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Abstract

Purpose The aim of this study was to assess whether
addition of epineural buprenorphine prolonged postopera-
tive analgesia of middle interscalene brachial plexus block
(MIB) with levobupivacaine.

Methods One hundred and fifty consenting adult patients,
scheduled for shoulder arthroscopic surgery for a rotator
cuff tear under MIB with 29.5 ml of 0.75 % levobupiva-
caine, were randomized to receive additionally either saline
or intramuscular buprenorphine 0.15 mg or epineural bu-
prenorphine 0.15 mg. Onset of sensory and motor blocks,
duration of postoperative analgesia, and consumption of
postoperative analgesics were compared among the groups.
Results There were significant (P < 0.05) differences in
the onset and the duration of the sensory block and in the
duration of postoperative analgesia. Duration of both sen-
sory block and postoperative analgesia was longer
(P < 0.05) in patients who had received epineural bupr-
enorphine (856.1 &+ 215.2 and 1,049.7 £ 242.2 min) than
in patients who had received intramuscular buprenorphine
(693.6 = 143.4 and 820.3 £ 335.3 min) or saline (488.3 £+
137.6 and 637.5 4 72.1 min). Requirement of postoperative
rescue analgesics was lower in the epineural buprenorphine
group than in the other two groups. Few complications
occurred from MIB (<1 %) and none from buprenorphine.
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Conclusions Epineural buprenorphine prolonged postop-
erative analgesia of MIB more effectively than intramus-
cular buprenorphine, which suggests that buprenorphine
acts at a peripheral nervous system site of action.
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Introduction

Since the first successful reports at the turn of the 19th
century, upper extremity nerve block has gained progres-
sively wider popularity to become the most common nerve
block in current anesthesiology practice [1, 2]. In the past
two decades, the efficacy and safety of nerve blocks have
improved as a result of important technical advances:
needles are less traumatic, nerve localization more precise,
and local anesthetics safer [2].

We recently reported on a new anatomical approach for
brachial plexus anesthesia, the middle interscalene block
(MIB) [3-5] carried out with levobupivacaine [5]. Levo-
bupivacaine is a long-acting local anesthetic with an effi-
cacy profile similar to that of bupivacaine but with a safer
profile [6]. Depending on dose and concentration, and the
number and site of injections, levobupivacaine provides a
widely variable duration of postoperative analgesia that
does not, however, completely prevent postoperative pain
[3, 6, 8]. A substantial prolongation of postoperative
analgesia is achieved with continuous catheters and a
moderate prolongation with a variety of adjuvants (i.e.,
op-agonists, benzodiazepines, cholinergics, epinephrine,
opioids, and steroids) admixed to the local anesthetic
[7-11]. Lack of homogeneous cohorts and appropriate
control groups and lack of basic comprehension on how the
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opioids work on the peripheral nervous system (PNS)
undermine available evidence in favor of epineural opioids
[9-11]. In fact, the benefits of adding an opioid to local
anesthetics decline when a control group is included [9—
11]. In the subclavian perivascular plexus block, however,
when buprenorphine 0.3 mg is added to a mixture of
mepivacaine, tetracaine, and epinephrine, the duration of
postoperative analgesia triples (i.e., 17.4 vs. 5.3 h) [7].
When added to bupivacaine for sciatic nerve blockade,
however, buprenorphine enhances post-block analgesia less
than when it is added to mepivacaine and tetracaine for
brachial plexus block [7, 12]. The findings suggest that
factors such as features of local anesthetics, block tech-
nique, and nerve anatomy may be relevant to the efficacy
of adjuvant opioids.

The present randomized, double-blind study investi-
gated the effects of adding intramuscular or epineural bu-
prenorphine 0.15 mg to MIB with levobupivacaine 0.75 %
for patients undergoing arthroscopic rotator cuff repair.
Our primary outcome was the duration of postoperative
analgesia.

Materials and methods

After obtaining the approval of the Institutional Ethics
Committee and informed written consent, 150 adult
patients, aged 18-80 years, ASA physical status classifi-
cation 1-2, and scheduled for arthroscopic rotator cuff
repair were enrolled in this double-blind, prospective,
single-center randomized trial. Patients who were either
ASA physical status classification >3, or were suffering
from cardiac, coagulative, neurological, respiratory, hepa-
tic, or renal disease, or were pregnant women, or patients
with a personal history of opioid abuse or allergy to local
anesthetics were excluded from the study. All procedures
were carried out in a standardized fashion by the same
surgical team. Patients were randomized according to a
computer-generated list of random numbers that were
placed in an opaque envelope and concealed from the
investigators.

On arrival at the operating room, all patients had an
18-gauge venous access in the contralateral arm. A stan-
dard noninvasive monitoring (i.e., ECG, SpO,, noninvasive
blood pressure) was established, and oxygen was delivered
via face mask. Intravenous midazolam and fentanyl were
titrated for patient comfort, while ensuring that patients
remained responsive to verbal cues.

Drugs were prepared according to the randomization list
by an anesthesiology nurse who was not further involved in
the care of the study patient. A second anesthesiologist
unaware of the treatment assessed the onset of the sensory
and motor block.

MIBs were carried out as previously described by an
anesthesiologist with at least 4 years experience with the
technique [4, 5]. Briefly, with the patient in the beach chair
position, the subclavian artery pulse, the midpoint of the
clavicle, and the spinous process of C7 are identified as
surface landmarks. After aseptically preparing and infil-
trating the skin with 5 ml of 2 % lidocaine, a 35-mm,
24-gauge, Teflon-coated needle, connected to a nerve
stimulator, is inserted laterally close to the subclavian
artery pulse following a straight line which from the mid-
point of the clavicle is posterolaterally tangent to the
subclavian artery pulse; the needle has to follow in depth
the transverse plane of C7 in a horizontal or slightly
cephalad direction. Stimulation parameters were initially
set as follows: frequency 2 Hz, duration of stimulation
pulse 0.1 ms, intensity 0.5 mA. After an appropriate motor
response was elicited, the stimulus intensity was reduced.
The placement of the needle was considered correct when
deltoid or biceps contractions were evoked with an inten-
sity of 0.3 mA.

Patients were randomly assigned to receive one of the
following treatments consisting of a mixture of two drugs
given epineurally for MIB and of a third drug given
intramuscularly in the contralateral deltoid:

1. Group CONTROL: received MIB using 29.5 ml of
0.75 % levobupivacaine [Chirocaine, Abbott, Camp-
overde di Aprilia (LT), Italy] plus 0.5 ml of saline
solution and intramuscular deltoid injection of 0.5 ml
of saline solution

2. Group IMB: received MIB using 29.5 ml of 0.75 %
levobupivacaine plus 0.5 ml of saline solution and
deltoid injection of 0.5 ml of buprenorphine 0.15 mg.

3. Group ENB: received MIB with 29.5 ml of levobup-
ivacaine 0.75 % plus 0.5 ml of buprenorphine 0.15 mg
and deltoid injection of 0.5 ml of saline.

After evidence of a successful MIB, the patient was
taken to the operating room for surgery. The anesthesio-
logical plan was to proceed with general anesthesia in case
the block has been unsuccessful at 30 min after MIB.
Following surgery, patients were transferred to the post-
anesthesia care unit or to the orthopedic ward and moni-
tored for quality and duration of postoperative analgesia,
complications, and side effects.

After performance of MIB, an anesthesiologist blind to
patient treatment group assessed onset of sensory and
motor blocks of the axillary, musculocutaneous, median,
radial, and ulnar nerves every 5 min in the first 30 min.
After surgery, nursing staff unaware of patient allocation
recorded, at 2, 4, 6, 8, 12, 24, and 36 h postoperatively, the
following variables: intensity of pain at rest and of sensory
block, time to first analgesic and analgesic consumption,
postoperative nausea and vomiting (PONV), sedation, heart
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rate, and arterial blood pressure. Sensory block was
assessed by asking the patient to compare the pinprick
sensation in the primary innervation areas in the anesthe-
tized arm with the contralateral arm as reference. Onset and
duration of sensory block were considered as the times of
initial loss of the pinprick sensation in any dermatome until
the complete recovery of function. Successful sensory
block was defined as an absence of sensation in the entire
surgical territory. Motor block was determined using a
modified Lovett scale ranging from 6 (normal strength) to 0
(complete paralysis) for motor response typical of the
axillary, musculocutaneous, median, radial, and ulnar
nerves. Onset of motor block was the time to first loss of
motor power. Intensity of postoperative pain and of PONV
were assessed on a 10-cm linear visual analogue scale
(VAS) ranging from 0 (no pain or no nausea) to 10 (severe
pain or severe PONV). Patients were instructed to call in
case of pain (i.e., VAS > 3) and were given intramuscular
ketorolac 30 mg or intravenous tramadol 100 mg in 100 ml
of saline solution in case of pain, respectively, of moderate
(i.e., VAS > 3 < 6) or severe (i.e., VAS > 7) intensity. In
case of nausea (i.e., VAS > 3) or vomiting, patients were
given intravenous levosulpiride 25 mg in 100 ml of saline
solution. Times of calls and types and doses of drugs were
recorded along with complications and side effects.

Based on a pilot study on 10 patients, we determined
that a sample size of 44 patients would be sufficient to
detect a 30 % difference in postoperative analgesia with a
power of 0.9 and significance level of 0.05. To account for
larger SD and possible dropouts, 50 patients per group
were included. The projected duration of postoperative
analgesia in the CONTROL (levobupivacaine alone) group
was 621 £ 265 min.

Table 1 Patient clinical features, and anesthesia and surgery times

Statistical analysis was performed using Statistica soft-
ware version 9.0 (StatSoft Italia, Vigonza, Padova, Italy).
Definitional statistics for continuous variables are pre-
sented as means + standard deviation (SD), and for nom-
inal variables as numbers and percentages. Statistically
significant intergroup differences were assessed using
analysis of variance (ANOVA) and a Bonferroni multiple
comparison test. Categorical variables were analyzed with
Yates correct x° test. The nature of significant testing was
two tailed. A P value < 0.05 was considered statistically
significant.

Results

There was no difference in the demographic data among
groups (Table 1); there were significant (P < 0.05) group
differences in the onset and duration of sensory block and
in the duration of postoperative analgesia (Table 1).
Compared to levobupivacaine alone, epineural buprenor-
phine and intramuscular buprenorphine shortened the onset
of sensory block (P < 0.035), prolonged the sensory block
(P <0.001) and postoperative analgesia (P < 0.001)
(Fig. 1), and reduced the postoperative requirement of
analgesic drugs (Table 2).

MIBs were completed in <25 min in all patients. In the
ENB patient group, mean postoperative analgesia was
prolonged (1,049.7 + 242.2 min) compared to that of both
the IMB group (820.3 £ 335.3 min) and the CONTROL
group (637.5 & 72.1 min) (Fig. 1).

PONV occurred in four ENB and six IMB patients,
hypotension in one patient each in the ENB and IMB
groups, respiratory depression in two IMB patients,

Group CONTROL (n = 50) IMB (n = 50) ENB (n = 50) P value
Gender (male) 20 (40) 24 (48) 20 (40) 0.588
Age (years) 56.3 + 12.6 56.8 + 10.8 55.3 + 10.6 0.798
Height (cm) 166.1 £ 7.6 165.1 £ 10.1 167.7 £ 7.8 0.313
Weight (kg) 747 £ 12.6 72.1 + 137 73.4 + 134 0.619
ASA PS I/ 35/15 38/12 31/19 0.749
Duration of surgery (min) 77.8 £13.9 823 +£19.3 85.7 £ 225 0.115
Onset of sensory block (min) 63+ 1.3 57+ 1.7 55+1.2 0.035%"
Onset of motor block (min) 10.3 £ 2.2 9.7 + 2.1 95+ 14 0.101
Duration of sensory block (min) 488.3 £ 137.6 693.6 + 1434 856.1 + 215.2 <0.001% 78

Data are expressed as means £ SD, or as numbers of patients (percent)

All patients received epineural 29.5 ml of 0.75 % levobupivacaine and additional saline (CONTROL) or intramuscular buprenorphine 0.15 mg

(IMB) or epineural buprenorphine 0.15 mg (ENB)

P values are determined by Xz test (gender, ASA PS) and Bonferroni-corrected analysis of variance (ANOVA) (age, height, weight, block onset

and duration, duration of surgery)

* P < 0.05 IMB versus CONTROL; P < 0.05 ENB versus CONTROL; *P < 0.05 ENB versus IMB
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laryngeal nerve block in one CONTROL and two IMB
patients, and arterial puncture in one CONTROL patient
(Table 2). Pruritus did not occur in any patient.

Discussion

The use of buprenorphine as either an intramuscular or
epineural adjunct prolonged the postoperative analgesia of
MIB with levobupivacaine 0.75 % for arthroscopic rotator
cuff repair. Buprenorphine was more effective when given
epineurally than intramuscularly, which suggests that its
primary site of action is the PNS.

The action of opioids on the PNS was shown more than
30 years ago [10]. Since then, several authors have tested
the analgesic efficacy of peripheral opioids and obtained
conflicting results [9—11]. Buprenorphine is of interest
because, in comparison to other opioids, it is more lipo-
philic and likely to access PNS opioid receptors [13, 14].
Gobeaux and Landais [15] reported that fentanyl and
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Fig. 1 Bars represent mean postoperative analgesia (£SD) after
middle interscalene brachial plexus block (MIB) with levobupiva-
caine given with additional either saline (CONTROL), or intramus-
cular buprenorphine 0.15 mg (IMB) or epineural buprenorphine
0.15 mg (ENB). *Significantly different from CONTROL group;
tsignificantly different from IMB; P < 0.001

meperidine reduce the lidocaine dose for a complete
brachial plexus block by stimulating opioid receptors in
the PNS. Viel and coworkers [16] showed that, added to
local anesthetics for brachial plexus block, buprenorphine
3 pg/kg produced longer postoperative analgesia than
morphine 50 pg/kg. Both studies, however, were limited
by lack of control groups. Given its long half-life, the
authors could not rule out a systemic effect of buprenor-
phine. More recently, Candido and coworkers evaluated
the effects of buprenorphine 0.3 mg added to local anes-
thetics for interscalene and axillary brachial plexus blocks
[7, 8]. The latter approach should minimize drug diffusion
to the central nervous system (CNS) [8]. In the first study,
addition of epineural buprenorphine prolonged the duration
of postoperative analgesia more than three fold in com-
parison to a block with only local anesthetics [7]. In the
second study, the same authors demonstrated that epineural
buprenorphine also prolongs pain relief in comparison to
systemic buprenorphine (>80 %) [8]. Consistently with
those by Candido et al., our findings confirm that bupr-
enorphine is more effective when given epineurally than
intramuscularly and suggest that the PNS is the site of
action of epineural buprenorphine.

Duration of local anesthesia depends on several factors
(i.e., type, concentration and volume of the anesthetic,
method of nerve localization and drug injection), making
studies difficult to compare. Here, however, the levobupi-
vacaine MIB determines duration of anesthesia and anal-
gesia comparable to those reported using similar doses of
levobupivacaine with different approaches to the brachial
plexus block [17, 18]. Also, in our patients a satisfactory
postoperative analgesia after MIB with levobupivacaine
and buprenorphine is virtually identical to that reported by
Candido et al. (i.e., 17.5 vs. 17.4 h) using a mixture of local
anesthetics (i.e., mepivacaine 1 %, tetracaine 0.2 %), epi-
nephrine, and a double dose of buprenorphine (i.e., 0.15 vs.

Table 2 Postoperative analgesic drug consumption, complications, and side effects

Group CONTROL (n = 50) IMB (n = 50) ENB (n = 50) P value
Respiratory depression 0 24 0 0.131
Laryngeal nerve block 1) 1) 0 0.602
Artery puncture 1(2) 0 0 0.602
PONV 1(2) 6 (10) 4 (10) 0.155
Ketoralac 22 (44) 12 (24) 7 (14) 0.018"
Tramadol 31 (56) 17 (34) 12 (24) <0.003# "

Data are expressed as numbers of patients (percent)

All patients received epineural 29.5 ml of 0.75 % levobupivacaine and additional saline (CONTROL) or intramuscular buprenorphine 0.15 mg

(IMB) or epineural buprenorphine 0.15 mg (ENB)
P values are determined by y* test

PONYV postoperative nausea and vomiting

* P < 0.05 IMB versus CONTROL, P < 0.05 ENB versus CONTROL, P < 0.05 ENB versus IMB
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0.3 mg) [7]. This rather unexpected result could be caused
by the doses and the characteristics of drugs used in this
study. In the first place, instead of a mixture of mepiva-
caine, tetracaine, and epinephrine, we used a high dose of
levobupivacaine, which is characterized by a long half-life
[6]. In comparison to other local anesthetics, levobupiva-
caine alone determines a 50 % longer analgesic effect than
the combination of mepivacaine and tetracaine (i.e., 637 vs.
318 min) [7]. The dose of levobupivacaine used here is
similar to those of previous studies and within the safety
range [19, 20]. In the second place, the efficacy of bupr-
enorphine is not correlated to its dose in a linear manner.
Although most opioids present an hyperbolic dose—effect
curve, the analgesic activity of buprenorphine in relation to
dose is better described by a bell-shaped curve, because
buprenorphine is an opioid mixed agonist—antagonist with
high binding affinity to ORLI receptors [21].

Rates of complications related to both buprenorphine
and MIB are low. Including the present work, we have
employed MIB in more than 1,000 studied patients, and
important clinical complications (i.e., arterial puncture
hematoma, laryngeal nerve block, respiratory depression)
occurred in less than 1 % of patients; further, there was no
case of pneumothorax or subarachnoid or vertebral artery
injection [3-5].

The study has limitations. First, all MIBs were per-
formed only by very experienced regional anesthesiolo-
gists. This approach seems advantageous in terms of a
high success rate and low complication rate of MIB. It is
possible, however, that the high success rate of MIB
observed in this study would not generalize to our setting
with less experienced anesthesiologists [22]. Also, the
numbers of patients are too small for any firm conclusion
on MIB safety [22]. Second, the relatively large volumes
of local anesthetic (i.e., 29.5 ml of 0.75 % levobupiva-
caine) used in this study are consistent with clinical
practice [19, 20]. However, the findings of this study
cannot be extrapolated to other concentrations and vol-
umes of local anesthetics. Also, the use of ultrasound to
guide MIB could add to precision. Future studies will
investigate whether the MIB dose of epineural bupr-
enorphine can be further diminished by administration
under ultrasound control. Finally, with regard to data
collection, we were limited to assessing pain at 12-h
intervals at 12, 24, and 36 h postoperatively; it is quite
possible that we were unable to determine fluctuating pain
levels in times between these three assessments.

In conclusion, our study in patients undergoing rotator
cuff repair with MIB shows that epineural buprenorphine is
effective in prolonging analgesia and sparing postoperative
analgesics. Buprenorphine, given epineurally, is effective
at lower doses than previous studies reported, indicating
that it acts on PNS neurons.
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