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Abstract

Background and Aims: Hyperbaric 0.75% ropivacaine has been widely used nowadays due to early recovery
and better safety profile. We planned this study to compare the effect of intrathecal hyperbaric 0.75%
ropivacaine and hyperbaric 0.5% bupivacaine in spinal anesthesia for lower limb orthopedic surgeries to
evaluate effect on post spinal hypotension, sensory motor block characteristics and adverse effects.

Materials and Methods: 170 Patients were randomly allocated into 2 groups of 85 patients each in Group B
and R to receive subarachnoid block with 2.8 ml (14 mg) of 0.5% hyperbaric bupivacaine and 2.8 ml (21 mg) of
0.75% hyperbaric ropivacaine, respectively. The primary outcome measured was the incidence of hypotension.
The secondary outcomes measured were vasopressor requirement, onset and duration of sensory-motor block,
peak sensory level attained, degree of motor block, hemodynamic profile and adverse effects. P < 0.05 was
considered statistically significant.

Results: Group R patients had significantly lower incidence of hypotension (23.52 % vs 49.41%, p=0.000) and
bradycardia (3.5% vs 11.76%, p=0.043) compared to group B. The mean time for the onset of sensory-motor
block was faster in Group B. The duration of analgesia and sensory and motor block duration were lesser in
ropivacaine group. The patients in ropivacaine group exhibited a lesser degree of motor block as compared to
bupivacaine group. Median peak sensory level and hemodynamic parameters in both groups were statistically
comparable.

Conclusion: Despite a slower onset time of block and reduced duration of analgesia, intrathecal hyperbaric
ropivacaine provides a better alternative to intrathecal hyperbaric bupivacaine for lower limb orthopedic
surgeries by providing a shorter duration of sensorimotor block, a lesser degree of motor block, and a stable
hemodynamic profile, thus allowing early ambulation.
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Introduction

Lower limb orthopedic surgeries require reliable
and safe anesthesia to ensure patient comfort,
optimal surgical conditions, and early postoperative
recovery. Spinal anesthesia (SA) is the preferred
modality for these procedures, benefiting from
rapid onset, dense sensory and motor blockade,
minimal respiratory compromise, and reduced risk
of thromboembolic events and cost effective
compared to general anesthesia (GA). [1] The
selection of intrathecal local anesthetic is crucial in
determining the quality and safety of the spinal
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block. Traditionally, bupivacaine has been the
cornerstone agent due to its potent and prolonged
sensory and motor blockade, but concerns about its
cardiotoxicity and central nervous system toxicity
[2] have prompted clinicians to seek alternatives,
especially for patients with cardiovascular risk
factors or advanced age. Ropivacaine, a pure levo-
isomer is developed as a safer alternative to
bupivacaine, shares a similar chemical structure but
is less lipophilic and selectively blocks pain fibers
over motor fibers. [3] This results in earlier motor
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recovery, decreased risk of cardiotoxicity, and
potentially lower incidence of spinal anesthesia-
induced hypotension compared to racemic
bupivacaine. [4] Hyperbaric formulations achieved
by adding dextrose to local anesthetic solutions
allow controlled and predictable intrathecal spread,
contributing to block reliability, hence preferred
during spinal anesthesia.

Recently, hyperbaric formulation of 0.75%
ropivacaine by adding 8% dextrose have been
made commercially available and gradually being
studied for clinical efficacy and safety profile in
spinal anesthesia for lower limb orthopedic
surgery. [5,6] Motor block potency ratio for
ropivacaine/bupivacaine are reported to be 0.59%
(95% C.1.,0.42-0.82). [7] Hence equipotent doses
of ropivacaine and bupivacaine are considered
when used in ratio of 1.5:1, [8] that's why
commercial preparation of hyperbaric ropivacaine
comes as 0.75% compared to hyperbaric
bupivacaine which is available as 0.5%. They were
compared using equal volume of both agents as
considering equipotent doses in various surgeries
such as infraumbilical surgeries, lower limb
orthopedic surgeries, [5,6] TURP, [9] and
Cesarean. [10] Despite the commercial introduction
of hyperbaric ropivacaine, well powered evidence
regarding the beneficial effect of ropivacaine on
reducing post spinal anesthesia hypotension
particularly in lower limb orthopedic surgery are
sparce. Most of the existing studies were done with
the primary end point to evaluate effect on duration
of analgesia [5] or duration of sensory block, [6]
though they mentioned better hemodynamic
stability with ropivacaine but they were not
powered enough to evaluate its effect on incidence
of postspinal hypotension, which prompted us to
conduct this research.

With this background, we conducted this
prospective randomized double-blind study to
compare 2.8ml of 0.75% hyperbaric ropivacaine
versus 2.8ml of 0.5% hyperbaric bupivacaine in
spinal anesthesia for lower limb orthopedic surgery
to evaluate effect on postspinal hypotension as
primary objective. The secondary objectives were
to compare effects on sensori-motor block
characteristics (onset, extent, and duration), clinical
efficacy, hemodynamic profile and adverse effects.

Materials and Methods

After taking approval from institutional ethical
committee and written informed consent from
patients, this prospective randomized double-blind
study with parallel arm and equal allocation was
conducted in the trauma centre of RNT Medical
College, Udaipur, and Rajasthan from 1 April 2024
to 30 April 2025. The Codes of Helsinki
declaration and good clinical practices (GCP)
guidelines were followed during this study.
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The sample size was calculated based on a previous
study by Kalbande et al (2024) [11] who reported
incidence of hypotension as 21.87% with
hyperbaric bupivacaine and 6.25% with hyperbaric
ropivacaine group. For present study, superior trial
of proportion to declare hyperbaric ropivacaine
superior to bupivacaine to detect minimum
difference in incidence of hypotension of 15%
(assumed) between two groups, with power of 80%
and 95% confidence interval minimum sample size
was required as 78 patients in each group. To
compensate for 10% dropout, we took 85 patients
in each group. A total of 170 patients undergoing
lower limb orthopaedic surgery for fracture femur
and tibia fixation under spinal anesthesia (SA)
belonging to 18-65 yr age, of either gender, ASA
grade I/II were included in the study.

The exclusion criteria for the study were ASA
grade III or more, patient refusal, allergy to study
drugs, coexisting medical illness, short stature (<
145 cm), obesity (BMI > 30 kg/m?), total hip
replacement or total knee replacement and any
contraindication for spinal anesthesia.

A total of 170 patients who filled the selection
criteria were enrolled for the study. Patients were
randomized into two groups of 85 each using block
randomization and opaque sealed envelope
technique was followed for allocation concealment.

To ensure double blindness to the study one
anesthesiologist prepared the study drugs as per
group allocation and was not further involved in the
study. Another anesthesiologist who was not aware
of group allocation administered study drugs,
managed intraoperatively and recorded
preoperative, intraoperative and postoperative data.
The patient, surgeon and postoperative nurse staff
were also not aware about group allocation.

Group R (n =85) patients received 2.8 ml 0.75%
hyperbaric ropivacaine (Inj ROPIN Heavy 4 ml,
each ml containing 7.5mg  ropivacaine
hydrochloride with 80 mg dextrose, by Neon
Laboratories Ltd, Mumbai India).

Group B (n =85) patients received 2.8 ml 0.5%
hyperbaric ~ bupivacaine  (Inj Bupivacaine
hydrochloride with dextrose 4 ml, each ml
containing 5 mg bupivacaine hydrochloride with 80
mg dextrose, by Zen Pharma Gujarat, India).

Preanesthetic examination including history,
physical examination and review of investigations
was done a day before surgery. Methods of sensory
- motor block assessment were explained to the
patients and they were instructed to follow standard
fasting guidelines. Upon arrival in operation
theatre, standard monitoring including five lead
electrocardiogram (ECG), non - invasive blood
pressure (NIBP) and pulse oximetry (peripheral
oxygen saturation SpO2), was applied and baseline
vital parameters as heart rate (HR), systolic blood
pressure (SBP), diastolic blood pressure (DBP),
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mean arterial pressure (MAP) and SpO2 were
recorded. After securing two 18G/ 20G peripheral
intravenous cannula, preloading with 500 ml
Ringer lactate was done in all cases. Using a strict
aseptic technology, subarachnoid block (SAB) was
performed at L4 - L5 interspace with the patient in
sitting position, using 25G Quincke spinal needle
via midline approach. After getting the free flow of
cerebrospinal fluid (CSF) study drug was injected
into subarachnoid space as per group allocation.
Sterile dressing was applied and the patient was
turned supine. End of intrathecal injection was
noted as time zero (TO) for all further data
recording.

Sensory block was assessed using a short bevelled
24G needle bilaterally in midclavicular line and no
perception to pinprick was considered as sensory
block.

Motor block was assessed using Modified Bromage
Scale as follows:

e 0 =able to flex hip, knee and ankle (no motor
block)

e | =able to move knee and ankle but unable to
flex hip, i.e. unable to raise extended leg,
(partial motor block)

e 2 = able to flex ankle, unable to flex hip and
knee (almost complete motor block)

e 3 =unable to move any part of the lower limb
(complete motor block)

Sensory and motor block were assessed every 3
minutes after intrathecal injection till 15 minutes.
Target sensory level of TI12 or above and
Maximum Bromage Score of 2 or 3 were criteria to
allow start of surgery. If the patient complained of
pain at the surgical site or Modified Bromage Score
0 or 1 at 15 minutes, the case was declared as failed
spinal and converted to general anesthesia and was
excluded from the study.

The time to reach T12 (Sensory onset), Peak
Sensory Level (PSL), Maximum Bromage Score
(MBS) achieved and time to reach MBS (motor
onset) were recorded. Vital parameters including
HR, SBP, DBP, MAP, Spo2 were recorded every 5
minutes till 15 minutes and thereafter every 15
minutes till completion of surgery. Hypotension
was defined as a fall in MAP > 20% of baseline or
MAP < 65 mm Hg or SBP < 90 mm Hg, and
treated with injection mephentermine 6 mg in
graded doses till desired effect is achieved.
Phenylephrine 50 microgram dose was added after
the maximum dose of mephentermine 30 mg. If
hypotension was still not corrected, Injection
noradrenaline infusion (2-10 pg/min) was started.
Incidence of post spinal hypotension was
calculated, both in terms of number (%) of patients
who experienced hypotension as well as cumulative
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incidence of hypotension in each group calculated
as one episode = one incidence of hypotension.

Bradycardia was defined as fall in HR <55 per
minute and treated with injection atropine 0.4mg in
graded doses till the desired effect was achieved.
Nausea and vomiting were treated with injection
ondansetron 4 mg IV. Shivering was treated with
injection tramadol 100 mg. Intraoperative fluid was
administered as injection Ringer lactate 8-
10ml/kg/hr  and  increased as per losses.
Hydroxyethyl starch (500ml) and blood transfusion
were given if needed as per blood loss to maintain
hemodynamic stability and data were recorded. All
patients were urinary catheterized to record urine
output.

The duration of surgery was recorded from skin
incision to last suture. If patient complained of
intraoperative pain inj. fentanyl (50-100pg) or
midazolam (Img) and ketamine (1-2mg/kg) were
administered and case was defined as “partial
success”. If pain was not relieved, the case was
converted to general anesthesia with intubation and
defined as “failed”. If surgery was completed in
spinal anesthesia without need of supplementation,
the case was defined as “complete success”.
Clinical efficacy was calculated for each group as
the proportion of patients with “complete success”.

Postoperatively, sensory and motor block were
assessed every 30 minutes till sensory block
regressed to S1 (sensory block duration) and motor
block returned to Bromage Score 0 (motor block
duration). Time of first pain postoperatively was
defined as duration of analgesia and injection
diclofenac 75mg iv was given as per hospital
protocol. Patients were reviewed for 24 hours to
note any adverse effects and treated accordingly.

The primary outcome measured in the study was
incidence of postspinal  hypotension  and
vasopressor requirement. The secondary outcomes
measured in the study were sensory onset, motor
onset, peak sensory level, Maximum Bromage
score, clinical efficacy, duration of sensory block
and motor block, hemodynamic profile, and
adverse effects.

Statistical Analysis: Data were entered in MS
Excel and analysed using SPSS version 20. At the
outset normality of data was checked by Shapiro
Wilk Test. Categorical data were presented as
number (Proportion) and compared with Chi-
square test or Fischer Exact test. Quantitative data
were expressed as mean + SD and compared with
Student t test. Ordinal data were expressed as
median (interquartile range IQR) and compared
with Mann Whitney U test. P < 0.05 was
considered as statistically significant.

Results

Total 190 patients were assessed for eligibility and
20 were excluded (12 for uncontrolled medical
illness, and 8 declined to participate), remaining
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170 patients received allocated intervention and
completed the study with no loss to follow up.
(Figure 1)

Both groups were comparable regarding mean age,
height, weight, sex, ASA grade, type of surgery and
its duration (Table 1). Peak sensory level [(Median
T10) IQR(T10-T12)] and Maximum Modified
Bromage score [(Median B3) IQR(3-3)] were
found in both groups and were comparable (P >
0.05). None of the patients required anesthetic
supplementation in any group (Table 2). There was
no significant difference in two groups regarding
fluid received, blood transfusion and urine output,
P>0.05. (Table 1)

Hypotension (primary outcome) was observed in
20 (23.52%) patients in Group R which was
significantly less as compared to 42 (49.41%)
patients in Group B, P = 0.000. Cumulative number
of episodes of hypotension were also significantly
less in Group R (23 episodes) than in Group B (58
episodes), P = 0.000. Patient distribution showed
that a significantly greater number of patients in
Group B had 2 or 3 episodes of hypotension as
compared to very few in Group R, P=0.000.
Cumulative rescue vasopressor (mephentermine)
requirement was significantly less in Group R as
compared to in Group B both in terms of number of
doses (23 versus 58, P = 0.000) and dose in mg
(138 versus 348, P=0.000). (Table 2)
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Mean value of MAP was significantly less in
Group B as compared to Group R at 15 min (85.80
vs 89.98; P=0.003) and 30 min (82.36 vs 86.51;
P=0.005). At other time intervals of study MAP
was comparable in two groups, (P > 0.05). There
was no significant difference in mean HR in two
groups at any time interval of study; P > 0.05.
(Figure 2)  Sensory and motor onset were
significantly earlier in Group B compared to group
R (P=0.000 and P=0.000 respectively). However,
this difference was <1.5 min so could not make
much clinically significant difference in study.
Target peak sensory level of T12 and Maximum
Bromage Score of 3 was achieved in all patients in
both groups and surgery was completed in all
patients without need of any supplementation.
Hence, clinical efficacy of both agents was found
100% in our study. The duration of analgesia,
sensory block duration, and motor block duration
were significantly shorter in Group R than in Group
B (P =0.000) (Table 3). Incidence of bradycardia
was also significantly more in Group B (n=8,
11.76%) than Group R (n=3, 3.5%), (P=0.043)
which occurred as single episode and was easily
treated with atropine 0.4 mg in all patients.
Incidence of nausea and vomiting (P=0.174) and
shivering (P=0.248) were comparable in two
groups.(Table 2)

Table 1: Demographic characteristics, duration and type of surgery, fluid input, blood transfusion and
urine output

Variables Group R (n=85) Group B (n=85) P value
Age (Years) 42.61 £5.62 43.14 £ 6.30 0.563
Gender (Male/ Female) 53/32 50/35 0.632
Weight (kg) 71.37£6.23 72.54 £5.85 0.208
Height (cm) 168.10 +£9.38 167.59 + 8.23 0.706
ASA Grade (I/I) 45/40 46/39 0.873
Type of Surgery (Fracture shaft femur/tibia) 55/30 48/37 0.279
Duration of surgery (min) 84.38 £5.64 85.12+£6.12 0.413
Fluid input (litre) 1.8+0.3 1.75+0.4 0.921
Blood transfusion n (%) 21(24.7%) 22 (25.88 %) 0.859
Urine output (ml) 232.31£120.69 273.38+£287.47 0.290

Data are presented as mean + SD, number (%) as appropriate
Table 2: Comparison of Hypotension, Vasopressor Requirement and Adverse Effects in two groups

Variables Group R (n=85) Group B (n=85) P value

Incidence of Hypotension 20 (23.52 %) 42 (49.41 %) 0.000

1 Episode 17 29

2 Episode 3 10

3 Episode 0 3

Cumulative hypotension episodes (n) 17+6=23 29+20+9=58 0.000

Vasopressor Requirement

Cumulative number of Mephentermine doses (n) | 23 58 0.000

Cumulative amount of Mephentermine (mg) 23*6=138 mg 58*6=348 mg 0.000

Adverse Effects

Bradycardia 3 (3.5%) 8 (11.76%) 0.043

Nausea / Vomiting 1 (1.17%) 4 (4.70%) 0.174

Shivering 2 (2.35%) 5 (5.88%) 0.248
Data are presented as number (%)
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Table 3 : Sensory-motor block characteristics

Variables Group R (n=85) Group B (n=85) P value
Sensory onset (Time to T12) (min) 535+0.74 4.12 +0.84 0.000
Motor onset (Time to B3) (min) 6.72+0.63 4.54 + 0.65 0.000
Motor Block Duration (min) 155.80+11.01 190.12 £ 12.75 0.000
Sensory Block Duration (min) 215.19+14.20 228.64 £10.60 0.000
Duration of analgesia (min) 245.20 £9.65 250.35 £8.55 0.000

Enrollment (n =190)

|

Assessed for eligibility (n=190)

Excluded (n=20)

Not meeting selection criteria (n=12)
—* | Declined to participate (n=8)

Other reasons (n=10)

Y

Randomised (n=170)
Computer generated table of random number in opaque sealed envelope

|

Allocation
Grom R @=5) / \ Group B (a = 85)
Y
Received allocated intervention (n =85) Received allocated intervention (n =85)
Did not receive allocated intervention (n =0) Did not receive allocated intervention (n =0)
Analysis
Analysed (n=85) Analysed (n=85)
Excluded from analysis (n=0) Excluded from analysis (n=0)

Figure 1: CONSORT flow chart
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Figure 2: Comparison of MAP and HR between two groups
Discussion JV et al (6.25% vs 21.87%), [11] G Rajiv et al

Our study results demonstrate that both 2.8 ml
0.5% hyperbaric bupivacaine and 2.8 ml 0.75%
hyperbaric ropivacaine in spinal anesthesia
provided effective sensory motor block to conduct
lower limb orthopaedic surgery, as all patients
achieved target sensory level of T12 and Bromage
score 3, and surgery was completed in all patients
without need of any supplementation, proving
100% clinical efficacy of both regimes in our
study.

The important clinical finding in our study relate to
hemodynamic stability with hyperbaric
ropivacaine. Ropivacaine group patients had
significantly lower incidence of hypotension
compared to bupivacaine group (23.52% vs
49.41%, P=0.000). Group R also exhibited
significantly less cumulative episodes of
hypotension (23 vs 58 p=0.000), hence
significantly less requirement of mephentermine
(138 mg vs 348 mg, P=0.000). Hemodynamic
stability was also evidenced from significantly less
SBP and MAP values in Group B compared to
Group R from 15 minutes to 30 minutes after SAB.
Incidence of bradycardia was also significantly less
with ropivacaine than bupivacaine (3.5% vs
11.76% P = 0.043). This shows that hyperbaric
ropivacaine is superior in SA in terms of better
hemodynamic stability than bupivacaine for lower
limb orthopaedic surgery. Our findings are
supported by previous studies who also reported
that incidence of hypotension was less with
hyperbaric ropivacaine than bupivacaine, Kalbande
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(22.66% vs 57.37% ), [12] Sorout D et al (8% vs
22%), [6] and Kharat PA et al (5% vs 20%) [13].
This can be explained by ropivacaine's reduced
vasodilatory effect and lower cardiotoxicity
compared to bupivacaine. Sorout D et al [6] also
reported lower incidence of bradycardia with
ropivacaine (4%) than bupivacaine (16%). The
clinical implication of lower incidence of
hypotension and bradycardia are particularly
relevant for elderly patients or those with
cardiovascular comorbidities where maintaining
hemodynamic stability is crucial.

Regarding the onset time of sensory and motor
block our data revealed a statistically significant
difference, with bupivacaine = demonstrating
significantly faster onset of sensory block (4.12 vs
5.35 min ) and motor block (4.54 vs 6.72 min).
However this difference was around 1.5-2.0 min so
could not make much clinically significant
difference intraoperatively. Similar findings were
reported by Chaudhary S et al, [5] Sorout D et al,
[6] Gupta S et al, [9] Shirpurkar A et al, [10]
Kalbande JV et al, [11] and G Rajiv et al, [12] who
also observed and reported that this difference in
onset time was not of much clinical value in
elective surgeries.

Our results demonstrated that ropivacaine group
patients had significantly shorter duration of
sensory block (215.19 vs 228.64 min), motor block
(155.80 vs 190.12 min) and analgesia (245.20 vs
250.35 min). Similar findings were supported by
other studies such as Chaudhary S et al, [5] Sorout
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D et al, [6] Gupta S et al, [9] and Kharat P A et al,
[13]. Early recovery from motor block offers
distinct clinical advantage in lower limb
orthopaedic surgery where early mobilization
reduces risk of deep vein thrombosis. This early
sensory-motor block recovery is also useful in
daycare surgeries and short duration surgeries
where early patient mobilization is desirable.

Both ropivacaine and bupivacaine are amide local
anesthetics that cause reversible inhibition of
sodium ion influx and dose dependent inhibition of
potassium channels, thereby blocking impulse
conduction in nerve fibers. There is a well-known
correlation between the lipid solubility and the
local anesthetic and its potency and toxicity. [3,4]
Ropivacaine is 40% less potent than bupivacaine,
and motor  block  potency ratio of
ropivacaine/bupivacaine is reported 0.59 (95%, C.I.
0.64-1.09). [7] This could be the reason for delayed
onset and shorter duration of sensory-motor block.
But lower potency also results in gradual onset of
sympathetic block of lesser magnitude that
contribute to reduced episodes of hypotension and
bradycardia and better hemodynamic stability
observed with hyperbaric ropivacaine in our study
and others. [6,11,12,13]

We administered 2.8 ml of both agents, as we
usually do in our department protocol. In literature
lower limb orthopedic surgeries have been done
using volume of intrathecal drug of 3 ml or 2.5 ml.
Incidence of hypotension and height of block
increase with higher intrathecal dose, and using the
minimum dose and volume of local anesthetic is
suggested to achieve desired level of block and
hence we used 2.8 ml dose of both agents. As we
explained earlier, hyperbaric ropivacaine and
bupivacaine doses are considered equipotent when
they are used in a ratio of 1.5:1. Study doses in our
study were 21mg (2.8 ml of 0.75%) of hyperbaric
ropivacaine and 14mg (2.8 ml 0.5%) of
bupivacaine in ratio of 1.5:1.

There were few limitations in our study. It was a
single centre study conducted in ASA 1/11, 18 - 60
yr age patients only. So, our results cannot be
extrapolated to patients having coexisting medical
comorbidities, and elderly patients. We did not use
invasive blood pressure monitoring that might have
shown blood pressure changes further precisely,
however we did not use it because our patients
were without risk factors and just for the sake of
study invasive monitoring is not desirable as it
itself has risk of complications. We suggest further
multicentre studies with large samples need to be
done in high-risk elderly patients to evaluate the
advantage of ropivacaine where its hemodynamic
stability and early motor recovery can be very
useful.

Conclusion:
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We conclude that hyperbaric ropivacaine (0.75%,
2.8 ml) is a better alternative to hyperbaric
bupivacaine (0.5%, 2.8 ml) in spinal anesthesia for
lower limb orthopedic surgery because it provided
effective sensory-motor block of sufficient duration
but with better hemodynamic stability as evidenced
from lower incidence of hypotension and
bradycardia. Ropivacaine also offered the
advantage of faster motor recovery that is useful for
early mobilization and reducing risk of deep vein
thrombosis.
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