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ABSTRACT

BACKGROUND
Central neuraxial blockade is a major regional anaesthesia technique with a long history of effective use for a variety of surgical
procedures and pain relief. Ropivacaine is an amino-amide local anaesthetic drug, which was first synthesised in 1957 and was
introduced into clinical practice in 1996. As there are limited studies on effect of ropivacaine in spinal anaesthesia, we conducted a
dose comparison study of ropivacaine in our institute to know the clinical efficacy and safety with regard to better patient profile
management.

The aim of the study was to compare and evaluate equal volumes of two different doses of ropivacaine hydrochloride (0.75%
and 0.5%) in spinal anaesthesia in lower limb orthopaedic surgeries with regard to the onset and duration of sensory and motor
blockade.

MATERIALS AND METHODS

It is a prospective, randomised, double-blind study conducted in a tertiary care hospital in which 80 patients of age group 20 - 65
years of either sex which were scheduled to undergo lower limb orthopaedic surgeries under spinal anaesthesia with two different
doses of Ropivacaine Hydrochloride were included. The patients were randomly divided into 2 groups of 40 each. Group A received
22.5 mg (3 mL) of 0.75% isobaric Ropivacaine Hydrochloride. Group B patients received 15 mg (3 mL) of 0.5% isobaric
Ropivacaine Hydrochloride.

RESULTS

Ropivacaine 0.75% produced higher level and longer duration of sensory blockade than ropivacaine 0.5% when used in spinal
anaesthesia. Thus, there was longer duration of analgesia with ropivacaine 0.75%. The ropivacaine 0.75% solution resulted in
higher frequency and longer duration of motor block in the lower limbs than ropivacaine 0.5%. Thus, a reliable motor blockade
was obtained with ropivacaine 0.75%. Therefore, it is concluded that intrathecal ropivacaine 0.75% provides an excellent sensory
blockade with longer duration of analgesia and a complete motor block, which makes it suitable for lower limb orthopaedic
surgeries requiring an intense sensory and motor blockade.

CONCLUSION
Our study suggests the use of ropivacaine 0.75% for spinal anaesthesia in lower limb orthopaedic surgeries, as it provides
prolonged duration of sensory and profound motor blockade of lower limbs.
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ropivacaine produced similar sensory and motor blockade
with less cardiotoxicity.[5! Intrathecal administration of
ropivacaine is useful for ambulatory anaesthesia, as there is
fast regression of motor block which causes early
mobilisation and recovery.l6l As there are limited studies on
effect of ropivacaine in spinal anaesthesia, so we conducted a
dose comparison study of ropivacaine in our institute to
know the clinical efficacy and safety of two different doses
(0.5% and 0.75%) of ropivacaine in patients undergoing
lower limb orthopaedic surgery under spinal anaesthesia
presuming that higher dose of the drug causes better patient
profile management. The aim of the study was to compare
and evaluate equal volumes of two different doses of
ropivacaine hydrochloride (0.75% and 0.5%) in spinal
anaesthesia in lower limb orthopaedic surgeries with regard
to the onset and duration of sensory and motor blockade. The
primary outcome of the study was to assess the onset and
duration of sensory and motor block and the secondary
outcome of the study were haemodynamic changes and
complications.

MATERIALS AND METHODS

It is a prospective, randomised double-blind study in which
80 patients of American Society of Anesthesiologists (ASA)
physical status I and II of age group 20-65 years of either sex
was admitted in a tertiary care super speciality hospital over
a span of 2.5 years from August 2011 to February 2014.

Inclusion Criteria

Patients who were scheduled to undergo lower limb
orthopaedic surgeries under spinal anaesthesia were
included after the approval of Ethical and Scientific
Committee of the Institution along with the informed written
consent from the patients.

Exclusion Criteria

The type of patients excluded from the study were
unwillingness of the patient, any life-threatening disease,
neurological disorders, coagulation disorders, morbid
obesity, any signs of sepsis, deformity or previous surgery of
spine, any anticipated difficulty in regional anaesthesia, any
history of allergy to study drug and infection at injection site.

Sample Size

From the previous study by Veena et al, the mean time for
two-dermatome regression has been reported in the range of
112 to 131 minutes with a populated standard deviation
(sigma) of 29 minutes.[”] This parameter was selected as it
could be the earliest indicator of fading effect of anaesthesia.
For 95% confidence interval and 80% power of the study 37
patients would be needed in each group using following
formula-

_ 2[(a+b)2a?)
(n1—-p2)2

where, a and b are a = conventional multiplier for alpha =
0.05, b = conventional multiplier for power = 0.80, pul1 - u2 =
the difference between the means from the previous study
(131 - 112 minutes), o2 is populated standard deviation (29
minutes). To allow for dropouts, sample size was fixed at 40
patients in each group.
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Study Protocol

Pre-anaesthetic assessment was carried out in every case one
day before surgery. All the patients were given Tab.
Alprazolam 0.25 mg a night before surgery in the orthopaedic
ward. Inj. Midazolam 0.04 mg/kg body weight was given by
intravenous route just before procedure in all the groups in
the operating room.

A total of 86 patients met the inclusion criteria and were
included in the study. Patients were randomly divided into
two groups in a double-blind manner. In the operating room,
patients were randomised by sealed envelope method
(wherein, externally computer-generated numbers were
used) to the groups. The randomisation code allotted to the
patients was kept separately and investigators were blinded
to it until the study was completed. Different concentrations
(0.75% and 0.5%) isobaric ropivacaine hydrochloride were
covered with opaque sacks by the pharmacist in the 1:1 ratio.
Only the pharmacist was aware of the code given to the type
of solution in the vials. This ensured the double blinding.

Out of 86 patients who met the inclusion and exclusion
criteria, 6 patient’s procedure was converted to general
anaesthesia due to orthopaedic problems. These 6 patients
were not considered for analysis.

Standard proforma was made for all the patients. Group A
(40 patients) received 22.5 mg (3 mL) of 0.75% isobaric
ropivacaine hydrochloride. Group B (40 patients) received 15
mg (3 mL) of 0.5% isobaric ropivacaine hydrochloride.

Multiparameter monitor was applied and baseline heart
rate, non-invasive blood pressure, respiratory rate, oxygen
saturation and ECG were recorded on the concerned
proforma. Intravenous line was secured with 18-G intracath
and the patients were preloaded with 10 mL/kg body weight
of ringer lactate over 15 - 20 mins. The patients were placed
in the lateral decubitus position with the affected limb in the
dependent position. Spinal anaesthesia was administered
with 26-G Quincke’s spinal needle using the standard midline
approach at L2 - L3 interspace. The position of the needle was
confirmed by free flow of cerebrospinal fluid. Then 3 mL of
the study drug was injected into the subarachnoid space.
After administration of study drug, the patient was
immediately turned to the supine horizontal position.

Sensory block was assessed by loss of sensation to pin
prick in the mid-clavicular line starting from caudad and
moving cephalad using 27-G short bevel needle. In both
Groups A and B sensory blockade was assessed every 2
minutes post injection for first 10 minutes, then every 5
minutes for next 30 minutes and then every 15 minutes for
next 180 minutes and then every 30 minutes till normal
sensation returned by pinprick method. The sensory
parameters noted were onset of sensory blockade at T10,
maximum level of sensory block, time to regression to T10,
L5 and S1 and total duration of sensory blockade (time to
regression to S1). Motor blockade was checked according to
modified Bromage scale.[891 Motor blockade was also
assessed immediately after the assessment of sensory block
until the return of normal motor function. The parameters
noted were time of onset of motor block, maximum grade of
motor block achieved and total duration of motor block.

Oxygen was routinely administered via oxygen mask at
oxygen flow rate of 5L/min. Bradycardia (defined as heart
rate less than 60 bpm) was treated with 0.6 mg diluted
intravenous Atropine. Hypotension (defined as systolic blood
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pressure less than 100 mmHg or 30% less than the base
value) was treated with IV mephentermine (diluted- 30 mg in
incremental doses) with additional ringer lactate solution.
The operation was started when full surgical anaesthesia
developed. In case of failed neuraxial blockade, where
patients required general anaesthesia were excluded from
the study. Continuous multipara monitoring (respiratory rate,
pulse rate, non-invasive blood pressure, oxygen saturation,
ECG) was done and readings were recorded. Patients were
monitored for side-effects and complications during
intraoperative period and next 24 hours after the operation
and measures to combat them were kept ready beforehand.

Statistical analyses were performed using the SPSS
(Statistical Package for the Social Science System version
SPSS 17.0 Chicago SPSS Inc.) version 17.0 program for
Windows. We conducted a Shapiro-Wilk test to verify the
distribution of the data. All data were summarised as the
mean * SD.

Onset of sensory block at T10, time taken to reach
maximum level of sensory blockade and time taken to
regress, time to complete motor block and total duration of
motor block, mean pulse rate, mean systolic and diastolic
blood pressures, time for analgesia and total duration of
surgery was compared using student t-test. Maximum level of
sensory block (expressed as frequency of occurrences at T6,
T8 and T10) and maximum grade of motor block were
compared using Chi square test. Values less than 0.05 were
considered significant.

RESULTS
Demographic| Group | Group | Group |Group
Parameters A A B B
Mean +/-| Min- |Mean +/-| Min - P
SD Max SD Max | value
Age 40.60 38.85+
(Years) 7 85 33-48 775 31-47| 0.319
Weight 64.67 £ 63.43 +
(kgs) 428 52-70 483 50-70| 0.225
Sex
(Female/ 13/27 NA 16/24 NA | 0.642
Male)
ASA Grade
(/1) 28/12 NA 31/9 NA | 0.446
Table 1. Demographic Parameters
Onset time to T10 (min)
8
7
6 5.32
g5
2,
2
1
o Group A Group B

Figure 1. Onset of Sensory Block to T-10 Dermatome
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Maxi
sf::(l):m Group Group P
y A B Value
Level
Group Group
Frequency Frequency

A B

T6 15 37.5% 7 17.5%

T8 20 509 20 509
% % 0.039

T10 5 12.5% 13 32.5%

Total 40 100% 40 100%

Table 2. Maximum Level of Sensory Block Achieved

Group A (n =40) |Group B (n =40)
in- + in- | P Val
Mean + SD Min Mean Min alue
Max SD Max
Time to
. 4 - 7.85 % 4 -
max1m1'1m 7.55+1.59 10 178 12 0.430
level (mins)
Time to two
dermatome 126.50+ | 100- | 96.50 = 70 - <0001
i 14.42 150 10.33 114 '
regression
r:ﬁ:sti‘;n 13857+ | 100~ |10533%| 70~ |
g 22.11 180 16.96 140 ’
to T-10
r:ﬁ:sti‘;n 16675+ | 130- |12475| 100 | _
g 22.12 210 15.36 160 ’
to L5
Time to
regression 193.50+ | 150- |146.00+| 120 - <0.001
gto o 2190 | 230 | 1582 | 180 ‘

Table 3. Time taken to reach Maximum Level of Sensory
Blockade and Time taken to Regress to T-10, L5, S1

Group A (n =40) |Group B (n =40) P
Mean * | Min- |Mean *| Min- Value
SD Max SD Max
Time to
73 + 85+ -
Complete 91 25 8-15 918559 24 0.747
Block (mins) ' '
Toif‘fllf/i[‘;iztr‘o“ 19050+ | 150- |137.50| 100- |_
. 21.60 230 |[+£15.65| 170 '
Block (mins)
Table 4. Time to Complete Motor
Block and Total Duration of Motor Block
Maximum
Grade Group Group P
of Motor A B Value
Block
Frequency Grzup Frequency Gr;up
II 5 12.5% 17 42.5%
111 35 87.5% 23 57.5% | 0.003
Total 40 100% 40 100%
Table 5. Maximum Grade of Motor Block
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Figure 2. Mean Pulse Rate (minutes) from
Pre-operative Period till 180 Minutes

Systolic and Diastolic Blood Pressure

The mean systolic blood pressure in the pre-operative period
at the time of spinal anaesthesia (0 minutes), then at an
interval of 5 minutes for first 60 minutes and then at an
interval of 15 minutes till 180 minutes was found to be
statistically insignificant in both the groups. The mean
diastolic blood pressure in pre-operative period at the time of
spinal anaesthesia, then at an interval of 5 minutes till 60
minutes of spinal anaesthesia and then at an interval of 15
minutes till 180 minutes was comparable in both the groups
and statistically was found to be insignificant (p > 0.05).

Quality of surgical analgesia

90%
100% = Group A
5% Group B

% of cases

40% 1 254

10%

Excel Good

Figure 3. Quality of Surgical Analgesia

Group A (n = 40) | Group B (n = 40)

Mean + | Min- |Mean* | Min- Vall)ue
SD Max SD Max
Time of
analgesia |3225%| 220- | 210 | 180- | o o

request 32.01 400 14.68 230
(min)

Duration
84.5 + 70 - 82.4% 60 -

ofsurgery | 005 | 100 | 1026 | 100 | %3°8
(min)

Table 6. Time of Analgesia Request
(minutes) and Duration of Surgery

DISCUSSION

Both the groups were comparable with regard to age, sex,
weight, ASA physical status and duration of surgery. In our
study, onset of sensory block to T10 dermatome of patients in
Group A receiving ropivacaine 0.75% was similar to that of
Group B receiving ropivacaine 0.5% for spinal anaesthesia
(Fig. 1). Similar results were shown by Van Kleef et al in his
study, where he compared ropivacaine 0.75% and 0.5% for
spinal anaesthesia in lower limb orthopaedic surgery.[10] As
depicted in Table 2 in our study 15 patients in Group A had
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the highest level of sensory blockade to T6, whereas only 7
patients in Group B had T6 as the highest level of sensory
blockade. 20 patients in each group had T8 as maximum level
of sensory blockade. The difference in the highest level of
sensory block was found to be statistically significant
between the two groups. Ropivacaine 0.75% produced higher
level of sensory blockade than 0.5% ropivacaine. However,
results were contrary to the study done by Van Kleef et al
which showed extremely variable analgesic spread with both
the concentrations and was statistically insignificant.[10] This
variation in results could be due to differences in
methodology between the studies that make accurate
comparisons difficult. In the same study, patients were placed
in sitting position for spinal anaesthesia and it was given at
the L3-L4 interspace, whereas in our study the procedure
was performed at the level of L2-L3 level in the lateral
decubitus position. In another study done by Wahedi et al, it
was found that the mean cephalad extent of anaesthesia
increased with increasing the concentration of ropivacaine,
T10 with 15 mg and T8 with 22.5 mg of ropivacaine.[!!l In this
study patients were placed in sitting position for spinal
anaesthesia, which was given at L3-L4 interspace and spread
and regression of sensory block was assessed by testing loss
of sensation to cold. Whereas, in our study we have assessed
spread and regression of sensory block by testing loss of
sensation to a pin prick. The time taken to reach the
maximum level of sensory blockade was similar in both the
groups.

As shown in Table 3, the time for two dermatome
regression was significantly greater in patients receiving
0.75% ropivacaine (126.50 * 14.42 minutes) than in patients
receiving 0.5% ropivacaine (96.50 + 10.33 minutes). The time
for regression to T10 dermatome in patients receiving 0.75%
ropivacaine was significantly greater (138.57 + 22.11
minutes) than in patients receiving 0.5% ropivacaine (105.33
+ 16.96 minutes). The total duration of sensory blockade
(time to regression to S1 dermatome) was significantly
greater in patients receiving 0.75% ropivacaine (193.50 #
21.90 minutes) than the patients receiving 0.5% ropivacaine
(146 + 15.82 minutes). This was in accordance with the
studies,[10.11] which showed that the ropivacaine 0.75% had
longer mean duration of sensory blockade than ropivacaine
0.5%.

Motor block was assessed using modified Bromage
scale.[89] In our study, the time taken for total motor blockade
was similar in both the groups (Table 4 and 5). All the
patients achieved motor block of at least Grade I on modified
Bromage scale. Only 5 patients in Group A had Grade II motor
block, whereas 17 patients in Group B had Grade II motor
blockade; 35 patients in Group A had Grade III motor block,
whereas only 23 patients had Grade III motor block in Group
B. The difference was found to be statistically significant. Our
study indicated that ropivacaine 0.75% produced
significantly longer duration of profound motor blockade
(190.50 + 21.60 minutes) than ropivacaine 0.5% (137.50 *
15.65 minutes). The results were consistent with the study
done by Van Kleef et al, which showed that intrathecal 0.75%
ropivacaine solution resulted in a higher frequency of
complete motor block and longer duration of motor block in
the lower limbs.[10] In a study by McNamee et al, patients
were randomised to receive either 2.5 mL of ropivacaine
0.75% or 2.5 mL of ropivacaine 1% in spinal anaesthesia for
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total hip arthroplasty. The study depicted that increase in the
dose of intrathecal ropivacaine administered led to an
increased duration of profound motor block.[12] However, in
another study done by McClellard et al, patients were
randomised to receive intrathecal injection of either 3.5 mL of
isobaric ropivacaine 0.5% or 3.5 mL of 0.5% isobaric
bupivacaine. It was seen that median duration of complete
motor blockade was significantly shorter in the ropivacaine
group compared to bupivacaine group.[!3] The lesser motor
blockade of ropivacaine as compared to equal dose of
bupivacaine can be explained by its lesser lipid solubility and
myelin sheath penetration, thereby causing selective action
on A-delta and C fibres that carry pain rather than A-beta
fibres which are involved in motor function.[*] This greater
degree of differential block with ropivacaine at low
concentrations has a clinical advantage in providing analgesia
with minimal motor block, especially when early ambulation
is desirable. However, in our study ropivacaine 0.75%
provides complete motor blockade, which makes it suitable
for lower limb orthopaedic surgeries where intense motor
blockade is needed and where early ambulation is not a
consideration.

The difference in mean pulse rate measured at various
intervals intra-operatively and post-operatively was found to
be statistically insignificant between the two groups (Fig. 2).
Only 5 patients receiving ropivacaine 0.75% and 3 patients
receiving 0.5% ropivacaine had bradycardia during first 60
minutes which was treated with intravenous injection
atropine 0.6 mg (diluted). The difference in the mean systolic
and diastolic blood pressure measured at various intervals
intra-operatively and post-operatively was found to be
statistically insignificant between the two groups. Only 7
patients receiving ropivacaine 0.75% and 6 patients receiving
ropivacaine 0.5% developed hypotension (systolic blood
pressure below 100 mmHg or below 30% of baseline) during
first 60 minutes which was treated with Inj. mephentermine
(diluted) and intravenous fluid-lactated ringer. In terms of
safety, both doses of intrathecal ropivacaine provided high
degree of cardiovascular stability with a low incidence of
bradycardia and hypotension. The results correspond with
other studies.l101112] in which it was found that there was
high degree of cardiovascular safety and there was no
difference in various groups receiving different doses of
ropivacaine.

The time to first request for analgesia after spinal
blockade was noted post-operatively. The mean time of
analgesia request in patients receiving ropivacaine 0.75%
was significantly more (322 # 32.01 minutes) than the
patients receiving ropivacaine 0.5% (210 + 14.68 minutes),
as there was significantly prolonged duration of sensory
analgesia in patients receiving intrathecal ropivacaine 0.75%
than patients receiving ropivacaine 0.5% (Table 6). The
above results were in accordance with various studies,[10.11,12]
which demonstrated prolonged sensory analgesia with
intrathecal 0.75% ropivacaine than with 0.5% ropivacaine.

In terms of safety, both doses of intrathecal ropivacaine
provided a high degree of cardiovascular stability with a low
incidence of bradycardia and hypotension. Only 5 patients in
Group A (ropivacaine 0.75%) and 3 patients in Group B
(ropivacaine 0.5%) had bradycardia intra-operatively. Only 7
patients in Group A and 6 patients in Group B developed
hypotension. It was statistically insignificant, which was well
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in accordance with the various studies found in
literature.[101112] [n our study only 5 patients out of 80
patients had post dural puncture headache, which was
managed with intravenous fluids and a non-steroidal anti-
inflammatory drug. It was in accordance with the study done
by Wahedi et al, in which 12 out of 40 patients had post dural
puncture headache and was statistically insignificant.[11] In
another study by Kallio et al in which hyperbaric and plain
ropivacaine 15 mg were compared in spinal anaesthesia in
lower limb orthopaedic study, only 5 patients out of 56
patients had post dural puncture headache.l'4] There is no
study indicating that the incidence of post dural puncture
headache is drug related.3] In our study, only 8 patients in
Group A and 6 groups in Group B had nausea and vomiting
intra-operatively and post-operatively. Nausea and vomiting
intra-operatively might have occurred due to concurrent
hypotension whereas post-operatively, nausea and vomiting
possibly could be due to Inj. Tramadol. Our study was in
accordance with various studies(1012] who also found
insignificant changes with respect to nausea and vomiting.
There was no case of local anaesthetic toxicity, pruritis or
total spinal in both the groups. There was no case of
neurological deficit in both the groups. There was no case of
backache or urinary retention in both the groups during first
24 hours after surgery.

CONCLUSION

Ropivacaine 0.75% produced higher level of sensory
blockade and longer duration of sensory blockade than
ropivacaine 0.5% when used in spinal anaesthesia. Thus,
there was longer duration of analgesia with ropivacaine
0.75%. The ropivacaine 0.75% solution resulted in higher
frequency of complete motor block and longer duration of
motor block in the lower limbs than ropivacaine 0.5%. Thus,
a reliable motor blockade was obtained with ropivacaine
0.75%. Therefore, it is concluded that intrathecal ropivacaine
0.75% provides an excellent sensory blockade and complete
motor blockade with longer duration of analgesia and motor
block, which makes it suitable for lower limb orthopaedic
surgeries requiring an intense sensory and motor blockade. It
is a well-tolerated regional anaesthetic effective for surgical
anaesthesia.

Our study suggests the use of ropivacaine 0.75% for
spinal anaesthesia in lower limb orthopaedic surgeries, as it
provides prolonged duration of sensory and profound motor
blockade of lower limbs.
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