



 A Prospective Randomised Controlled Study Comparing The Efficacy Of Hyperbaric Levo Bupivacaine+Nalbuphineversus Hyperbaric Ropivacaine + Nalbuphine In Subarachnoid Block For Lower Limb Orthopaedic Surgeries

ABSTRACT

Background: Spinal anaesthesia is the most preferred regional anesthesia technique as it is easy to perform, economical and produces rapid onset of anaesthesia and complete muscle relaxation. Present study aims to evaluate the effects of intrathecal 0.5% hyperbaric levobupivacaine combined with nalbuphine versus intrathecal 0.75% hyperbaric ropivacaine combined with nalbuphine, in patients undergoing Orthopedic surgeries of the lower limbs.

Materials and Methods: A total of 60 patients, categorized into ASA grading I and II, were randomly allocated into Group LB and Group R of 30 each. Group LB received 3ml of 0.5% hyperbaric levobupivacaine + 0.8 mg nalbuphine while Group R received 3ml of 0.75% hyperbaric ropivacaine + 0.8 mg nalbuphine. Statistical analysis was carried out using SPSS Version 26.0 and p < 0.05 was considered to be significant. 

Results: The study revealed no significant difference in age, sex, weight between the two groups. The mean time to onset of sensory block and motor block was significantly faster (2.12 vs 2.89 mins, p<0.01; 2.57 vs 3.28 mins, p<0.01) and duration was significantly longer (412.2 vs 346.8 mins, p<0.01; 317.4 vs 247.2 mins, p<0.01) in Group LB compared to R Group. There is no significant difference regarding side effects like hypo-tension, bradycardia, PONV, respiratory depression in both the groups.

Conclusion: Hyperbaric levobupivacaine with nalbuphine provides reliable spinal anaesthesia of longer duration than hyperbaric ropivacaine with nalbuphine and can provide a safe alternative to ropivacaine for lower limb orthopedic surgeries.
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INTRODUCTION

Lower abdominal and lower limb surgeries can be performed under regional (spinal, epidural, or both) or general anaesthesia. A 5% hyperbaric lignocaine was a drug of choice for intrathecal anesthesia but it has been associated with transient radicular irritation (Pollock, 1996). Following the cessation of intrathecal lidocaine administration, bupivacaine 0.5% became the sole agent utilized for spinal anaesthesia. Nevertheless, the cardiotoxicity and central nervous system adverse effects associated with bupivacaine have prompted the introduction of its pure S (-) enantiomers, namely ropivacaine and levobupivacaine (Whiteside, 2001).

Ropivacaine is an amide local anesthetic with a prolonged duration of action. It exhibits lower lipophilicity compared to bupivacaine, which diminishes its ability to infiltrate large myelinated motor fibers. Consequently, this leads to a comparatively lesser degree of motor blockade (McClellan, 2000). Levobupivacaine is the S (-) enantiomer of bupivacaine, a long-acting local anesthetic, and it exhibits reduced cardiotoxicity and central nervous system effects when compared to bupivacaine (Foster, 2000).

The use of opioids such as nalbuphine, tramadol, fentanyl with local anaesthetic agents improves the quality and duration of analgesia, decreases the risks of systemic toxicity and motor blockade incidence due to reduction in the dose of local anaesthetic agents (Tong 2014). Nalbuphine is a mixed opioid which has both kappa agonist and mu antagonist activity. It has the ability to maintain as well as potentiate the opioid based analgesia (Mahmoud, 2015).

On this pre-text, present hospital based randomized control study was planned to compare the effects of intrathecal hyperbaric levo-bupivacaine + nalbuphine and intrathecal hyperbaric ropivacaine + nalbuphine with respect to the quality of sensory and motor block and side effects in patients undergoing lower limb Orthopaedic surgeries.

MATERIALS AND METHODS

Study design: A prospective, randomized, double blinded, controlled study.

Study Site: The current study was conducted during February 2023 and March 2024 in the Department of Anaesthesia, Yashoda multi-specialty hospital, Secunderabad, accredited by NABH and NABL.
Study sample: Current study included 60 cases of American Society of Anesthesiology (ASA) Grade I, II patients. The computerized random table was used to randomly assign 30 patients each of any sex to the Group LB (received 3ml of 0.5% hyperbaric levo-bupivacaine + nalbuphine 0.8mg intrathecally) or Group R (received 3ml of 0.75% hyperbaric ropivacaine + nalbuphine 0.8mg intrathecally).

Inclusion criteria: Participants aged between 21 and 65 years, either gender, scheduled for elective lower limb surgeries under spinal anaesthesia, specifically with an American Society of Anesthesiologists (ASA) physical status I or II are eligible for inclusion
Exclusion criteria: The study excludes patients with co-morbid conditions like uncontrolled diabetes mellitus, asthma, hypertension, cardiac disease, hematological disease, allergy to local anaesthetics, ASA class III, IV and V, body mass index more than 28kg/m2, patients having absolute contraindication like raised intracranial pressure, severe hypovolemia, bleeding diathesis and local infection for spinal anaesthesia.

Patients were kept nil per oral for solids 6hrs and for clear fluids 2hrs before surgery. Intravenous line was obtained with 18G cannula and was preloaded with ringer lactate 500ml (10ml/kg body weight) half an hour before anaesthesia. Patients were connected to multi-channel monitor for monitoring pulse rate (PR), oxygen saturation (SPO2), and mean arterial pressure (MAP). Patient positioned in sitting position. Under aseptic precautions subarachnoid block was performed at L3- L4 inter space through a mid-line approach using 25G Quincke’s spinal needle. After confirming the clear and free flow of CSF, the study drug was injected into the subarachnoid space. Patients were turned to supine posture immediately with the table kept flat and supplemental oxygen was given. Sensory blockade was tested using pinprick method with a blunt tipped 27G hypodermic needle at every 30 seconds for first 2 minutes, every minute for next 5 minutes and every 5 minutes for next 15 minutes and every 10 minutes for next 30 minutes and every 15 minutes till the end of surgery and there after every 30 minutes until sensory block is resolved. Maximum level of sensory blockade attained and the time taken for the same was noted. All the patients were monitored during the period of block and peri-operative period employing multi-channel monitor which displays heart rate, systolic and diastolic blood pressure, mean arterial pressure, SPO2.
STATISTICAL ANALYSIS

The statistical analysis was performed by using IBM SPSS V26.0. Mean ± SD was used to present the quantitative data. Mann-Whitney test was used if the data failed the "Normality test," whereas “unpaired t-test" was used if the data passed. Number (%) was used to present the results of categorical measurements. Fisher's exact test and the Chi-Square test with continuity correction were used to evaluate the associations between the qualitative variables in all two-by-two tables. A p < 0.05 was considered statistically significant.

RESULTS

Table 1 indicates that the current study group's mean age distribution was 37.1 years and there was no significant difference between the study groups (p = 0.65). Out of the total 60 cases, 83.3% were males while 16.7% were females with no significant difference between two study groups (p=1.0). The findings further reveal that, a total of 88.3% cases were in ASA grade I while 11.7% were in ASA grade II with no significant difference between the study groups (p=0.22). The incidence of adverse reactions was comparable between study groups (p>0.05). No hypotension and bradycardia were observed in both the groups. Post-op nausea and vomiting was seen in 8.6% and 17.1% cases of group R and LB respectively. Additionally, mean anthropometric measurements, including height, weight, and BMI, were comparable between the study groups (p > 0.05).
Table 1: Age, Gender and ASA grade, Adverse reactions, Anthropometric parameters comparison among study groups
	Characteristics


	Group
	Total
	P

	
	Ropivacaine (R)
	Levobupivacaine (LB)
	
	

	Age (Mean ±SD)
	30 (37.9±12.6)
	30 (36.2±12.8)
	60
	0.65

	Female
	5(16.7%)
	5(16.7%)
	10(16.7%)
	1.00

	Male
	25(83.3%)
	25(83.3%)
	50(83.3%)
	

	Total
	30(100%)
	30(100%)
	60(100%)
	

	ASA grade

	Grade 1
	28(93.3%)
	25(83.3%)
	53(88.3%)
	0.22

	Grade 2
	2(6.7%)
	5(16.7%)
	7(11.7%)
	

	Total
	30(100%)
	30(100%)
	60(100%)
	

	Adverse reactions

	Bradycardia
	0(0.0%)
	0(0)
	0(0)
	NA

	Hypotension
	0(0.0%)
	0(0.0%)
	0(0.0)
	1.00

	PONV
	3(8.6%)
	6(17.1%)
	9(12.9%)
	0.28

	Anthropometric parameters

	Height (cm) (Mean ±SD)
	30(143.9±6.2)
	30(143.7±6.3)
	60
	0.32

	Weight (Kg) (Mean ±SD)
	30(67.2±7.3)
	30(68.0±7.6)
	60
	0.78

	BMI (Kg/m2) (Mean±SD)
	30(32.7±4.8)
	30(33.1±5.1)
	60
	0.82


Table 2 explains that, heart rate (p=0.339) and mean arterial pressure (p=0.496) was comparable between study groups during entire intra-operative and post-operative follow up period of 6 hours (p>0.05).

Table 2: Comparison of changes in Heart rate and Mean arterial pressure among study group
	
	Heart rate
	P 
	Mean arterial pressure (MAP)
	P

	
	Group R

(Mean ±SD)
	Group LB

(Mean ±SD)
	
	Group R

(Mean ±SD)
	Group LB

(Mean ±SD)
	

	0 min 
	94.3±16.9
	90.2±16.0
	0.339
	97.6±10.2
	98.7±10.8
	0.496

	3 mins
	90.4±18.4
	86.4±13.4
	0.340
	92.2±12.5
	89.3±11.8
	0.352

	6 mins
	87.0±18.8
	83.0±14.3
	0.361
	88.6±12.8
	84.9±15.6
	0.335

	9 mins
	81.7±16.5
	80.4±13.5
	0.746
	86.8±11.3
	85.2±11.6
	0.736

	12 mins
	79.0±14.6
	76.9±12.5
	0.552
	87.1±11.3
	83.9±11.3
	0.550

	15 mins
	94.3±16.9
	90.2±16.0
	0.339
	97.3±10.3
	98.0±10.2
	0.489

	20 mins
	81.7±16.5
	80.4±13.5
	0.746
	87.0±11.5
	85.1±11.0
	0.718

	25 mins
	76.5±16.0
	75.0±10.9
	0.681
	84.6±11.3
	83.4±10.1
	0.623

	30 mins
	76.0±14.9
	74.9±13.1
	0.770
	83.8±12.6
	81.7±7.9
	0.621

	35 mins
	76.2±15.0
	73.6±12.4
	0.457
	84.1±10.4
	81.3±7.9
	0.356

	45 mins
	71.5±23.6
	72.1±18.3
	0.913
	84.9±10.3
	83.3±7.0
	0.800

	55 mins
	76.5±12.4
	75.0±12.6
	0.659
	85.5±9.8
	84.8±7.6
	0.737

	60 mins
	97.2±108.3
	75.2±12.3
	0.274
	86.6±9.2
	85.3±6.9
	0.364

	65 mins
	77.3±11.6
	75.7±12.3
	0.591
	86.9±8.9
	85.8±6.6
	0.575

	70 mins
	77.7±11.3
	76.4±12.0
	0.666
	87.7±8.3
	86.3±6.2
	0.604

	75 mins
	78.1±10.7
	76.9±12.0
	0.668
	88.6±8.2
	87.3±6.1
	0.567

	80 mins
	79.4±11.1
	77.8±11.5
	0.585
	89.2±7.9
	87.9±6.0
	0.544

	85 mins
	79.6±10.7
	78.1±11.3
	0.662
	89.6±7.8
	88.2±5.8
	0.615

	90 mins
	79.9±10.4
	78.4±11.1
	0.748
	89.7±7.8
	88.4±5.7
	0.673

	2 hr
	80.1±10.4
	79.2±11.1
	0.748
	89.9±7.4
	88.7±5.5
	0.752

	3 hr 
	80.3±10.0
	79.6±11.5
	0.802
	90.3±7.2
	89.6±5.6
	0.836

	4 hr
	81.1±9.8
	81.5±12.9
	0.902
	90.3±7.5
	89.7±5.6
	0.873

	5 hr
	80.2±10.2
	74.2±12.4
	0.774
	90.1±7.3
	89.2±5.5
	0.793

	6 hr
	76.6±12.0
	75.1±12.9
	0.953
	90.3±7.3
	89.7±5.5
	0.922


Table 3 demonstrated that, baseline systolic blood pressure (p=0.817) and diastolic blood pressure (p=0.339) was comparable between the study groups. The mean SBP and DBP remained comparable between both study groups during entire intra-op and post-op follow up period of 6 hours (p>0.05).

Table 3: Comparison of changes in Systolic blood pressure and Diastolic blood pressure among study groups
	
	Systolic blood pressure 

(SBP)
	P
	Diastolic blood pressure (DBP)
	P

	
	Group R

(Mean ±SD)
	Group LB

(Mean ±SD)
	
	Group R

(Mean ±SD)
	Group LB

(Mean ±SD)
	

	0 min 
	132.0±13.6
	132.8±13.1
	0.817
	80.6±8.6
	81.9±9.7
	0.339

	3 mins
	125.9±16.3
	122.3±15.7
	0.378
	75.6±10.7
	73.1±9.8
	0.340

	6 mins
	121.6±16.3
	115.7±25.1
	0.282
	72.4±11.0
	69.8±10.9
	0.361

	9 mins
	118.7±14.7
	117.2±17.0
	0.716
	71.0±9.6
	69.5±8.9
	0.746

	12 mins
	118.5±13.6
	116.2±15.9
	0.545
	71.6±10.2
	67.9±9.5
	0.552

	15 mins
	131.3±13.9
	132.1±11.5
	0.793
	80.6±8.6
	81.2±9.5
	0.339

	20 mins
	118.6±14.7
	116.9±15.1
	0.660
	71.4±9.9
	69.5±8.9
	0.746

	25 mins
	115.6±14.6
	113.3±12.0
	0.506
	69.3±9.7
	68.6±9.2
	0.681

	30 mins
	114.5±14.8
	111.3±8.8
	0.318
	68.7±11.5
	67.2±7.5
	0.770

	35 mins
	114.8±11.9
	110.7±10.0
	0.151
	69.0±9.7
	66.9±6.8
	0.457

	45 mins
	114.9±12.1
	113.3±9.0
	0.571
	70.2±9.4
	68.5±6.1
	0.913

	55 mins
	115.6±11.3
	115.2±9.7
	0.894
	70.6±9.1
	69.9±6.5
	0.659

	60 mins
	117.6±10.2
	116.1±8.5
	0.547
	71.3±8.7
	70.1±6.1
	0.274

	65 mins
	118.3±9.7
	116.9±7.9
	0.542
	71.5±8.5
	70.5±6.0
	0.591

	70 mins
	118.9±9.7
	117.3±7.8
	0.478
	72.4±7.6
	71.1±5.4
	0.666

	75 mins
	120.1±9.9
	118.0±7.7
	0.362
	73.0±7.3
	72.1±5.3
	0.668

	80 mins
	121.1±9.6
	119.5±7.7
	0.480
	73.5±7.1
	72.4±5.2
	0.576

	85 mins
	121.5±9.6
	120.±7.4
	0.520
	73.9±6.9
	72.6±5.0
	0.662

	90 mins
	121.8±9.5
	120.4±7.0
	0.520
	73.9±6.9
	72.6±5.0
	0.748

	2 hr
	122.2±8.9
	121.5±7.1
	0.761
	74.1±6.7
	72.6±4.7
	0.748

	3 hr 
	122.7±9.1
	122.5±9.8
	0.903
	74.3±6.3
	73.4±4.5
	0.802

	4 hr
	122.9±9.0
	122.4±7.3
	0.813
	74.2±6.8
	73.7±4.8
	0.902

	5 hr
	122.5±8.9
	122.0±7.3
	0.832
	74.2±6.5
	73.0±4.6
	0.774

	6 hr
	122.8±9.0
	122.4±7.4
	0.858
	74.3±6.5
	73.5±4.6
	0.953


Table 4 explains that, baseline oxygen saturation was comparable between both study groups (p=0.970). The mean SpO2 remained comparable between both study groups during entire intra-op and post-op follow up period of 6 hours (p>0.05).
Table 4: Comparison of changes in Oxygen saturation among study groups
	
	Oxygen saturation (SpO2)
	P 

	
	Group R (Mean ±SD)
	Group LB (Mean ±SD)
	

	0 min 
	98.3±0.48
	98.3±0.48
	0.970

	3 mins
	99.1±0.25
	99.0±0.18
	0.560

	6 mins
	99.1±0.25
	99.0±0.18
	0.570

	9 mins
	99.1±0.25
	99.0±0.34
	0.590

	12 mins
	99.0±0.18
	99.0±0.18
	0.680

	15 mins
	98.4±0.48
	99.7±0.45
	0.590

	20 mins
	99.2±0.25
	99.0±0.15
	0.670

	25 mins
	99.2±0.25
	99.0±0.15
	0.670

	30 mins
	99.2±0.25
	99.0±0.31
	0.621

	35 mins
	99.1±0.18
	99.0±0.15
	0.356

	45 mins
	98.5±0.48
	99.7±0.42
	0.800

	55 mins
	99.3±0.25
	98.9±0.12
	0.737

	60 mins
	99.3±0.25
	98.9±0.12
	0.364

	65 mins
	99.3±0.25
	98.9±0.28
	0.575

	70 mins
	99.2±0.18
	98.9±0.12
	0.604

	75 mins
	98.6±0.48
	99.6±0.39
	0.675

	80 mins
	99.4±0.25
	98.9±0.09
	0.778

	85 mins
	99.4±0.25
	98.9±0.09
	0.767

	90 mins
	99.4±0.25
	98.9±0.25
	0.678

	2 hr
	99.3±0.18
	98.9±0.09
	0.752

	3 hr 
	98.7±0.48
	99.6±0.36
	0.836

	4 hr
	99.5±0.25
	98.8±0.06
	0.873

	5 hr
	99.4±0.25
	98.8±0.06
	0.793

	6 hr
	99.4±0.25
	98.8±0.22
	0.922


Table 5 shows that mean VAS score was comparable between the groups till 3-hour post-operative period, after that it was significantly less in intrathecal nalbuphine + levobupivacaine group (p<0.01).

Table 5: Mean comparison of study groups as per visual analogue score
	VAS
	Group
	N (Mean ± SD)
	P

	0 hrs
	R
	30(0.0±0.0)
	NA



	
	LB
	30(0.0±0.0)
	

	1 hrs
	R
	30(0.0±0.0)
	NA

	
	LB
	30(0.0±0.0)
	

	2 hrs
	R
	30(0.0±0.0)
	NA

	
	LB
	30(0.0±0.0)
	

	3 hrs
	R
	30(0.0±0.0)
	0.09

	
	LB
	30(0.1±0.5)
	

	4 hrs
	R
	30(3.1±1.6)
	<0.01



	
	LB
	30(1.6±1.6)
	

	8 hrs
	R
	30(4.0±0.9)
	<0.01



	
	LB
	30(3.4±1.0)
	


Table 6 indicates that the mean time for onset of sensory (2.12 vs 2.89 mins; p<0.01) and motor block (2.57 vs 3.28 mins; p<0.01) was faster in LB group compared to R group. Mean duration of both sensory (412.2 vs 346.8 mins; p<0.01) and motor block (317.4 vs 247.2 mins; p<0.01) was significantly more in LB group compared to R group. Mean duration of analgesia, as measured by time for first rescue analgesia was significantly more in LB group as compared to R group (458.8 vs 373.4 mins; p<0.01).

Table 6: Mean comparison of onset and duration of sensory block and motor block characteristics, duration of analgesia among study groups
	
	Group
	N (Mean ±SD)
	P

	Mean Onset of Block (mins)

	Sensory
	R
	30(2.89±0.47)
	<0.01



	
	LB
	30(2.12±0.72)
	

	Motor
	R
	30(3.28±0.49)
	<0.01



	
	LB
	30(2.57±0.60)
	

	Mean duration of Block (mins)

	Sensory
	R
	30(346.8±29.7)
	<0.01



	
	LB
	30(412.2±35.9)
	

	Motor
	R
	30(247.2±26.4)
	<0.01



	
	LB
	30(317.4±48.6)
	

	Duration analgesia (hrs)
	R
	30(373.4±27.7)
	<0.01



	
	LB
	30(458.8±51.3)
	


DISCUSSION
Subarachnoid block is commonly employed for lower limb surgeries, which presents practical constraints in the context of lengthy surgical procedures. The process of discontinuing the effects of a subarachnoid block is highly challenging for the anesthesiologist, uncomfortable for the surgical team and extremely painful for the patients (Kolawole, 2002). In light of this context, the current hospital-based study was conducted to compare the efficacy of hyperbaric levobupivacaine + nalbuphine versus hyperbaric ropivacaine + nalbuphine in subarachnoid block for lower limb surgeries. 

In the current study, the mean time for the onset of sensory and motor block was observed to be more rapid in group LB in comparison to group R. Furthermore, the mean duration of both sensory and motor block was significantly greater in group LB than in group R. It correlated with findings of Govindarao et al., Bilal et al., and Kumar et al., wherein the onset of sensory and motor block was notably quicker in group LB relative to group R, and the duration of the motor block was shorter in group R when compared with group LB (Govindarao, 2018; Bilal, 2019; Kumar, 2017)

Studies conducted by Athar et al., Patel et al., revealed that the mean VAS score was comparable between the groups levobupivacaine and ropivacaine till 3-hour post-op period, however after that mean VAS score was significantly less in group levobupivacaine. Mean duration of analgesia, as measured by time for first rescue analgesia was significantly more in group levobupivacaine compared to ropivacaine (Athar, 2016; Patel, 2018). Our study results are in line with the above studies.  

Samar P et al. indicate that the hemodynamic effects of levobupivacaine are comparatively more stable than ropivacaine (Samar, 2020). Baseline hemodynamic parameters like heart rate, mean arterial pressure, blood pressure and oxygen saturation were comparable between both study groups in our study (p>0.01). The mean value of all these parameters remained comparable between both study groups during entire intra-op and post-op follow up period of 6 hours (p>0.05). 

The research conducted by Mantouvalou et al. indicated a comparable hemodynamic and adverse reaction profile in both groups, with no recorded episodes of bradycardia or hypotension (Mantouvalou, 2008). The study also reported a 10% incidence of nausea in patients administered 3 ml of 0.5% levobupivacaine. Furthermore, a comparative study by Coppejans et al. assessed the effects of spinal levobupivacaine and bupivacaine, demonstrating a lower incidence of hypotension associated with the S-enantiomer levobupivacaine (Coppejans, 2006). No instances of hypotension or bradycardia were observed in any participants within our study cohort whereas a higher incidence of postoperative nausea and vomiting (PONV) was noted among patients who received 3 ml of 0.5% levobupivacaine.

Our findings indicate that nalbuphine serve as a beneficial drug with local anaesthetic agents in spinal anaesthesia for patients undergoing lower limb surgeries. This notably extended the duration of analgesia without prolonging the motor block or causing any adverse effects. In institutions where fentanyl may not be accessible due to licensing constraints, nalbuphine could represent a valuable alternative adjunct (Shah, 2022).

CONCLUSION

Intra-thecal hyperbaric levobupivacaine with nalbuphine in spinal anaesthesia results in a quicker onset and significantly longer duration of sensory and motor block compared to intrathecal ropivacaine with nalbuphine as an adjuvant. Additionally, it extended the time duration that post-operative pain relief was experienced. Intrathecal hyperbaric levobupivacaine can thus serve as a viable substitute for ropivacaine in cases where extended sedation and analgesia are necessary, however ropivacaine should be preferred in short surgical procedure where early ambulation is warranted.
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