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Fuat Güldoğuş, M.D., Ph.D., and Ayla Tür, M.D., Ph.D.

Background and Objectives: To evaluate the analgesic and anesthetic effects of 40 mL bupivacaine 0.25%, 40
mL bupivacaine 0.25% plus fentanyl 2.5 �g/mL, and 40 mL bupivacaine 0.125% plus fentanyl 2.5 �g/mL for
axillary brachial plexus block.

Methods: Sixty patients were randomly allocated to 3 groups and received axillary brachial plexus block with
40 mL bupivacaine 0.25% (group B), 40 mL bupivacaine 0.25% with fentanyl 2.5 �g/mL (group BF), or 40 mL
bupivacaine 0.125% with fentanyl 2.5 �g/mL (group DBF). The onset times and the duration of sensory and
motor blocks, duration of analgesia, hemodynamic parameters, and adverse events were noted.

Results: The mean duration of sensory block and analgesia were longer in group BF (10.1 hours and 20.9
hours) than group B (6.9 hours and 11.6 hours) and DBF (5.9 hours and 12.0 hours) (P � .01, P � .001,
respectively). The mean duration of motor block was also longer in group BF (10.7 hours) than group B (4.9
hours) (P � .01). Only 2 patients experienced motor block in group DBF. The frequency of successful block was
35% in group DBF (P � .01). Hemodynamic parameters were similar in all groups. In group B, only 1 patient
experienced dizziness. Nausea was observed in 1 patient in each fentanyl group.

Conclusion: The addition of 100 �g/mL fentanyl to 0.25% bupivacaine almost doubles the duration of
analgesia following axillary brachial plexus block when compared with 0.25% bupivacaine alone. Reg Anesth
Pain Med 2001;26:434-438.
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S ince the demonstration of opioid receptors in
the peripheral nervous system,1 the use of opi-

oids alone or in combination with local anesthetics
for peripheral nerve blocks has aroused interest.
However, the results of investigations about com-
binations of opioids with local anesthetics remain
controversial. Opioid receptors have been discov-
ered on immune cells and peripheral neurons in
animals.2,3 Several studies have shown that the ad-
dition of opioids to local anesthetics in peripheral
nerve blocks improved analgesia,4-6 whereas others
have not demonstrated improvement.7,8

It has been suggested that peripheral administra-
tion of opioids improves analgesia and reduces sys-

temic side effects and total dose of local anesthetic
required. The aim of our study was to evaluate the
effect of fentanyl addition to bupivacaine 0.25% or
0.125% in axillary brachial plexus block on the
quality, onset, and duration of block for elective
upper extremity surgery.

Methods

After institutional ethics committee approval and
written, informed consent, 60 patients, aged 18 to
60 years, weighing 50 to 100 kg, American Society
of Anesthesiologists (ASA) I and II, undergoing
elective surgery of the hand, forearm, or elbow
under axillary brachial plexus block were enrolled
in the study. Patients with a history of cardiac,
respiratory, hepatic and/or renal failure, coagulopa-
thy, local infection, and any reaction to local anes-
thetics were excluded.

Patients were not premedicated before the block.
A 20-gauge intravenous cannula was inserted into
the contralateral arm. Routine monitoring con-
sisted of electrocardiogram, noninvasive measure-
ment of arterial blood pressure, peripheral oxygen
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saturation, and respiratory rate monitoring. Axil-
lary block was performed in the supine position
with the upper arm abducted 90° and the elbow
flexed at 110°. After shaving and draping the axilla
with sterilized drapes, the axillary artery was fixed
against the patient’s humerus by 2 fingers of the
anesthetist’s left hand in the proximal part of the
axilla. A nerve stimulator (StimuplexDig; Braun,
Melsungen, Germany) and a 22-gauge insulated
short beveled needle with extension tubing (Stimu-
plexDig; Braun) were used to identify the brachial
plexus. The needle was advanced towards the up-
per border of axillary artery until the axillary sheath
was entered as evidenced by a click. Once the nee-
dle was placed subcutaneously, the nerve stimula-
tor was set to deliver impulses of 2 Hz frequency
and 2 mA intensity. When flexion of hand and
wrist was observed in response to stimuli, the out-
put of the nerve stimulator was reduced to 1 mA
and then 0.5 mA. If muscle contractions persisted, 2
mL of local anesthetic solution was injected. If no
motor response returned, and after aspiration to
exclude intravascular placement, 40 mL local anes-
thetic solution was injected. If the motor response
was not abolished in a few seconds, the needle was
readvanced to again localize the brachial plexus for
2 more times using the same technique. All axillary
blocks were performed by the same anesthetist.

Patients were randomly assigned to receive either
40 mL of bupivacaine 0.25% (group B, n � 20), 40
mL of bupivacaine 0.25% with fentanyl 2.5 �g/mL
(group BF, n � 20), or 40 mL bupivacaine 0.125%
with 2.5 �g/mL (group DBF, n � 20) in a random-
ized, double-blinded fashion. When the injection
was completed, the arm was adducted and distal
pressure was applied to prevent the distal flow of
the local anesthetic solution. All blocks were per-
formed by one of the authors, who was unaware of
the injected solution, and another observer un-
aware of group performed assessment of the axil-
lary block.

Both sensory and motor components of the block
were assessed every 5 minutes for 30 minutes and
thereafter on arrival in the postoperative care unit
and on discharge from the hospital. The onset time
of the sensory block, defined as the time between
injection and the complete ablation of the pinprick
test (normal, impaired, or absent sensation), was
evaluated in median, ulnar, radial, and musculocu-
taneus nerves in both the arm and the forearm.
Motor block was evaluated by using hand grip with
a modified Bromage scale: normal, impaired, or
absent motor function.8,9 Duration of sensory block
was defined as the time from complete block to
return of the paresthesia. Motor block duration
time was defined as the time of complete motor

block to the restoration of full hand and wrist mo-
bility. Patients were questioned about duration of
analgesia (time from axillary block to the onset of
pain; i.e., Visual Analogue Scale [VAS] � 4) every
hour for the first 2 hours, and thereafter every 4
hours for the rest of the study. Thirty minutes after
local anesthetic injection, patients were permitted
to be prepared for surgery and approximately 45
minutes after the axillary block, surgery was begun.

If the block was inadequate for surgery, addi-
tional local anesthetic infiltration was performed
with 1% prilocaine. Successful block was declared if
additional local anesthetic (1% prilocaine) infiltra-
tion was not needed. If the patient experienced
discomfort during the operation, fentanyl 1 �g/kg
and/or midazolam 0.05 mg/kg was given. General
anesthesia was planned when these treatment mo-
dalities failed, and these patients were excluded
from the study.

Heart rate, peripheral oxygen saturation, respira-
tory rate, and blood pressure were measured before
the axillary block and 5, 10, 20, 30, 45, and 60
minutes after the axillary block and thereafter ev-
ery 60 minutes for 2 hours postoperatively. Addi-
tional adverse events (bradycardia, dizziness, nau-
sea and vomiting, and sedation) were recorded.

Descriptive variables were analyzed using Mann-
Whitney U test and �2 test as appropriate. Sedation
levels were analyzed using the �2 test. A P value less
than .05 was considered to be statistically signifi-
cant. Values are expressed as mean � SEM.

Results

There was no significant difference between
groups in age, weight, or sex (Table 1). Duration of
surgery in group DBF was significantly shorter than
the other groups (P � .001). The distrubition of the
surgical types among groups are shown in Table 2,
and there was no difference in the number of hand,
forearm, or elbow surgery in groups.

Onset times of sensory and motor block were

Table 1. Patient Characteristics

Group B
(n � 20)

Group BF
(n � 20)

Group DBF
(n � 20)

Age (yr) 41.5 � 3.8 38.7 � 2.5 47.8 � 2.6
Weight (kg) 69.3 � 2.8 71.3 � 2.6 73.0 � 3.3
Sex (M/F) 9/11 10/10 9/11
Duration of surgery

(min) 73.4 � 10.0 64.1 � 13.3 34.4 � 4.0*
Onset of surgery 44.6 � 1.5 42.6 � 1.8 41.1 � 1.4

NOTE. Values are expressed as mean � SD. Group B, axillary
bupivacaine 0.25%; group BF, axillary bupivacaine 0.25% plus
2.5 �g/mL fentanyl; group DBF, axillary bupivacaine 0.125% plus
2.5 �g/mL fentanyl.

*P � .01 compared with groups B or BF.
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similar in all groups (Table 3). The duration of
sensory block and analgesia were longer in group
BF than the other groups (P � .01, P � .001,
respectively) (Table 3). In the DBF group, only 2
patients (10%) experienced motor block, and du-
ration of motor block was not assessed in group
DBF. Complete motor block was achieved 50% in
both groups B and BF, and the incidence of com-
plete motor block in groups B and BF was higher
than group DBF (P � .05). The duration of motor
block in group BF was significantly longer than
group B (P � .01). The success rate of each nerve
trunk is shown in Table 4.

The incidence of successful block was lower in
group DBF (35%) than group B (85%) and group
BF (95%) (P � .01). The use of additional fentanyl
or midazolam during operation was similar in all
groups. Five patients in both groups B and BF re-
quired a single fentanyl dose. Two patients in group
DBF required both single fentanyl and midazolam
doses. General anesthesia was not needed in any
patient in any group.

There were no significant differences between
groups in hemodynamic variables, peripheral oxy-
gen saturations, or respiratory rate.

One patient in group B experienced dizziness,
and 1 patient in each fentanyl group developed
mild nausea. Sedation was not observed in any
group.

Discussion

The results of our study suggest that the addition
of fentanyl 2.5 �g/mL to bupivacaine 0.25% for
axillary brachial plexus block prolongs the duration
of anesthesia and analgesia without increased side
effects, whereas fentanyl 2.5 �g/mL with bupiva-
caine 0.125% did not provide any additional effect.
Moreover, the combination of fentanyl 2.5 �g/mL
and bupivacaine 0.125% resulted in more unsuc-
cessful blocks, and required more local anesthetic
supplementation.

In order to limit side effects, as well as the inten-
sity of motor block, dilute local anesthetic solutions
are often used, but the quality and duration of the
analgesia obtained may be insufficient for surgery.
Therefore, opioids are added to local anesthetics to
improve anesthesia and prolong analgesia. In a pre-
vious study, it was shown that very dilute solutions
of local anesthetic combined with fentanyl pro-
duced results comparable to a more concentrated
solution of the same local anesthetic solution with
minimal motor block during labor.10 In our study,
2.5 �g/mL fentanyl and 0.125% bupivacaine, the
success rate of block was diminished, and more
additional local anesthetic infiltration was required.

There has been increasing interest in the combi-
nation of local anesthetics and opioids to improve
the quality and duration of nerve blocks. It was
noted that the onset is more rapid and anesthesia
more complete and more prolonged when fentanyl
is added to bupivacaine solutions for regional anes-
thesia.11 Some receptors mediate nociception on
peripheral sensory axons, and the peripheral ad-
ministration of opioids has analgesic effects. The
mechanisms of the analgesic effects of these drugs
are unclear. Opioids may directly act on the nerves
with local anesthetic action and/or synergistic ef-

Table 4. Success Rate for Each Nerve Trunk

Group B
(n � 20)

Group BF
(n � 20)

Group DBF
(n � 20)

Median nerve 17/20 19/20 7/20
Ulnar nerve 17/20 19/20 7/20
Radial nerve 16/20 18/20 6/20*
Musculocutaneous nerve 12/20 13/20 3/20*

NOTE. Values are number of patients (%). Group B, axillary
bupivacaine 0.25%; group BF, axillary bupivacaine 0.25% plus
2.5 �g/mL fentanyl; group DBF, axillary bupivacaine 0.125% plus
2.5 �g/mL fentanyl.

*P � .05 compared with groups B or BF.

Table 2. Types of Surgery

Group B
(n � 20)

Group BF
(n � 20)

Group DBF
(n � 20)

Tendon transfers or repair 10 9 9
Internal fixation 8 5 6
Hardwire removal 1 3 3
Contracture releasing 1 3 2

NOTE. Group B, axillary bupivacaine 0.25%; group BF, axillary
bupivacaine 0.25% plus 2.5 �g/mL fentanyl; group DBF, axillary
bupivacaine 0.125% plus 2.5 �g/mL fentanyl.

Table 3. Onset and Duration of Anesthesia and
Analgesia After Axillary Block

Group B
(n � 20)

Group BF
(n � 20)

Group DBF
(n � 20)

Onset of sensory
block (min) 23.8 � 1.8 27.3 � 1.6 27.3 � 2.7

Onset of motor
block (min) 22.9 � 1.7 25.1 � 1.8 26.1 � 2.7

Duration of sensory
block (h) 6.9 � 0.2 10.1 � 0.7* 5.9 � 1.4

Duration of motor
block (h) 4.9 � 0.6 10.7 � 1.8† —

Duration of
analgesia (h) 11.6 � 0.4 20.9 � 0.4‡ 12.0 � 0.5

NOTE. Values are expressed as mean � SD. Group B, axillary
bupivacaine 0.25%; group BF, axillary bupivacaine 0.25% plus
2.5 �g/mL fentanyl; group DBF, axillary bupivacaine 0.125% plus
2.5 �g/mL fentanyl.

*P � .01 compared with groups B or DBF.
†P � .01 compared with group B.
‡P � .001 compared with groups B or DBF.
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fects with injected local anesthetics. Previous exper-
imental electrophysiologic studies have also sug-
gested that opioids might exert a nonspecific action
by impairing sodium and potassium conductions or
an increase in calcium conduction in the nerve
fibers.12,13 When injected near neurovascular
sheaths, opioids may cause systemic effects by ab-
sorption to systemic circulation.14 Furthermore,
when opioids are perineurally injected, they are
carried by opioid binding proteins to the dorsal
horn neurons and may exert central effects.15

There are conflicting results in clinical studies
concerning the benefit of opioids and local anes-
thetics for peripheral nerve blocks. Fletcher et al16

showed no clinical benefit adding 100 �g of fenta-
nyl to 1.5% lidocaine with 1:200,000 epinephrine
for axillary brachial plexus block, although a faster
onset time of anesthesia was noted. Similarly, Flory
et al7 demonstrated no improvement in quality of
analgesia after 5 mg of morphine was added to
0.5% bupivacaine 40 mL for supraclavicular block.
Although interscalene brachial plexus block may
take 30 minutes to be fully established, in the latter
study, all patients underwent general anesthesia 15
minutes after the block, and assessing the efficacy of
the block is difficult during the intraoperative pe-
riod. In another study, supraclavicular block with
fentanyl 75 �g added to mepivacaine 1.5% and
epinephrine 5 �g/mL was shown to have no clinical
benefit when compared with a systemic fentanyl
group.17 Interestingly, Gormley et al8 claimed that
alfentanil added to lidocaine with epinephrine has
no postoperative analgesic effect; yet they also re-
ported that duration of the sensory and motor func-
tions were significantly prolonged in the alfentanil
group. Bazin et al5 found that the addition of mor-
phine 75 �g/kg, buprenorphine 3 �g/kg, or sufen-
tanil 0.2 �g/kg to 2 mg/kg of lidocaine 1% and 1
mg/kg of bupivacaine 0.5% mixture with 1:200,000
epinephrine lengthened the duration of analgesia.
Nishikawa et al18 suggested that the addition of
fentanyl to lidocaine for axillary brachial plexus
block delayed onset of analgesia, but the success
rate of block was improved.

A systematic review of analgesic adjunts for bra-
chial plexus block demonstrated that evidence re-
garding the analgesic effects of opioid adjunts re-
mains equivocal, and more evidence is required
before recommending use.14 Similar to these stud-
ies, our results showed that fentanyl 2.5 �g/mL
with bupivacaine 0.25% provided more prolonged
and effective analgesia than the bupivacaine alone.
The lack of a systemic fentanyl group can be taken
as a weakness of our study. However, Gormley et
al8 have shown that opioid injection near the neu-

rovascular sheath provided insufficient plasma con-
centration to produce systemic effects.

The reason for such varied results may be that
certain opioids are not able to penetrate layers of
axonal myelin. It is also possible that the prepared
local anesthetic and opioid solutions (sometimes
with epinephrine) may alter the quality and onset
of block by changes in pH of the solution. It is
known that pH of the local anesthetic solution plays
an important role in the onset of anesthesia. Our
results showed that the addition of fentanyl to bu-
pivacaine caused no significant clinical difference
on the onset of sensory or motor block in axillary
block, but duration of analgesia lasted twice that
produced by bupivacaine alone. Sensory and motor
block were also prolonged with fentanyl and bupiv-
acaine combination. These results suggest that the
prolongation in sensory and motor block may be
the result of the local anesthetic action of fentanyl
affecting both sensory and motor neurons in the
axillary sheath.

Different study designs, the use of different local
anesthetics or opioids (high or low lipid solubility),
the different site of the block (axillary, supraclavic-
ular, interscalene), addition or ommission of epi-
nephrine to the block solution, and the pH differ-
ences of the combined solutions may be other
reasons for such varied results. Another major
problem concerns the lack of dose response studies
for these peripheral opioid trials. Considering that
the majority of studies have found no improvement
by combining an opioid and local anesthetic in pe-
ripheral nerve blocks, it is remarkable that our
study shows the most significant results ever pub-
lished. This may be caused either by the fortuitous
doses used, the agents chosen, or both. Although
fentanyl and bupivacaine have not previously been
reported for axillary brachial plexus block, the most
remarkable methodologic difference of our study is
that in order to avoid any possible peripheral anal-
gesic effects, we have chosen to use the local anes-
thetic at the minimum effective concentration. This
is in sharp contrast with other and mostly contra-
dictory studies in which the local anesthetic con-
centration used was at the higher end of the effec-
tive concentration range. In previous studies, the
concentration of the local anesthetic agent used in
opioid was 0.5% for bupivacaine,5,7 1.5% for lido-
caine,8,16,18 and 1.5% for mepivacaine.17 The rec-
ommended minimum and maximum local anes-
thetic concentrations are 0.25 to 0.5% bupivacaine,
1% to 2% lidocaine and mepivacaine.19 These find-
ings suggest that higher local anesthetic concentra-
tions may mask the opioid effect, and choice of the
anesthetic concentration may be important in dem-
onstrating synergistic effect.
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In conclusion, our study demonstrated prolonga-
tion of sensory and motor block with the addition of
fentanyl 2.5 �g/mL to bupivacaine 0.25% for axil-
lary brachial plexus block. However, no improve-
ment in the onset of anesthesia was achieved with
this admixture. Dilute bupivacaine with fentanyl is
not a recommended mixture for axillary brachial
plexus block due to the high incidence of unsuc-
cessful block rate.
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