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Abstract

Background: Lumbar plexus block (LPB) is a proven modality to provide analgesia following lower limb surgeries. The
present study compared the effect of buprenorphine in different doses viz. 150 pug and 300 ug as an adjuvant to
levobupivacaine in unilateral lumbar plexus block. In this prospective, controlled, and double-blind study, ninety
patients undergoing hip, thigh, and knee surgeries under subarachnoid block were enrolled. The patients were
randomly allocated into three groups of thirty each, to receive LPB with 0.25% levobupivacaine plain (group L), 0.25%
levobupivacaine with 150 pug buprenorphine (group BL), or 0.25% levobupivacaine with 300 ug buprenorphine (group
BH), after the sensory level of subarachnoid receded to T10. Total volume administered was 30 ml. The duration of
analgesia post LPB, total pain-free period, cumulative rescue analgesic doses per patient, number of patients requiring
rescue analgesic, pain scores using visual analog scale (VAS), and sedation levels were noted at protocolized
predetermined intervals in each case.

Results: The duration of analgesia post LPB was significantly prolonged in both the buprenorphine groups (9.76 +

1.39 h in group with 150 ug buprenorphine and 10.13 + 1.5 h in group with 300 ug buprenorphine) as compared to
4.25 4+ 093 h in the control group (p < 0.001). The total pain free-period of 12.81 + 1.49 h was maximum in group BH
as compared to 1242 + 147 h in group BL and 7.01 + 089 h in group L and was statistically significant with the control
group (p = 0.001). The cumulative rescue analgesic doses per patient was also significantly higher in control group L
(3.10 £ 0.40) as compared to groups BL (1.77 + 0.5) and BH (1.33 + 048). There was significant decrease in pain scores
in patients of both buprenorphine groups compared to the control group up to 24 h (p < 0.001). In group BH, patients
were sedated in the first hour with a modified Ramsay Sedation Score of 1.93 + 0.86 which was statistically significant
from the group L (modified RSS of 1.00 + 0.00, p = 0.003) as well as from group BL (modified RSS of 147 + 0.50,

p = 0043).

Conclusions: Buprenorphine in either of the doses (150 ug or 300 pg) as an adjuvant to levobupivacaine in lumbar
plexus block provided comparable postoperative analgesia. A dose of 300 g, however, resulted in significant sedation
and respiratory depression. Hence, buprenorphine 150 ug appears to be an optimal dose providing prolonged
postoperative analgesia and minimal sedation.
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Background

The lumbar plexus block (LPB) provides anesthesia or an-
algesia to the entire distribution of the lumbar plexus, in-
cluding the anterolateral and medial thigh, the knee, and
to the saphenous nerve below the knee (Stevens et al.
2000). The last decade of clinical practice has witnessed a
revolution in how regional anesthesia is performed using
the wultrasound. Ultrasound imaging allows direct
visualization of peripheral nerves, the block needle tip,
and local anesthetic distribution. Levobupivacaine, the
pure (S)-enantiomer of bupivacaine, has less cardiac and
central nervous system toxicity compared to bupivacaine
(Bardsley et al. 1998). Its duration of sensory block is lon-
ger than ropivacaine, so it has the advantage in providing
prolonged postoperative pain control (Gonzalez-Suarez
et al. 2009). Buprenorphine, a p-receptor partial agonist
opioid, is similar in structure to morphine but approxi-
mately 33 times more potent when compared to it. Bupre-
norphine has been used for effective pain control via
various routes (Fukuda 2015). However, there is paucity in
literature regarding its efficacy when added to levobupiva-
caine for lumbar plexus block.

This study was designed to compare the analgesic effi-
cacy of buprenorphine in different doses (viz. 150 pg and
300 pg) as an adjuvant to levobupivacaine in unilateral
LPB in patients undergoing surgeries around the hip,
thigh, and knees under subarachnoid block.

Methods

After institutional ethics committee approval and regis-
tration with Clinical Trials Registry - India with CTRI
No. CTRI/2018/01/011437, ninety patients of American
Society of Anesthesiologists (ASA) physical status 1 or 2,
aged between 18 and 60 years, scheduled for hip, thigh,
and knee surgeries under subarachnoid block were in-
cluded in this prospective, randomized, and double-
blind study. The procedure of lumbar plexus block was
explained to the patient to obtain informed written con-
sent. Patients who refused regional anesthesia, having an
infection at the block site or allergy to study drugs, co-
agulation disorders, peripheral neuropathies, or opioid-
tolerant or opioid-dependent patients were excluded
from the study.

The enrolled patients were randomized into 3 groups
by computer-generated random number chart. The ran-
dom number was enclosed in a sealed opaque envelope
opened by an investigator to know the drug combination
to be administered.

In group L, patients received 15 ml of 0.5% levobupiva-
caine +15ml normal saline. Patients in group BL re-
ceived 15ml of 0.5% levobupivacaine + 150 pug (0.5 ml)
buprenorphine + 14.5ml normal saline. In group BH,
patients were administered 15ml of 0.5% levobupiva-
caine +300pug (1ml) buprenorphine + 14 ml normal
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saline. The final concentration of levobupivacaine used
was 0.25%, and the total volume of drug solution was 30
ml in all the groups.

Preoperatively, all patients were instructed regarding
how to read the VAS that was used for assessing the pain
in the postoperative period. All patients were kept nil or-
ally for 8h before the procedure and were given pre-
medication in the form of tablet alprazolam 0.25 mg and
tablet ranitidine 150 mg the night before and at 6:00 AM
on the day of surgery, with a sip of water. Patients were
given SAB under standard monitoring using 3.0 cc (15
mg) of 0.5% hyperbaric bupivacaine, and surgery was com-
menced after confirming adequate effect of SAB.

After completion of surgery, the patients were shifted
to post anesthesia care unit (PACU) and monitored for
the regression of sensory block to T10 level, following
which they were given LPB with 30 ml of the prepared
drug solution, using ultrasound guidance under strict
aseptic precautions by a trained anesthesiologist, who
was blinded to the prepared drug solution. All the pro-
cedures performed were in accordance with the Helsinki
Declaration of 1975, as revised in 2013.

Subsequently, each patient was observed for pain, vi-
tals, and side effects at hourly intervals as mentioned in
the proforma (ie., 0, 1, 2, 4, 6, 12, 18, and 24 h) for 24 h
by an anesthesiologist blinded to group assignment. For
the first 24 h, the protocol for postoperative pain con-
sisted of standard orders of i.v. diclofenac 1.5 mg/kg stat
for VAS >4 and, for breakthrough pain, iv. tramadol
hydrochloride 2 mg/kg as and when required. The pa-
tients were evaluated for the following in the postopera-
tive unit-

Duration of analgesia post LPB—measured from the
time after giving LPB to the administration of 1st
rescue analgesic

Total pain free interval—measured from the time
after giving SAB to the administration of 1st rescue
analgesic

The cumulative rescue analgesic doses per patient in
each group and number of patients requiring rescue
analgesia at different time intervals up to 24 h

Pain scores using 11-point VAS, where 0 is no pain
and 10 is worst imaginable pain

Hemodynamic parameter variability in heart rate,
systolic blood pressure, diastolic blood pressure, and
mean blood pressure

Side effects—patients were asked to rate the severity
of nausea and vomiting on a 4-point scale (1—none,
4—severe); sedation was evaluated using modified Ram-
say Sedation Score (RSS)

The primary outcome of the study was the duration of
analgesia post LPB. The secondary outcomes were the
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total pain free interval, pain scores (VAS), the cumulative
rescue analgesic doses per patient in each group, number
of patients needing rescue analgesia, and sedation levels at
various time intervals.

Sample size was calculated based on a previous study
by Jain et al. (2017), which computed that approximately
25 patients should be included in each group to detect
clinically significant difference in duration of block and
postoperative analgesia between the groups with alpha
error of 0.05 with 90% power and 95% confidence limit.
Assuming a 5% drop out rate, the final sample size was
determined to retain sixty patients for better validation
of results. Hence, each group had 30 patients in the
present study.

The data was entered in MS Excel spreadsheet, and ana-
lysis was done using Statistical Package for Social Sciences
(SPSS) version 21.0. Quantitative variables were compared
using one-way ANOVA test between the three groups. To
determine if the relationship between two sets of data was
statistically significant, Tukey’s HSD (honestly significant
difference) post hoc test was used.

Results

A total of 94 patients were recruited, out of which 4 pa-
tients were excluded from analysis due to block failure.
All the 3 groups were comparable with respect to demo-
graphic variables such as age, gender, BMI, ASA physical
status, and duration of surgery (Table 1).

In the present study, total duration of analgesia post
LPB was significantly prolonged in both the buprenor-
phine groups (9.76 + 1.39 h in group with 150 pug bupre-
norphine and 10.13 + 1.5h in group with 300 pg
buprenorphine) as compared to 4.25 + 0.93 h in the con-
trol group (p <0.001). However, the duration of anal-
gesia between both the buprenorphine groups (ie.,
groups BL and BH) was statistically insignificant (p =
0.509) (Fig. 1).

The total pain-free period of 12.81 + 1.49 h was max-
imum in group BH as compared to 1242 + 1.47h in
group BL and 7.01 + 0.89h in group L. The total pain
free-period was statistically significant between the con-
trol group and both buprenorphine groups (p = 0.001);

Table 1 Demographic profile of patients in three groups
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however, it was statistically insignificant between groups
BL and BH (p = 0.480) (Table 2).

The cumulative rescue analgesic doses per patient in
each group were calculated (Fig. 2). It was higher in
group L (3.10 + 0.40 doses) as compared to group BL
(1.77 + 0.50 doses) and group BH (1.33 + 0.47doses)
which was a statistically significant (p = 0.001) (Table 3).
Hence, rescue analgesic requirement per patient in the
control group (group L) was maximum followed by low
dose (150 pg) buprenorphine group (group BL) and
minimum in group BH (300 pug).

The number of patients requiring rescue analgesics at
studied time interval was also calculated. It was statisti-
cally significant at 4h (p < 0.001), 6h (p < 0.001), 18 h
(p = 0.027), and 24 h (p = <0.001) (Table 4).

It was further observed that group L required rescue
analgesics from the 4th hour onwards up to 24 h. Sixteen
patients in this group required 1st rescue analgesic at
4th hour and the remaining 14 patients demanded 1st
rescue analgesic at 6th hour. Patients in both the bupre-
norphine groups (groups BL and BH) required 1st res-
cue analgesia starting at 12th hour onwards, thereby
indicating longer pain free-period with LPB containing
buprenorphine as an adjuvant.

The mean VAS at 0, 1, 2, 4, 6, 12, 18, and 24'h in all
the 3 groups was calculated. There was significant de-
crease in pain scores in patients of both buprenorphine
groups (BL and BH) as compared to the control group
up to 24h (p < 0.001). The mean pain scores at all time
frames except at 1 and 6 h were significantly higher in
group L as compared to groups BL and BH (Fig. 3).

All patients were comfortable and responded to com-
mands in postoperative period in groups L and BL. In
group BH, patients were sedated in the first hour after
LPB administration with a modified Ramsay Sedation
Score of 1.93 + 0.86. This was statistically significant from
the group L (modified RSS of 1.00 + 0.00, p = 0.003) as
well as from group BL (modified RSS of 1.47 + 0.50, p =
0.043). The maximum modified Ramsay Sedation Score
reached was 4 in 2 patients, while 4 patients had achieved
a RSS of 3 at 1h post LPB administration in group BH,
while the maximum sedation score reached in group BL
was 2 and there was no sedation in the control group at

Variable Group L (n = 30) Group BL (n = 30) Group BH (n = 30) P value
Age (years) 40.87 £ 12.89 3637 £ 11.61 3850 = 14.08 0405
Sex (male/female) 24/6 26/4 25/5 0.787
BMI (kg/mz) 2362 + 282 2301 £ 1.98 22.27 £ 299 0.145
ASA status (I/ 11) 26/4 21/9 22/8 0.271
Mean duration of surgery (min) 107 £ 32.36 111.83 + 28.75 96.67 + 34.95 0.181

Values expressed as mean + SD
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Fig. 1 Duration of analgesia post LPB (in hours). Values expressed as mean =+ SD. Asterisk indicates p value < 0.05
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any point of time post LPB administration. These patients
required active awakening and supplemental oxygen to
prevent any hypoxemia associated adverse events. There
was no residual sedation in postoperative period after 2 h
of performing block in either of the 3 groups (Fig. 4).

The oxygen saturation was normal and comparable
between all the three groups in the rest of the study
period (Fig. 5).

Further, 3 patients had nausea and vomiting in group
BH, which was controlled with inj. ondansetron 4 mg i.v.
stat. Apart from this, none of the patients in any group
had any adverse effect at any point of time.

All the patients were hemodynamically stable in the
postoperative period in all the three groups. Though
there was a statistically significant increase in heart rate
in control group (group L) as compared to the groups
with buprenorphine (i.e., groups BL and BH) at 4 h, 12 h,
18 h, and 24 h after surgery, it was clinically insignificant
and no intervention was required (Fig. 6).

The heart rate was comparable between the groups in
the rest of the study period. There was a statistically sig-
nificant difference in mean blood pressure in between

Table 2 Total pain-free period

group L and groups BL and BH at 4h and 12h and in
between group BH and groups L and BL at 18 and 24 h,
but it did not require any intervention (Fig. 7). The MBP
was comparable between the groups in the rest of the
study period.

Discussion

The results of the present study demonstrated that the
addition of either 150 pg or 300 pg buprenorphine to 30
ml levobupivacaine 0.25% in unilateral lumbar plexus
block provides prolonged duration of analgesia post
LPB, longer pain free interval, decreased pain (VAS)
score, and reduced analgesic requirement. However, the
higher dose of 300 ug leads to significant sedation in first
2 h of the LPB.

The lumbar plexus block provides a valuable modality
for postoperative analgesia as it covers the entire distri-
bution of the lumbar plexus, including the anterolateral
and medial thigh, the knee, and to the saphenous nerve
below the knee, and the use of ultrasound has made the
procedure precise and safe (Lumbar plexus block 2012).

Variable GroupL(n= GroupBL(n= GroupBH(n= F Statistical significance (ANOVA and Tukey’s HSD post
30) 30) 30) ratio  hoc test)
Total pain-free period (in 701 £ 0.89 1242 £ 147 1281 + 149 18321 0.001*

hours)

(L and BL, p = 0.001)
(L and BH, p = 0.001)
(BL and BH, p = 0.480).

Values expressed as mean + SD
*p value < 0.05
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Fig. 2 Cumulative rescue analgesic doses per patient. Values expressed as mean + SD. Asterisk indicates p value < 0.05

Studies conducted to determine the efficacy of LPB as a
method of postoperative analgesia after hip surgeries
under general anesthesia concluded that LPB provides
effective analgesia, reducing postoperative analgesic re-
quirements (Stevens et al. 2000; Sherif et al. 2011).

A study conducted by Sauter et al. to determine the
minimum effective volume of local anesthetic and the ef-
fective doses for a sensory LPB, not requiring motor
block of the femoral nerve, found that for a sensory lum-
bar plexus block, the ED95 was 25.8 ml (Sauter et al.
2015). Therefore, we have used 30 ml of 0.25% levobupi-
vacaine in our study to provide a successful lumbar
plexus block in almost all the patients under study.

Opioids are increasingly being used as an adjuvant in
various regional blocks for their efficacy in prolonging
the duration of block. It has been studied that perineu-
rally administered opioids exert their analgesic effect
through both central and peripheral mechanisms (Can-
dido et al. 2002; Laduron 1984). The mechanism for
centrally mediated analgesia has been postulated to be
its easy penetration through the axonal myelin and nerve
membrane and then centripetal axonal transport of opi-
oids into substantia gelatinosa (Panditrao et al. 2011;
Meunier 1997; Lutfy and Cowan 2004).

Buprenorphine interacts with the opioid receptor-like
(ORL1) receptor, which has distinct pharmacological

Table 3 Cumulative rescue analgesic requirement per patient

characteristics, activation of which leads to inhibition of the
enzyme adenylate cyclase, calcium channel conductance, and
activation of inwardly rectifying potassium channels (Connor
et al. 1996a, b; Knoflach et al. 1996; Vaughan and Christie
1996). The analgesic effect of buprenorphine is the effect of
the suppression of spinal synaptic transmission by alteration
of these two ion channels (Leffler et al. 2012; Wajima et al.
1995). The intense action of buprenorphine peripherally is a
potent property of buprenorphine as a local anesthetic is by
binding to intramembranous part of receptor; it mediates the
tonic and concentration dependent blockade of Na* chan-
nels, thus blocking action potential in the terminal endings
of C fibers. This property is greater than other opioids and
several local anesthetics (Gormley et al. 1996; Takahashi
et al. 2013).

A number of studies have been performed using
buprenorphine as an adjuvant in various peripheral
nerve blocks with encouraging results (Jain et al. 2017;
Jadon et al. 2009; Behr et al. 2012; Paliwal and Karnawat
2013). Studies on the use of buprenorphine in lumbar
plexus block were, however, lacking. Hence, we intended
to study the effect of buprenorphine as an adjuvant to
levobupivacaine in ultrasound-guided lumbar plexus
block for postoperative analgesia in patients undergoing
surgeries around the hip, thigh, and knee, under the sub-
arachnoid block, simultaneously also comparing two

Variable GroupL(n= GroupBL(n= GroupBH (n= F Statistical significance (ANOVA and Tukey’s HSD
30) 30) 30) ratio post hoc test)
No. of analgesic doses per ~ 3.10 + 040 1.77 £0.50 133 £048 118.12 0.001*

patient

(L and BL, p = 0.001)
(L and BH, p = 0.001)
(BL and BH, p = 0.001)

Values expressed as mean + SD
*p value < 0.050
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Table 4 Number of patients requiring rescue analgesic

Variable Group L (n = 30) Group BL (n = 30) Group BH (n = 30) P value
Oh 0 0 0 -

1h 0 0 0 -

2h 0 0 0 -

4h 16 0 0 <0.001
6h 14 0 0 <0.001
12h 23 28 25 206
18h 16 7 8 027
24h 24 18 7 <0.001

different doses of buprenorphine viz. 150 ug and 300 pg
to determine the optimal dose.

Murdoch et al. (2002) conducted a study comparing 3
concentrations of levobupivacaine viz. 0.0625%, 0.125%,
and 0.25% for postoperative analgesia via continuous
epidural infusion in 105 patients undergoing hip or knee
replacement surgery. They concluded that levobupiva-
caine as a continuous epidural infusion provided ad-
equate postoperative analgesia and that the 0.25%
concentration provided significantly longer analgesia
than 0.125% or 0.0625% levobupivacaine without any
significant increase in detectable motor blockade relative
to the 0.125% group; hence, a concentration of 0.25%
was used in our study.

In the current study, the mean duration of analgesia
post LPB was significantly prolonged in both the bupre-
norphine groups (9.76 + 1.39h in group BL and 10.13 +
1.5h in group BH) as compared to 4.25 + 0.93h in the
control group (p = 0.000). Jain et al. (2017) used 300 pg

buprenorphine as an adjuvant to 0.5% ropivacaine in the
supraclavicular brachial plexus block. They reported an
increase in the duration of analgesia of approximately 7
h as compared to the control group. This result of their
study is consistent with our study, in which demand for
1st rescue analgesic was prolonged by approximately 6 h
in 300 ug buprenorphine group. However, there was an
overall increase in the duration of analgesia to up to
14.5h in the buprenorphine group and up to 7.5 h in the
control group in the study conducted by Jain et al. This
may be due to the higher concentration of local
anesthetic used (0.5% ropivacaine) in their study.
Similarly, Paliwal and Karnawat (2013) used 300 pg
buprenorphine as an adjuvant with racemic bupivacaine
0.25% in supraclavicular brachial plexus block and found
that the demand for 1st rescue analgesia was prolonged
by approximately 7.5 h in the buprenorphine group. This
is also in concordance with the present study. However,
the total duration of analgesia was more in their study
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Values expressed as Mean + SD

* indicates p value < 0.05

Fig. 3 Postoperative pain scores (VAS). Values expressed as mean + SD. Asterisk indicates p value < 0.05
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Fig. 4 Postoperative modified Ramsay Sedation Score (RSS). Values expressed as mean + SD. Asterisk indicates p value < 0.05

(6.16 + 1.86 h in the control group and 13.71 + 6.96 h in
the buprenorphine group), which may be attributable to
the higher volume of local anesthetic used by them in
their study (40 ml in supraclavicular block, as compared
to 30 ml in LPB in the present study).

The cumulative recue analgesic doses per patient and
the total number of rescue analgesics doses in each
group was significantly less in groups in which bupre-
norphine was administered (i.e., groups BL and BH), as
compared to control group (group L) in our study. The
control group required rescue analgesic doses from 4th
hour onwards up to 24 h. Sixteen patients in group L re-
quired rescue analgesic at 4th hour and the remaining
14 patients demanded rescue analgesic at 6th hour.

Patients in both the buprenorphine groups (groups BL
and BH) required rescue analgesia starting at 12th hour,
thereby indicating longer pain free-period with LPB con-
taining buprenorphine as an adjuvant. These observa-
tions are also consistent with studies by Behr et al
(2012) and Paliwal and Karnawat (2013) (using either
150 pug or 300 pug of buprenorphine), where the authors
have stated that the requirement of rescue analgesics
was less when compared with the control group.

Our study shows significantly lower VAS scores with
the use of buprenorphine in either dose (150pug or
300 pg). A statistically significant difference was found in
the VAS scores between groups L and BL, and L and BH
from 2nd h onwards up to 24 h postoperatively. Similar
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Fig. 5 Postoperative oxygen saturation (% SpO,). Values expressed as mean + SD. Asterisk indicates p value < 0.05
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reduced VAS pain scores were also reported by Paliwal
and Karnawat (2013).

In group BH patients in the 1st 1 h after LPB adminis-
tration, a modified RSS of 1.93 + 0.86 was achieved. This
was statistically significant from the control group (p =
0.003) and between the groups BL (p = 0.043). This in-
crease in sedation in the group BH led to respiratory de-
pression in these patients, causing a decrease in the
arterial oxygen saturation. These patients required active
awakening and supplemental oxygen to prevent any hyp-
oxemia associated adverse events. There was no residual

sedation in postoperative period after 2 h of performing
block in either of the 3 groups.

In the study by Paliwal and Karnawat (2013), a similar
sedation was encountered in 40% of the patients in the
300 pug buprenorphine group, as compared to none in
the control group. However, the effects of a dose of
150 ug were not studied. So, a difference between the
sedation effects of different doses of buprenorphine
could not be commented upon. They had also not com-
pared the sedation scores statistically. We could not find
any other studies comparing the sedation scores in the
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Fig. 7 Postoperative mean blood pressure (mm Hg). Values expressed as mean + SD. Asterisk indicates p value < 0.05
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postoperative period. Therefore, more studies are needed
to evaluate this parameter.

Further limitations of the current study include non-
inclusion of the elderly age group which would be more
vulnerable to hemodynamic variations and respiratory
depression than the ASA land 2 participants enrolled in
the present study.

Conclusion

Buprenorphine in doses of 150 and 300 ug as an adju-
vant to levobupivacaine in lumbar plexus block reduces
postoperative pain scores, thus prolonging the duration
of analgesia and decreasing the requirement of analge-
sics. However, a dose of 300 ug may lead to significant
adverse events such as sedation and respiratory depres-
sion. Hence, buprenorphine in a dose of 150 pg as an ad-
juvant to levobupivacaine in lumbar plexus block is
more suitable for postoperative analgesia.
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