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ABSTRACT

Background: Spinal anaesthesia is the most preferred and widely used anaesthetic technique for elective lower-segment
caesarean section, which offers less exposure to the potentially depressant drugs of general anaesthesia and allows early
bonding between the mother and newborn as the mother is awake throughout the procedure. Levobupivacaine and
Ropivacaine, are the two new long-acting amino amide local anesthetics available for clinical use. This study aimed to
clinical efficacy, safety and haemodynamic changes of spinal anaesthesia with 0.5% hyperbaric Levobupivacaine versus
0.5% hyperbaric Ropivacaine.

Methods: The study groups were divided into two, named group L and group R. The total sample size was 132 (66
patients in each group). Patients in Group L received 2.4 ml of 0.5% hyperbaric Levobupivacaine and Patients in Group
R received 2.4 ml of 0.5% hyperbaric Ropivacaine.

Results: Group R showed a quicker onset of sensory block and a faster 2-segment regression. On the other hand, Group
L displayed a shorter duration of motor block. Both drugs showed promise for use in lower segment caesarean section
with no significant side effects. The sensory and motor characteristics of both drugs are similar.

Conclusions: The intrathecal hyperbaric Ropivacaine showed a faster onset of sensory block, while hyperbaric

Levobupivacaine led to earlier motor block regression in elective lower segment caesarean section.
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INTRODUCTION

Spinal anaesthesia is the most preferred and widely used
anaesthetic technique for elective lower-segment
caesarean section.! Spinal anaesthesia offers less exposure
to the potentially depressant drugs of general anaesthesia
and allows early bonding between the mother and newborn
as the mother is awake throughout the procedure.
Hyperbaric Bupivacaine is a widely used local anaesthetic
in spinal anaesthesia for caesarean section. A commercial
preparation of hyperbaric bupivacaine contains a racemic
combination (50:50) of two enantiomers: levobupivacaine,

the S (-) isomer, and dextro-bupivacaine, the R (+)
isomer.? Although bupivacaine has a remarkable record of
safety, their use is not totally without risk, its severe central
nervous system (CNS) and cardiovascular adverse
reactions following inadvertent intravascular injection has
limited its use in recent clinical practice. This led to the
quest for searching newer and safer anaesthetic agents for
spinal anaesthesia.

Levobupivacaine and Ropivacaine, are the two new long-
acting amino amide local anesthetics available for clinical
use. The development of these new drugs is prompted by
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the need for a wider safety margin while preserving the
desirable pharmacodynamic properties of bupivacaine.’*

Levobupivacaine presents an intriguing option as a
substitute for bupivacaine in spinal anaesthesia.’® After
intrathecal injection, surgical sensory and motor block of
similar characteristics and recovery over equal dose ranges
of levobupivacaine and bupivacaine is demonstrated both
in healthy volunteers and confirmed in surgical patients.®
Sensory and motor block sets in more quickly when
hyperbaric levobupivacaine is used as opposed to isobaric
levobupivacaine.” Levobupivacaine and ropivacaine cause
motor block regression earlier than bupivacaine.® Recent
research has verified that levobupivacaine possesses a
superior neurotoxic profile compared to racemic
bupivacaine, suggesting a safer clinical profile for
levobupivacaine.’

Ropivacaine, a novel long-acting amide local anaesthetic,
shares structural and pharmacodynamic similarities with
bupivacaine. Due to its reduced risk of central nervous
system and cardiac toxicity, it is gaining popularity as it
allows for early mobilization and discharge while
providing effective postoperative pain management.'?
Ropivacaine is well-tolerated when used intrathecally,
resulting in a shorter sensory block duration and milder
motor block compared to bupivacaine. Additionally,
intrathecal ropivacaine is associated with fewer
hemodynamic side effects than intrathecal bupivacaine.!!

Hyperbaric ropivacaine and levobupivacaine have been
the subject of only a few comparative studies. Our study
will utilize hyperbaric solutions due to their ability to
produce consistent block characteristics and provide more
dependable spinal anaesthesia compared to plain
solutions.'? So, our study will be comparing the efficacy of
hyperbaric levobupivacaine and hyperbaric ropivacaine in
parturients undergoing elective caesarean section.

METHODS

A randomized clinical study was conducted in the
Department of Anaesthesiology, Regional institute of
medical sciences (RIMS), Imphal, Manipur from May
2022 to April 2024 consisting of 132 patients totally. The
permission of the Research Ethics Board, RIMS, Imphal,
Manipur was obtained before initiating the study.
Informed written consent were taken from all patients.

Inclusion criteria

Inclusion criteria includes age between 18 to 45 years,
ASA (American Society of Anaesthesiology) category 1
and 2 and single term pregnancy.

Exclusion criteria

Exclusion criteria includes history of allergic to the study

drugs, pregnancy induced hypertension, cardiovascular
co-morbidities, central nervous system disease, bleeding

tendency, local site infection, weight <50kg or >110kg,
height <140cm or >180cm, respiratory diseases, kidney
diseases, spinal deformities and uncooperative or
unwilling patients.

Pre-operative assessment was done one day before the
scheduled day of surgery and a good rapport was
established with the patients. Eligible patients fulfilling the
inclusion criteria were informed about the entire
anaesthetic procedure including drugs used and a written
informed consent was sought. The consenting patients
were enrolled in the study. All the patients included in this
study were kept fasting for 6 hours before caesarean
section. At the start of each case, the gynaecologist was
informed about the local anaesthetic going to be used. All
the patients were assessed preoperatively for the vitals and
a good peripheral line was secured and preloading of
Ringer Lactate @ Sml/kg over 30 mins was done along
with the standard monitoring setup like ECG, Non-
invasive blood pressure (NIBP) and pulse oximeter was
connected. Baseline parameters such as heart rate, systolic
blood pressure, diastolic blood pressure, mean arterial
pressure and oxygen saturation were recorded. patients
were premedicated with injection Pantoprazole 40mg I'V.

The study groups were divided into two, named Group L
and Group R. The total sample size was 132 (66 patients
in each group). Patients were allocated by using block
randomization chart. Codes were assigned to each
participant. Randomization was done and the study drug
were prepared by another Anaesthesiologist not involved
further in the study, in identical 5 ml syringes labelled as
the “study drug” outside the operation theatre with codes.
Patients in Group L received 2.4 ml of 0.5% hyperbaric
Levobupivacaine and Patients in Group R received 2.4 ml
of 0.5% hyperbaric Ropivacaine. Spinal anaesthesia was
performed in the left lateral position with a 25-gauge
Quincke needle using a midline approach at L2-3 or L3-4
interspace. With the spinal needle bevel facing cephalad,
once free flow of clear cerebrospinal fluid is obtained, the
study drug was injected over 10 seconds without barbotage
or aspiration. After the injection of the spinal medication,
the patients were turned supine with left uterine
displacement. Oxygen was administered at 4L/min via a
face mask. Maternal heart rate and blood pressure were
measured with an automatic, non-invasive device. The
table was kept horizontally at zero degrees without any
position manipulation after the study drug is administered.
The assessments of sensory block to pinprick were
performed at 2, 4, 6, 8, 10, and 15 min after the intrathecal
injection and then every 5 mins until 45 mins. Then, the
sensory block was checked every 15 mins for the second
hour and every 30 mins for the third hour. Results of the
pinprick test was determined bilaterally at the
midclavicular level by using a short bevelled 27-gauge
needle. Blood pressure, heart rate, and the extent of motor
block were recorded at the same measurement interval.
Considering the time of intrathecal injection as time zero,
the time to onset of sensory block, the time taken to reach
maximum sensory block level, the time to regression of
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two dermatomes of the sensory block and the duration of
the sensory block level were recorded. Motor block in the
lower limbs was assessed by using a modified Bromage
scale. The time of onset of motor block, the time to reach
Bromage 3 and the duration of motor block was recorded.

Permission to perform operation was given once a T4-T6
level had been achieved. Bradycardia was defined as a
pulse rate <50 beats per minute, and it was treated with 0.6
mg IV atropine. Hypotension was defined as a decrease in
systolic blood pressure >30% from baseline, was initially
treated with IV bolus of Sml/kg ringer lactate and if needed
inj. Mephentermine 3mg IV given. Fluids were
administered to  replace intraoperative  losses.
Intraoperative and post-operative nausea and vomiting,
and other side-effects were also recorded.

Data was collected in predesigned proforma. Baseline
information like age, weight, ASA grading, HR, BP, SpO;
and block characteristics was recorded preoperatively.
The findings and observations made during the entire
study was entered in IBM SPSS version 26.0 for Windows
software (Armonk, NY: IBM Corp; 2020). The two groups
were analysed using student t-test. To compare qualitative
data like side effects (nausea, vomiting) between the two
groups, Chi-square test was used. A p value of <0.05 was
considered statistically significant.

RESULTS

Figure 1 depicts the mean and standard deviation of the
age, weight, and height of the participants in the two study
groups. It is seen that there is no significant difference
between the two groups. we can be conferred that there is
no difference in terms of age, weight and height of the
patients that can affect the two study drugs.
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Figure 1: Demographics of the study participants.

Figure 2 display significant decrease in heart rate with
Group R compared to Group L based on independent t-test
results. a significant difference in heart rates, with Group
R showing a greater decrease than Group L (p<0.05).

Figure 3 display significant decrease in SBP in Group L
compared to Group R, at 2 and 30 minutes (p<0.05). A

significant decrease in SBP in Group L compared to Group
R, at 2 minutes and 30 minutes (p<0.05). Preoperative SBP
values were similar in both groups.
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Figure 2: Trend of mean heart rate (bpm) among the
study participants.
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Figure 3: Trend of mean SBP (mmHg) among the
study participants.
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Figure 4: Trend of mean DBP (mmHg) among the
study participants.

Figure 4 shows the result of independent t-test on mean
change in DBP from baseline. There is significant fall in
DBP in Group L than Group R (p<0.05). A notable
reduction in DBP is observed in Group L compared to
Group R at 20, 25, 30, 35, 40, 45, 55, 105, and 120
minutes.
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Figure 5: Trend of mean MAP (mmHg) among the
study participants.

Figure 5 shows the results of independent t-test for mean
MAP changes from baseline. There is significant decrease
in MAP on Group L than Group R, p<0.05. Notably, there
is a significant reduction in MAP in Group L compared to
Group R, at 4, 6, 15, 20, 25, 30, 35, 40, 45, 105, and 120
minutes (p<0.05).

Table 1 illustrates the sensory and motor block traits of the
study medications. Group R showed a quicker onset of
sensory block and a faster 2-segment regression. On the
other hand, Group L displayed a shorter duration of motor
block. These findings were statistically significant
(p<0.05).

Table 2 displays the various side effects linked to the study
drugs and whether mephentermine (vasopressor) was
used.

Table 1: Sensory and motor block characteristics of Group L and Group R.

Block characteristics Study group Mean SD P value

. R 12.82 2.79
Sensory onset time (seconds) L 20.18 622 0.000
) R 201.33 56.07
Time to block T6 (seconds) L 218.94 6721 0.105
. R 303.38 71.71
Time to block T4 (seconds) L 30022 63.07 0.883
Time to peak sensory block level R 307.08 66.18 0211
(seconds) L 292.03 71.22 ’
Time to 2 segment regression R 71.85 9.03 0.000
(minutes) L 78.35 11.46 )
. R 55.02 18.36
Motor block onset time (seconds) L 49,39 15.65 0.061
. R 115.09 32.99
Time to reach Bromage 3 (seconds) L 106.14 3,77 0.126
. . R 107.74 11.74
Motor block duration (minutes) L 100.29 16.35 0.003

*An independent t-test was utilized for hypothesis testing, with a significance level set at p-value <0.05

Table 2: Depicting the side effects associated with the study drugs and vasopressor use.

| Side effects . ean SD ean SD P value
Mephentermine used IS\('Ieos gg ;‘g gg 451%461 0.598
p— LR S —— T —
Bradycardia Eff és 4118.06 26 20.4 !

LT TH | E—T —Y
LT —)
LT — —
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Figure 6 displays the distribution of adverse effects linked
to the study drugs. The side effects observed in both groups
are similar and not statistically significant (p<0.05) based
on the chi-square test. Group L showed no bradycardia
during the study.

Figure 6: Displays the distribution of adverse effects
linked to the study drugs.

DISCUSSION

The choice of anaesthetic technique for a caesarean section
depends on several factors, including urgency, the patient's
existing health conditions, their preferences, as well as the
skills and preferences of the anaesthesiologists and
surgeon. Typically, regional anaesthesia is the preferred
option due to the unique conditions of pregnancy, unless
there are specific contraindications. Regional anaesthesia
offers benefits such as quicker recovery of gastrointestinal
functions post-surgery, improved postoperative pain relief,
early patient mobilization after surgery, enhanced bonding
between the mother and baby, and reduced risk of drug
toxicity for both mother and child."

Bupivacaine introduced in 1963, an amino-amide
compound, quickly became a highly effective long-acting
local anaesthetic. However, in 1979, Albright highlighted
the risks associated with bupivacaine and etidocaine, as
accidental intravascular access could lead to dangerous
cardiac rhythm abnormalities and cardiac depression,
potentially resulting in cardiac arrest. These drawbacks of
the original anaesthetic led to the creation of a newer agent
called Ropivacaine.!'* The motivation behind creating the
newer stereo-selective, single enantiomer amide local
anaesthetic agents, Ropivacaine and Levobupivacaine,
stemmed from cases of fatal cardiac toxicity in pregnant
women who received epidural bupivacaine and etidocaine
during caesarean sections. '’

Commercial bupivacaine consists of a racemic mixture of
(R)- and (S)- stereoisomers. To address the risk of
cardiotoxicity due to accidental intravenous bupivacaine
injection, single enantiomers were developed for safety.
Ropivacaine and levobupivacaine were created to utilize

this stereoselectivity. Ropivacaine, a single (S)-
stereoisomer, differs from levobupivacaine by substituting
a propyl group for the butyl group on the piperidine ring.
These structural changes aimed to reduce cardiotoxicity.'®
Ropivacaine, a long-acting amide local anaesthetic, shares
structural and pharmacodynamic characteristics with
bupivacaine. Ropivacaine exhibits a lower negative
inotropic effect on isolated cardiac tissue compared to
bupivacaine. These variances in electrical and mechanical
effects might stem from bupivacaine's selective inhibition
of Ca®" currents.

A clinical study comparing lumbar epidural 0.5%
Bupivacaine with 0.75% Ropivacaine showed no
significant differences in motor or sensory impact at these
concentrations. Overall, Ropivacaine seems slightly less
potent than Bupivacaine (1:1.3 to 1:1.5) for regional
anaesthesia. Some studies indicate that Ropivacaine
produces shorter-lasting blocks than Bupivacaine in
certain laboratory and human trials.! Research findings,
along with information from a preliminary study,
concluded that 18 mg of 0.5% hyperbaric Ropivacaine had
similar effects to 12 mg of 0.5% hyperbaric bupivacaine
for spinal anaesthesia during caesarean delivery.!” The
effectiveness and appropriate dosage of spinal ropivacaine
for caesarean section remains uncertain.

In our present study, 132 patients aged between 18-45
years were recruited and allocated into two groups by
block randomization. Group L received 2.4ml of 0.5%
Hyperbaric Levobupivacaine and Group R received 2.4ml
of 0.75% Hyperbaric Ropivacaine. No patients were
excluded from the study; all participants were included as
per sample size calculation. There was no difference in
terms of age, weight and height of the patients that can
affect the two study drugs. The clinical efficacy and safety
of spinal anaesthesia with 0.5% hyperbaric ropivacaine
compared with 0.5% hyperbaric bupivacaine for elective
caesarean delivery was studied by Chung et al.”
Ropivacaine produced a shorter duration of motor
blockade than bupivacaine and Onset time of sensory
block to T10 or to peak level was later in the Ropivacaine
group in their study. While in our study, 0.75% hyperbaric
Ropivacaine had a faster sensory onset with motor
regression later than 0.5% hyperbaric levobupivacaine,
which was statistically significant (p<0.05).

Al-Abdulhadi et al conducted a comparative study on
hyperbaric spinal Ropivacaine (15 mg) and hyperbaric
spinal Bupivacaine (11.25 mg) with 0.1 mg of
preservative-free morphine and 0.01 mg of fentanyl for
elective caesarean delivery.!® Their findings showed
similarities in achieving T10 or T6 block levels and
maximal sensory block levels between the two groups. The
study concluded that using 15 mg of hyperbaric
Ropivacaine for spinal anesthesia in caesarean sections
resulted in higher patient satisfaction levels due to the
shorter duration of sensory and motor blocks compared to
using 11.25 mg of hyperbaric Bupivacaine. Additionally,
the onset of sensory block was quicker in the Ropivacaine
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group than previously reported. The Ropivacaine group
also experienced later regression of motor block. Peak
sensory block level, time to reach peak sensory level, and
onset of motor block did not show statistically significant
differences between the two groups.

Bremerich etal conducted a study to compare fixed doses of
intrathecal hypertonic Levobupivacaine 0.5% (10mg) and
Bupivacaine 0.5% (10mg) combined with either
intrathecal Fentanyl (10 and 20 microgram), or Sufentanil
(5 microgram) in elective caesarean delivery."”
Levobupivacaine produced significantly shorter and less
pronounced motor blockade than racemic bupivacaine
regardless of the kind and dose of opioids added. Duration
of motor block Bromage 3 shorter than bupivacaine group.
Adding Sufentanil 5 pg to either local anaesthetic
significantly prolonged duration of effective analgesia
compared to supplemental Fentanyl 10 or 20 pg.

The study conducted by Kulkarni et al compared
hyperbaric 0.5% Ropivacaine and 0.5% hyperbaric
Bupivacaine for spinal anesthesia in patients undergoing
elective infraumbilical surgeries.”’ The findings revealed
that compared to Bupivacaine, the Ropivacaine had a
slower onset and a shorter duration of sensory block.
Patients who received Ropivacaine had a faster recovery
from motor blockade and an earlier return of urinary
function. Guler et al conducted a comparative study
between plain Levobupivacaine and hyperbaric
Bupivacaine for spinal anaesthesia during caesarean
sections.?! The findings indicated that hyperbaric
Bupivacaine resulted in prolonged sensory block durations
but quicker onset of motor block. Moreover, hyperbaric
Levobupivacaine demonstrated a lower incidence of
adverse effects such as hypotension and nausea.

Cappelleri et al conducted a study comparing small doses
of  hyperbaric Ropivacaine and hyperbaric
Levobupivacaine in the context of unilateral spinal
anaesthesia for knee arthroscopy.? Their research revealed
that hyperbaric Ropivacaine induced a predominantly
unilateral sensory blockade in 73% of participants, leading
to faster recovery and home discharge times compared to
hyperbaric Levobupivacaine. Specifically, doses of 7.5
mg hyperbaric ropivacaine and 5 mg hyperbaric
levobupivacaine were associated with expedited recovery
and discharge, surpassing the effects of a 7.5 mg dose of
hyperbaric levobupivacaine. In a study by Dar et al, the
effectiveness and safety of intrathecal hyperbaric
Ropivacaine were compared with hyperbaric Bupivacaine
in patients undergoing limb and hip surgeries.?* The study
revealed that the mean onset of sensory block was
significantly slower in the Ropivacaine group compared to
the Bupivacaine group. Furthermore, the duration of the
sensory block was notably shorter in the Ropivacaine
group compared to the Bupivacaine group. Consequently,
the study concluded that intrathecal use of hyperbaric
Bupivacaine leads to a faster onset of sensory block and
longer-lasting analgesic effects compared to hyperbaric
Ropivacaine.

Luck et al conducted a comparative study examining the
clinical effects of hyperbaric Bupivacaine for spinal
anesthesia in comparison to hyperbaric Levobupivacaine
and hyperbaric Ropivacaine.'® In this study, 60 ASA grade
I-II patients undergoing elective surgery under spinal
anesthesia were randomly assigned to receive 3 ml of
Bupivacaine, Levobupivacaine, or Ropivacaine, each at a
concentration of 5 mg/ml. The study concluded that
hyperbaric Ropivacaine offers dependable spinal
anaesthesia of a shorter duration compared to hyperbaric
Bupivacaine or hyperbaric Levobupivacaine, with both
latter exhibiting similar clinical effects. Notably, the
recovery profile of ropivacaine may be particularly
advantageous in scenarios necessitating  prompt
mobilization.

Sanansilp et al conducted a double-blinded prospective
study involving 20 patients who underwent gynaecologic
surgery with a lower abdominal incision.” The study aimed
to compare the effects of intrathecal hyperbaric
Levobupivacaine versus isobaric Levobupivacaine.
Patients were randomly assigned to receive 3 ml of either
isobaric or hyperbaric 0.42%  Levobupivacaine
intrathecally. In conclusion, hyperbaric Levobupivacaine
demonstrated more consistent sensory block levels and
exhibited greater efficacy for surgeries involving a lower
abdominal incision.

In our study, we conducted a comparative analysis of
equipotent doses of hyperbaric Levobupivacaine and
hyperbaric Ropivacaine, focusing on their clinical
efficacy, safety profiles, hemodynamic impacts, as well as
sensory and motor block attributes. Notably, hyperbaric
Ropivacaine exhibited a swifter onset of sensory block,
whereas hyperbaric levobupivacaine resulted in earlier
regression of motor block. These observations yielded
statistically significant results (p<0.05). Peak sensory
block level, time to peak sensory level attainment, and
motor block onset were comparable across both groups and
lacked statistical significance. The occurrence of adverse
effects like hypotension, bradycardia, nausea, vomiting,
and shivering displayed similarity between the two groups,
without statistical significance. Limited studies exist that
juxtapose the effectiveness of intrathecal hyperbaric
Levobupivacaine and hyperbaric Ropivacaine specifically
for elective caesarean sections. Most investigations
concerning these anaesthetic agents are confined to lower
abdominal surgeries excluding pregnant individuals.
Hence, further research is imperative to establish the
efficacy and safety profiles of hyperbaric Ropivacaine and
hyperbaric Levobupivacaine in pregnant individuals.

CONCLUSION

The present results show that intrathecal anaesthesia
provides optimal environment during elective caesarean
section. My study drugs, hyperbaric levobupivacaine and
hyperbaric ropivacaine were considerably safe with no
significant side effects like hemodynamic instability,
bradycardia, nausea, vomiting and shivering. The
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intrathecal hyperbaric ropivacaine showed a faster onset of
sensory block, while hyperbaric levobupivacaine led to
earlier motor block regression in elective lower segment
caesarean section. Both drugs show promise for use in
lower segment caesarean section with no significant side
effects. The sensory and motor characteristics of both
drugs are similar.

Recommendations

Doppler parameters and clubbed it with all adverse
outcomes including perinatal deaths and nursery
admissions. Martinez et al studied small-for-gestational-
age group and concluded that middle cerebral artery
vasodilation was associated with the highest risk of
cesarean delivery (p<0.001) and cesarean delivery for
nonreassuring fetal status (p<0.001) and also increased
risk of neonatal acidosis (odds ratio, 9.0).
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