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Abstract

Introduction: Postoperative pain in total knee replacement surgeries is severe and needs intense analgesia. Of various analgesic
techniques available, continuous femoral nerve block is safe and associated with minimal side effects.

Objectives: To compare the analgesic effect of various concentrations of ropivacaine using continuous femoral nerve block for
post-operative pain relief in total knee replacement surgeries.

Methods: 120 patients posted for elective total knee replacement (TKR) surgeries under American Society of Anesthesiologists
(ASA) physical classification | or I, under spinal anaesthesia, were randomly allocated into four groups of 30 each. Group 1, 2, 3
and 4 received ropivacaine 0.12%, 0.16%, 0.20% and 0.25% respectively at 10 mL per hour infusion, by ultrasound-guided
continuous femoral nerve block. Pain relief was assessed by visual analogue scale (VAS). Analgesic requirement in the post-
operative period and hemodynamic changes compared between four groups.

Results: There was no statistical difference in change in hemodynamics over time between all four groups. Analgesic
requirement was significantly less and VAS score was significantly low in group 3 and group 4.

Conclusion: In this study, the minimum effective concentration of ropivacaine when used for pain relief in continuous femoral

block in total knee replacement surgeries is found to be 0.20%.
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Introduction

Total Knee Replacement (TKR) is one of the most
commonly performed orthopaedic procedures for the
treatment of osteoarthritis of knee joint. This procedure
needs intense post-operative analgesia to facilitate early
mobilization to prevent complications. Different
anaesthetic techniques such as parenteral opioids and
continuous epidural infusion using local anaesthetics
are used for post-operative analgesia in TKR surgeries.!
Parenteral opioids even if used in patient controlled
analgesia technique have the disadvantage of
drowsiness, respiratory depression, nausea, vomiting,
hemodynamic changes such as hypotension and delayed
mobilization.? Continuous epidural local anaesthetic
infusion though gives excellent analgesia has the
adverse effects of hypotension, urinary retention, local
anaesthetic toxicity, motor blockade and epidural
hematoma.® These complications can be avoided in
nerve blocks. Nerve blocks can be safely administered
in patients in whom low molecular weight heparin is
planned in the peri-operative period.

More recently, peripheral nerve block techniques
such as ultra sound guided femoral nerve block have
been used to provide satisfactory post-operative
analgesia in TKR patients with  minimum
complications.* Continuous femoral blocks have the
advantage of providing longer duration of pain relief
when compared to single-shot block. But there is a
small risk of local anaesthetic toxicity. Among the
commonly used local anaesthetics, ropivacaine has the
advantage of longer duration of action. Since many of
the centres do not have facilities to monitor serum
ropivacaine levels we designed this study to determine
a minimum ropivacaine concentration that would
provide a satisfactory pain relief, considering possible
local anaesthetic toxicity. The aim of our study was to
compare various concentrations of ropivacaine in
femoral nerve block using continuous infusion for TKR
surgeries. Our objective was to determine the minimum
concentration that provides good analgesia without
compromising hemodynamic changes and facilitating
early ambulation.

Material and Methods

This study was conducted in a 1000 bedded tertiary
medical college hospital from January 2014 to
December 2015. In our study we used Siemens®
Acuson P300 Ultra sound machine with 5 MHz curved
probe for performing femoral nerve block. We
preferred curved probe over the linear 12 MHz probe
because of deeper placement of the femoral nerve.
Braun’s® 17G epidural needle and 19G catheter were
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used for performing the block. Ropivacaine 0.75% was
diluted with saline into four different concentrations of
0.12%, 0.16%, 0.20%, and 0.25%.

120 patients posted for elective TKR surgeries
categorized in ASA physical classification | or Il were
randomly allocated into four groups of 30 each.
Exclusion criteria included patient refusal, local site
infection, coagulopathies, patients on antihypertensive
drugs and beta blockers. We selected the sample size
based on our aim to determine the minimum effective
concentration of ropivacaine for post-operative pain
relief in total knee replacement surgeries. The primary
end point was demand of analgesia. We used
(Statistical Analysis System) SAS version 9.0 statistical
software to determine the sample size. A sample size of
n=30 was arrived for a significance level of 0.05
(a=5%) and a power of 80%. Blinding was done using
sealed envelope technique to prevent observer bias.
During preoperative assessment patients were explained
about the study procedures and Visual Analogue
Scoring (VAS) system for postoperative pain
evaluation.

After shifting the patient to operating room, an 18-
gauge intravenous (i.v.) cannula was placed in the
forearm and premedication done with 1.5 mg i.v.
midazolam. Monitors such as pulse oximeter,
electrocardiogram and noninvasive arterial blood
pressure were placed. The patient was placed in supine
position, with that side of the inguinal region exposed
where the surgery was planned and the skin over the
femoral triangle was disinfected with 5% povidone
iodine solution and draped with sterile linen. The
transducer probe was positioned parallel and inferior to
femoral crease to identify the femoral artery and the
femoral nerve which would be just lateral to the artery.
After identifying the femoral nerve, the skin site 1 cm
away from the lateral edge of the transducer was
infiltrated with 3 ml of 1% lignocaine. The needle was
inserted from lateral side to the medial side and
advanced towards the femoral nerve under ultra sound

guidance (usually 3 to 5 cm depth). After confirming
the proper placement of the tip of the needle, 10 ml of
2% lignocaine with adrenaline was injected. Then the
catheter was inserted to a total depth of 10 cm from the
skin and the needle was removed carefully and the
catheter was fixed with plaster. Success of the block
was assessed with the onset of sensory block using the
pinprick test after 10 minutes. Then the TKR procedure
was done under sub-arachnoid block. For all the
patients we used 3.2ml of 0.5% hyperbaric bupivacaine
at L3-L4 space. Blinded post-graduate residents started
the ropivacaine infusion (concentration depending upon
the allocated group at 10 mL/hr) in the immediate post-
operative period at the post-operative care unit.

Parameters such as heart rate, systolic and diastolic
blood pressure, pain using VAS scoring, motor
blockade using modified Bromage scale and analgesic
supplementation were recorded at 4, 10, 20 and 40
hours post-operatively by a blinded qualified
anaesthesiologist.

Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) version 22.0
software for windows (SPSS Inc, Chicago, USA).
Continuous variables such as change in heart rate over
time were assessed with Student-Newman-Keuls test
and Analysis of variance (ANOVA) tests. Change in
systolic and diastolic blood pressure was assessed with
ANOVA test. VAS score and analgesic
supplementation was assessed using 2 test. A ‘p’
value <0.05 was considered statistically significant in
all cases.

Results

We conducted this study with 120 patients divided
into four groups of 30 each and used their data for
statistical analysis. There were no statistically
significant differences regarding mean age, sex, weight,
and ASA classification in the four study groups.

Table 1: Change in mean heart rate (beats per minute) over time between four groups

Groups Baseline | 4 Hours | 10 Hours | 20 Hours |30 Hours
ROPIVACAINE 0.12% 69.567 76.167 74.400 71.967 74.700
ROPIVACAINE 0.16% 70.300 75.000 70.933 72.267 74.167
ROPIVACAINE 0.20% 73.200 74.367 70.300 70.533 74.667
ROPIVACAINE 0.25% 73.400 76.433 71.030 76.200 67.700

Table 2: ANOVA test for Change in mean heart rate (beats per minute) over time between four groups

Baseline 4 Hours 10 Hours 20 Hours 30 Hours
Average Mean 71.617 75.492 71.725 72.742 72.808
Standard Deviation | 6.2594 9.2854 6.1138 7.6373 9.0649
Significance 0.760 0.828 0.740 0.640 0.969

There was no statistically significant difference in change in heart rate over time between 4 study groups. (p>0.05)

(Table 1 and Table 2).
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Table 3: Change in mean systolic blood pressure (mm of Hg) over time between four groups

Groups Baseline 4 Hours 10 Hours | 20 Hours 30Hours
Ropivacaine 0.12%| 124.833 127.800 126.833 121.000 124.200
Ropivacaine 0.16%| 125.433 123.167 126.900 124.433 125.133
Ropivacaine 0.20%| 124.867 124.267 126.567 124.700 124.100
Ropivacaine 0.25%| 125.633 122.500 126.900 123.708 120.000
Table 4: ANOVA test for change in mean systolic blood pressure (mm of Hg) over time between four groups
Baseline 4 Hours 10 Hours 20 Hours 30 Hours
Average Mean | 125.192 124.433 126.642 123.708 123.358
STD. Deviation | 6.6973 7.6011 7.1265 10.9486 10.2636
Signficance 971 .627 .986 .995 213

There was no statistically significant difference in change in systolic blood pressure over time between 4 study
groups. (p>0.05) (Table 3 and Table 4).

Table 5: Change in mean diastolic blood pressure (mm of Hg) over time between four groups

Groups Baseline 4 Hours | 10 Hours 20 Hours 30 Hours
Ropivacaine 0.12%| 76.100 76.000 76.533 75.733 78.467
Ropivacaine 0.16%| 75.700 78.567 77.533 75.700 78.833
Ropivacaine 0.20%| 77.833 77.633 77.567 75.633 77.000
Ropivacaine 0.25%| 76.700 77.067 77.600 76.967 78.100

Table 6: ANOVA test for change in mean diastolic blood pressure (mm of Hg) over

Baseline 4 Hours 10 Hours 20 Hours 30 Hours
Average Mean 76.583 77.317 77.308 76.008 78.100
STD. Deviation 4.2969 4.8246 4.1298 4.1878 4.4484
Significance 0.220 0.168 0.753 0.610 0.385

time between four groups

There was no statistically significant difference in change in diastolic blood pressure over time between 4 study
groups. (p>0.05) (Table 5 and Table 6).
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Fig. 1: Change in mean VAS score between four groups

The mean VAS score 4™, 10", 20™, 30" hour for Ropivacaine 0.12% was 5. The mean VAS score 4™, 10™, 20™,
30" hour for Ropivacaine 0.16% was 2.5. The mean VAS score 4™, 10%, 20%, 30™ hour for Ropivacaine 0.20% and
0.25% was <1 (Fig. 1).
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Fig. 2: Analgesic demand profile

Additional analgesic demand was significantly
high in Ropivacaine 0.12% and Ropivacaine 0.16%
group compared to Ropivacaine 0.20% group and
Ropivacaine 0.25% group (Fig. 2). In Ropivacaine
0.25% group there was no analgesic demand at 4™, 10™",
20 30" hour. In Ropivacaine 0.20% group, two
patients at 4" hour and one patient at 10" hour had
demand for analgesia. Though Ropivacaine 0.25%
group was better than Ropivacaine 0.20% in demand
for analgesia there was no statistical significance
among the two groups. Hence Ropivacaine 0.20% was
considered as the minimal effective concentration.

There was no motor blockade noticed in all the
four groups.

Discussion

TKR is associated with extensive tissue handling
that causes severe post-operative pain which prevents
early mobilization. This can cause various problems
such as infection due to retention of collected fluid in
the joint, muscle weakness due to prolonged
immobility,  delayed healing, pain  induced
complications, prolonged hospital stay, joint stiffness
and deep vein thrombosis. Intravenous opioids, epidural
analgesics, intrathecal opioids and Non-steroidal anti-
inflammatory drugs (NSAIDS) are various pain
management options available for management of post-
operative pain in TKR surgeries.! Intravenous opioids
can be given as intermittent boluses or as infusions. But
a study which compared femoral nerve block with
intravenous opioids found that opioids are associated

with nausea, vomiting, drowsiness, constipation and
respiratory depression.?

Studies show that epidural analgesia provides
satisfactory pain relief which is useful for early
mobilization of the patient.® But this modality of pain
relief is associated with urinary retention, motor
blockade, hypotension and epidural hematoma.* The
common risk involved in epidural analgesia is
formation of hematoma in epidural space because all
the patients undergoing TKR should be put on low
molecular weight heparin for deep vein thrombosis
prophylaxis. Peripheral nerve blocks can be performed
safely in these patients.> NSAIDS which are commonly
used for management of post-operative pain in
orthopaedic surgeries are not very effective in these
patients.® Intrathecal opioids is an another option, but
associated with pruritus, vomiting, and it can be given
as single dose only.” There are some centres where
intra-articular infusion of local anaesthetics are tried for
knee surgeries, but carries a risk of infection.® Wound
infiltration with local anaesthetics have been tried in
some centres, which provides pain relief for short
duration only.®

Peripheral nerve blocks provide satisfactory
analgesia and enhance early mobilization of patients
undergoing TKR. Peripheral nerve blocks helps in early
ambulation and minimizes the time to discharge when
compared to NSAIDS and intravenous opioids.t°
Studies show that there is a significant decrease in
tissue and plasma cytokine levels in patients receiving
peripheral nerve blocks for pain relief, which shows the
anti-inflammatory effect of peripheral nerve blocks.*
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The combination of sciatic nerve block and femoral
nerve block is a preferred technique for post-operative
pain relief in TKR.. In many centres there are
objections from the surgeon for sciatic nerve block as
they cannot assess peroneal nerve function in the post-
operative period.*? Cadaveric studies show that 10ml
for Ropivacaine injected in proximity to femoral nerve
with ultrasound guidance covers a significant
segment.’® Continuous femoral nerve block with
ropivacaine provides prolonged, satisfactory analgesia
and reduces the need for rescue analgesia with narcotics
compared to single dose ropivacaine.* Continuous
femoral block also helps in early mobilization and
decreases the duration of hospital stay.®

Ultrasound guided placement of perineural
catheters has got advantages over the nerve stimulator
guided techniques. Peripheral nerve stimulator guided
femoral nerve block produces unreliable block and the
intensity of block depends on use of minimal current
strength to achieve the stimulus.’® Ultrasound helps in
precise, reliable placement of catheters. It also reduces
local anaesthetic requirement.!” Ultrasound decreases
number of needle punctures, needle manipulations and
provide better comfort to the patient while performing
the procedure.'® One study compared in-plane and out
of plane approach for localization of femoral nerve but
found no difference among the two approaches.® Depth
of catheter placement is another determinant of block.
A catheter placed at 10cm depth from the skin levels

provides effective block and prevents catheter
migration.?
Ropivacaine compared with lignocaine and

bupivacaine provides significant pain relief, prolonged
analgesia and lesser cardio toxicity. Various studies
with ropivacaine 0.3% at rate of 10ml/hr infusion have
found no significant raise in plasma concentration given
either through ultrasound or nerve stimulator guided
techniques.?2223

Various studies have been done using single shot
technique with the same concentrations but we have
used continuous femoral block to achieve longer
duration of analgesia. This technique was performed
with ultrasound guidance for reliable placement of
catheter. Ropivacaine was given at rate of 10ml/hr.
VAS score used to analyze pain relief was significantly
low (<1) in ropivacaine 0.20% and 0.25% group,
compared to the other two groups. Demand for rescue
analgesia was also significantly low in ropivacaine
0.20% and 0.25% compared to other groups. There
were no statistically significant differences in VAS
score and analgesic demand between Ropivacaine
0.20% and Ropivacaine 0.25%. This shows ropivacaine
0.20% and Ropivacaine 0.25% are effective drug
concentrations for post-operative pain relief by
continuous femoral block in TKR patients. Considering
the toxicity of local anaesthetics, selecting a lower
concentration would be a prudent option.
Hence ropivacaine 0.20% is the minimum effective

concentration compared to ropivacaine 0.25% for post-
operative pain relief in TKR.

We have not monitored serum ropivacaine levels.
This is the limitation of our study. We
recommend future studies on this topic to use it as a
sole anaesthetic technique in patients where other
anaesthetic  techniques are  contraindicated.  This
technique can also be used for post trauma and chronic

pain management. In future this study could
be modified by addition
of adjuvants like dexmedetomidine so that

ropivacaine concentration can further be reduced.

Conclusion

Ropivacaine 0.20% provides safe and satisfactory
post-operative pain relief in TKR surgeries without
affecting hemodynamics and motor function when
given as continuous femoral block.
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