections are 
potentially important variables in finding the best dose of 
HB-bupivacaine in SA.

We tried to equalize these parameters among our 
study’s groups. Surgery time, demographic features, ASA 
score, and the spinal cord level for induction of SA didn’t 
have any significant differences in our study’s group. 
According to our results, injecting 12.5 mg of HB-bupiv-
acaine for SA was a safe and efficient method for anesthe-
sia induction in orthopedic surgeries of the lower limbs 
with surgery time of 45–180 min. We recommend further 
investigation with a lower dose of SA injection to evalu-
ate how far we can reduce the anesthesia drug dosage.

One source of weakness in this study which could have 
affected the measurements of the outcomes was inad-
equate information about participants’ past medical 
history and their routine drug consumption. Our infor-
mation about these variables relied on patients’ state-
ments and it could affected by recall biases. Another 
limitation of our study is related to the sampling method. 
A large sample size study is needed to better evaluate 
HB-bupivacaine dosages’ efficacy and adverse effects. All 
of the participants were selected from a single center, and 
the patients had the same ethnicity for these reasons our 
findings were less generalizable. Also, our study does not 
contain the time of onset and duration of the anesthesia, 
further evaluation should be made to accurately compare 
the efficacy of these three dosage groups for induction of 
anesthesia.

Conclusion
12.5 mg HB-bupivacaine seems to be the better choice 
for SA induction in lower limbs orthopedic surgeries 
lasting up to 180 minutes.
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