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Low dose axillary block 
by targeted injections of 
the terminal nerves 

Zbigniew I- Koscielniak-Nielsen MD FRCA, 
Per Rotboll Nielsen MD, 
Tommy Sorensen MD, 
Michael Stenor MD 

1~]_,'po~: To compare anesthetic time, success rate and adverse effects of axillary block by single or multiple injec- 
tions of local anesthetic. 
Methods: Two groups of patients were studied. In group T (targeted injections, n = 53) the four terminal nerves 
were located by electrical stimulation, and anesthetized with 5 ml mepivacaine 1% with epinephrine 5/Jg'ml -I 
(MEPE). In group S (single injection, n = 53) 80 mL MEPE I% were injected into the neurovascular sheath, 
transarterially or after eliciting paresthesia. Patchy blocks were supplemented after 30 min. The patient was ready 
for surgery when analgesia was present in all areas distal to the elbow. 
P~,~dts: The block was complete at II rain (6-15) in Group T and 7 min (5-13) in group S , P < 0.01. 
Supplementation was required in 46% in group S compared with 13% in group T. P < 0.001: anesthesia time 
was 32 rain (19-52) in group T, and 39 min (I 6-58) in group S, P=0.02. The average doses of MEPE were 3.5 
mg.kg -i (2.4-5.6) in T group and 12.0 mgkg -i (8.9-16.4), in S group. However, 22% of patients in group T and 
4% in group S reported tourniquet pain, P--0.02. Paresthesia was elicited in 42% of patients in group S and 8% 
in group T, P < 0.001. 
C ~ n d ~ i o ~ :  Small targeted injections of MEPE reduce total anesthetic time, give better spread of analgesia in 
the hand and forearm, and may be safer than a single large injection. 

Object i f :  Comparer la dur~e de I'anesth~sie, le taux de succ& et les effets ind&irables ~ la suite d'un blocage 
axillaire au moyen d'injections uniques ou multiples d'anesth&ique local. 
M&hode  : Les patients ont ~t~ r~partis en deux groupes : dans le groupe C (injections cibl&s, n = 53), les qua- 
tre nerfs terminaux ont ~t~ Iocalis~s par stimulation ~lectrique et insensibilis& avec 5 ml de m~pivaca'ine 1% et 
5/lg'ml -I d'~pin~phrine (MEPE); dans le groupe U (injection unique, n = 53), 80 ml de MEPE 1% ont &~ injec- 
t&  dans la gaine neurovasculaire, de fa~on transart&ielle ou apt& avoir provoqu~ la paresth&ie. Les blocages 
parcellaires ont ~t~ compl&~s apr& 30 min. Le patient &ait pr& pour I'op&ation quand I'analg&ie ~tait pr&ente 
dans toutes les aires distales au coude. 
R&ultats : Le blocage a ~t~ complet apr& I I min (6-15) dans le groupe C et 7 min (5-13) dans le groupe U,  
P < 0,0 I. I'administration d'un supplement a ~t~ n&essaire chez 46 % des patients du groupe U et 13 % du 
groupe C, P < 0,001 : la dur~e de I'anesth~sie a ~t~ de 32 min (I 9-52) dans le groupe C, et de 39 min (I 6-58) 
dans le groupe U, P = 0,02. Les doses moyennes de MEPE ont &~ de 3,5 mg-kg -I (2,4-5,6) dans le groupe C 
et de 12,0 mg-kg -~ (8,9-16,4), dans le groupe U. Toutefois, 22 % des patients du groupe C et 4 % du groupe U 
se sont plaints de douleur li~es au garrot, P = 0,02. La paresth~sie a ~t~ provoqu~e chez 42 % des patients du 
groupe U et 8 % du groupe C, P < 0,001. 
ConcJusloa : Des doses faibles et cibl6es de MEPE r6duisent la dur~e totale de l'anesth&ie, fournissent une plus 
grande &endue de ranalg&ie dans la main et l'avant-bras et peuvent &re plus s0res que l'injection unique d'une 
forte dose. 
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p ERIVASCULAR axillary block often results 
in patchy analgesia after single or transarteriai 
injections, when using manufacturer recom- 
mended doses of local anesthetics, x-s In 

recent years the doses of mepivacaine or lidocaine have 
been increased to 750-900 rag, without adverse 
effects. ~-s On the other hand, blocks should be done 
with the lowest effective dose, and a peripheral nerve 
stimulator allows targeted injections of local anaesthet- 
ics by electrical location of the plexus nerves. Several 
studies have shown that the latter technique of axillary 
block is superior to single injection or the transarterial 
techniques. 6-s An equally effective, but lower approach 
to the terminal nerves of the arm, known as mid- 
humeral or humeral canal block, has also become pop- 
ular. 9 However, locating the multiple nerves by a nerve 
stimulator takes more time, than either single or 
transarterial injections and is technically more demand- 
ing.S,7,s Hence, simpler methods may be preferred by 
anesthesiologists who do not use nerve stimulators, or 
by those who perform the block infrequently. 

Almost all patchy axillary blocks can be effectively 
supplemented by electrically locating the unblocked 
nerves at the more distal site. 3,7,s However, this delays 
surgery and increases the dose of local anesthetic. 
Therefore, more relevant end-points for planning the 
operating list, than the success rate, are the time to 
effective block and the patient's safety. 

This randomized double-blind study compared the 
total anesthetic time, until analgesia was established in 
all areas distal to the elbow, in two groups of patients 
given either a single large (80 mL) or four small (5 mL) 
injections of MEPE 1%. Onset and spread of analgesia 
after the initial block, frequency of supplementation, 
dose of MEPE, patient's cardiovascular response to the 
block and the incidence of local and systemic adverse 
effects were also compared. 

Methods 
After approval by the regional Ethical Committee of 
Copenhagen and Frederiksberg counties 59 men and 
45 women, 18 - 80 yr of age, ASA physical status 1 or 
2, weighing on average 76 kg were studied. Those 
who could not cooperate, had diseases affecting sen- 
sory or motor function of the upper extremity, were 
pregnant or allergic to the amide local anesthetics 
were excluded from the study. Informed consent was 
obtained from each patient and the study was per- 
formed according to the Helsinki II declaration. All 
patients underwent elective or acute surgery of  the 
hand, wrist or forearm. 

Diazepam, 0.1-0.15 mg.kg -1, po was given on the 
morning of surgery to apprehensive patients. Upon 

arrival in the anesthetic room an iv infusion, blood 
pressure cuff and a pulse oximetry probe were 
attached to the "healthy" arm and baseline measure- 
ments of BP and HR were obtained. The arm to be 
operated upon was abducted to at least 90 ~ An ECG 
electrode was placed over the patient's acromion and 
connected to the neutral lead (anode) of the nerve 
stimulator (Stimuplex HNS 11, B. Braun, Melsungen, 
Germany). The patient was then randomized to group 
T (targeted injections), or to group S (single injec- 
tion). After preparing the axilla the stopwatch was 
started. The arterial pulse was palpated at the level of 
the major pectoral muscle crossing the axiUa. The sub- 
cutaneous tissue overlying the artery was infiltrated 
with 5 ml mepivacaine 1% with epinephrine 5 lag.m1-1 
(MEPE), to block the medial cutaneous nerves of the 
arm and forearm. In group T patients, a 24 gauge, 25 
mm long, shaft insulated, short bevelled cannula 
(Stimuplex A, B.Braun AG, Melsungen, Germany) 
was connected to the active lead of  the nerve stimula- 
tor, which was set to deliver 1.5 mA, 0.1 msec long 
current pulses, at i Hz. The cannula was inserted per- 
pendicularly into the neurovascular sheath immediate- 
ly above the artery until motor responses from the 
median and the musculocutaneous nerves were 
observed in synchrony with the stimuli. The current 
was gradually decreased to less than 0.5 mA, while the 
cannula was advanced toward the stimulated nerve. 
Five mL of MEPE 1% were injected at each nerve. The 
cannula was withdrawn and reinserted below the 
artery until motor responses from the ulnar and the 
radial nerves were elicited. The sanae injection tech- 
nique was used as for above the artery. In group S 
patients a 25 gauge, 35 mm long hypodermic needle 
connected to the 20 cm long extension set from 
Plexufix (B.Braun AG, Melsungen, Germany) and a 
20 ml syringe filled with MEPE was tangentially 
inserted in the direction of the artery. After aspiration 
of bright red blood the artery was transfixed and 80 
mL of  MEP 1% with epinephrine 2.5 lag.mL -1 was 
injected behind it. If  hand paresthesia was elicited 
before arterial puncture, the needle was immobilized 
and 80 mL MEPE were injected there. The needle 
was aspirated after every 5 mL to detect accidental 
intravascular injection. After the end of injections the 
stopwatch was stopped and the block performance 
time recorded. The patient assessed block pain on a 
visual analogue scale (VAS 0-10). The anesthetist per- 
forming the block zeroed and restarted the stopwatch 
and left the room. The blocks were performed by the 
first author, other staff members or by supervised res- 
idents and assessed by an anesthesiologist unaware of 
the applied technique. To help patient blinding, the 
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nerve stimulator was switched on in every case, so that 
the beeps were audible and the patient's head was 
turned to the opposite side. 

The onset of  sensory block was assessed in the skin 
areas supplied by seven terminal nerves: axillary (later- 
al side of upper arm), musculocutaneous (lateral side of 
forearm), radial (dorsum of the hand over the 2nd 
metacarpophalangeal joint), median (thenar emi- 
nence), ulnar (base of little finger), medial cutaneous 
nerves of the arm (medial side of upper arm) and of the 
forearm (medial side of the forearm), every 10 min 
after injection of MEPE. This time interval was select- 
ed for convenience. Blood pressure and pulse rate were 
measured non-invasively before each assessment. A 
painful pinch with a plastic clamp was used as a senso- 
ry stimulus to avoid needle puncture marks. Loss of 
pain sensation was defined as analgesia and given one 
point for each nerve. Loss of touch sensation was 
defined as anesthesia and given two points for each 
nerve. Thus, a maximum of 14 points could be scored 
during every assessment. The patient was ready for 
surgery when surgical analgesia (analgesia or anesthe- 
sia) was present in the five sensory areas below the 
elbow. If  pain was felt in any area below the elbow 30 
min after the initial block, the unblocked median, radi- 
al or ulnar nerves were electrolocated at the elbow 
(musculocutaneous n. in the coracobrachial muscle) 
and injected with 5 mL of the MEPE 1%. In patients 
receiving supplementary blocks the sensory assess- 
ments continued without interruption, until the 
patient was ready for surgery, at which time the stop- 
watch was stopped (latency time). The total anesthetic 
time was calctdated by adding the times for block per- 
formance and latency, including when necessary the 
supplementary blocks. Degree of motor block was 
assessed after 30 mira and defined asgood (limp hand), 
fair (weak movements possible, but not against minor 
resistance) or poor (no relaxation). Initial block effec- 
tiveness is given as the percentage of patients in each 
group, who did not need supplementary blocks. The 
spread of analgesia to the seven terminal nerves was 
assessed after 30 min and is given as the percentages of 
patients with analgesia of the respective nerves. 
Patients who requested sedation during surgery were 
given midazolam, 1 - 2.5 mg iv, and those complain- 
ing of tourniquet pain received alfentanil, 0.5 - 1 mg 
iv. Before returning to the ward surgical and tourni- 
quet pain were measured on VAS. The systemic and 
local adverse effects during and after block perfor- 
mance were noted. Neurological sequelae (persistent 
pain and dysesthesie not related to surgery) were 
recorded by the surgeons during the follow-up visits, 
5-10 days after the operation and again 3-4 weeks later. 

Statistics 
In the three previous studies comprising 282 patients 
using either single or transarterial injection tech- 
nique, s,7,s the total anesthetic time averaged 36 + 9 
min (SD). Fifty patients in each group were the esti- 
mated number required to detect a five minute differ- 
ence (MIREDIF) in the anesthetic time consumption, 
assuming type 1 error of 5% and type 2 error of 20%. 
Ratio/interval and ordinal variables: age, body 
weight, tourniquet time, MEPE mg.kg -1, block per- 
formance and latency times, anesthetic time and visu- 
al analogue scores were checked for normality of 
distribution with Liliefors test and described either as 
group means • 1SD or as medians with ranges. 
Binomial variables: initial block effectiveness, spread 
of analgesia to the terminal nerves, intensity of the 
motor block were described as number of patients in 
each category. Student's t test for independent sam- 
ples, Mann-Whitney U test or X 2 test, were used as 
appropriate to compare the two groups. Cardiovascular 
data were presented as means of each measurement 
and compared within groups to the pre-block values 
using Friedman's two-way ANOVA. P < 0.05 was 
considered significant. 

R e s u l t s  

Table I shows the demographic data and the tourni- 
quet time. Group T required more time for perfor- 
mance of the initial block, but because fewer patients 

TABLE I Demographic data and tourniquet time. 

group T group S P 
4 x 5 mL 80 mL 

Age 45 + 18 46 • 17 NS 
Body weight (kg) 75 • 14 77 • 12 NS 
Male/Female 27 / 25 32 / 20 NS 
Tourniquet time (min) 65 • 25 65 • 28 NS 

Group means • SD, or number of patients. 

TABLE II Spread of analgesia 30 min after the initial block 
(unsupplemented). 

Terminal plexus nerves group T group S P 
4 x 5 mL 80 mL 

Med. Cut. Arm 45 (87) 51 (98) 0.03 
Med. Cut. Forearm 52 (100) 52 (100) 1.0 
Axillary 27 (52) 35 (67) 0.1 
Musculocutaneous 52 (100) 37 (71) < 0.001 
Radial 49 (94) 45 (87) 0.18 
Median 48 (92) 40 (77) 0.03 
Ulnar 52 (100) 46 (88) 0.01 

Numbers of patients in each group with percentages in parentheses. 
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TABLE III Initial block effectiveness, intensity of motor block 
and the number of nerves requiring supplementation after 30 rain. 
The mean doses of mepivacaine including supplementary blocks 
are also given. 

group T group S P 
4 x 5 mL 80 mL 

Initial block effectiveness 45 (87) 28 (54) < 0.001 
Motor block 0.43 
Good 28 (54) 20 (38) 
Fair 24 (46) 32 (62) 
No. of supplemented 
nerves 
3 3 (6) 
2 11 (21) 
1 7 (13) 9 (17) 
Mepivacaine dose 
(mg.kg -1) 3.5 (2.4-5.6) 12.0 (8.9-16.4) < 0.001 

Values are numbers of patients with percentages or ranges in 
parentheses. 
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FIGURE 1 Initial block performance time, block latency indud- 
ing the supplementary nerve blocks and the total anesthetic time 
(boxes - medians and quartiles, whiskers - ranges). Numerical val- 
ues above whiskers denote group medians. * P < 0.05. 

required supplementation, the overall latency was 
shorter and therefore, the total anesthetic time was 
reduced compared to group S (Figure 1). Group T 
had also better analgesia of  the forearm and hand 
(musculocutaneous, median and ulnar nerves) after 
the initial block, but  poorer  analgesia o f  the upper arm 
(medial cutaneous and axillary nerves) compared with 
group S (Table II). The analgesic score was lower in 
group S after 10 min, but not  after 20 and 30 rain 
(Figure 2). Initial block effectiveness, number o f  
nerves requiring supplementation, degree of  motor  
block and the doses of  MEPE are presented in Table 
III. The median pain of  block performance was 0.65 
in group T and 0.70 in group S, ranging from 0 to 4.5 
(NS). The musculocutaneous nerve could not  be 
located in one patient in group T and 5 mL MEPE 
was injected blindly above the median nerve. The 
nerve was blocked after 30 min. Another patient in 
group T, whose surgery was delayed for over an hour, 
experienced surgical pain (VAS 1.5), three hours and 
15 min after the block. Eleven patients in group T and 
two patients in group S reported tourniquet pain, 
(P=0.02) with mean intensities on VAS of  3.7 and 2.5, 
respectively. Alfentanil, 0.5-1.5 mg, was administered 
to seven patients in group T and two in group S. In 
addition, two patients in group T (VAS 4.1 and 4.8) 
were anesthetised with propofol to combat restlessness 
caused by the tourniquet. Intraoperative sedation was 
requested by 17 patients in group T and 20 in group 
S (NS). The median doses ofmidazolam were 2.5 mg 
in each group and ranged from 1 to 7.5 mg. 

Paresthesia were elicited in 22 patients in group S 
compared with four patients in group T, P < 0.001. 

FIGURE 2 Sensory block score 10, 20 and 30 min after the ini- 
tial block (columns - means, whiskers 1 SD). Numerical values 
above whiskers denote group means with ranges in parentheses. * 
P < 0.05. 

Nine patients in group S and one in group T had sud- 
den tachycardia, during performance of  axillary block, 
presumably caused by accidental intravascular injection, 
P=0.02. In two patients in group S tachycardia was 
accompanied by temporary numbness and pale appear- 
ance of  the hand, suggesting intra-arterial injection. 
These phenomena lasted 3-4 rain and regressed sponta- 
neously. One patient in group S felt circumoral numb- 
ness 10 min after the initial block. Another patient in 
this group became lightheaded after 9 min, and 6 min 
later reported tingling sensation in the whole body. 
They received 13.7 and 14.3 mg MEPE kg q ,  respec- 
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F I G U R E  3 Cardiovascular variables before and 10, 20, 30 min 

after the block. BPs - systolic blood pressure, H R  - heart  rate, BPd 
- diastolic blood pressure. Whiskers are 1 SD. * P < 0.05 corn- 
pared to pre-block values of  H R  at t ime 0. 

tively. Both patients were treated with oxygen and 2.5 
mg midazolam iv  and the symptoms disappeared after 
several minutes. Heart rate increased considerably in 
both groups compared with baseline, 10 min after per- 
forming the block, and this increase was maintained 
throughout the remaining measurements (Figure 3). 
There were no changes in blood pressure. Long lasting 
sequelae, such as persistent pain or dysesthesie in the 
operated extremity were not observed. 

Two patients were excluded from the study after 
the initial block. One patient was in group S, an Inuit 
from Greenland, who had problems understanding 
sensory block testing and the VAS assessments. The 
second patient, in group T, had coronary artery dis- 
ease and developed chest pain and hypertension 10 
min after block performance. He was treated with 
labetalol and surgery was cancelled. 

Discussion 
We found that the technique of  small injections, tar- 
geted at the main plexus nerves, despite taking longer 
to perform, required less time and a lower MEPE dose 
to obtain a successful block, than did the single large 
perivascular injection. This technique also had fewer 
local adverse effects, although more patients were dis- 
turbed by tourniquet pain. 

Performance of  the axillary block took 11 min in 
group T, and 7 min in group S, which is similar to our 
previous reports. 3,7,s Selective nerve blocks in the 
humeral canal or in the axilla took Bouaziz and col- 
leagues l~ only six minutes. However, all the blocks 
were performed by experienced staff members, while 
32 % of our blocks were done by supervised residents. 
The extra time used for the targeted injections was 
compensated for by the better spread of  analgesia in 
the forearm and hand compared with the single injec- 
tion. This reduced the need for supplementary blocks, 
saving time for their performance and latency. 
Therefore, the total anesthetic time was 32 min in 
group T and 39 min in group S. The small difference 
is biased by our protocol, which demanded supple- 
mentation of patchy blocks after arbitrary 30 min. 
One may question the importance of  saving seven 
minutes by using the targeted injection technique, but 
this must be seen in the light of  a lower dose of  MEPE 
(3.5 mg.kg -1 vs 12.0 mg.kg-1), and rapid patient 
turnover, which are especially advantageous for day- 
case surgery. All patchy blocks were successfully sup- 
plemented and no patient complained of  pain at the 
start of  surgery. One patient in group T experienced 
surgical pain just before wound closure, three hours 
and fifteen minutes after the block performance. This 
was caused by block regression and was treated by the 
surgeon, who infiltrated the painful site with the local 
anesthetic. Neither opioids nor sedatives were given to 
the patient. 

The perivascular sheath concept of  the nerve plexus- 
es developed by Winnie et  al. 12 is the basis of single 
injection and catheter techniques for the axillary block. 
However, either method often results in patchy analge- 
sia, manifested as a solid block of some nerves and the 
lack of  block in the others. Increasing the volume of 
local anesthetic within the manufacturer recommended 
doses, or supplementing the patchy analgesia by addi- 
tional injections through a catheter, does not improve 
spread of anesthetic to the unblocked nerves. 1,~3 
Thompson and Rorie explained this by showing the 
fibrous septa inside the neurovascular sheath, which 
encircle the main nerves limiting the circumferential 
spread of a local anesthetic. 14 However, their findings 
were contradicted by cadaver studies, which showed 
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that septa were either non-existent, ~s or easily disrupt- 
ed by injection and therefore functionally irrelevant. 16 
Therefore, the problem of patchy blocks should be 
solved by a large dose and volume injection. This was 
confirmed by Cockings 17 who obtained 99% success by 
injecting 50 mL mepivacaine 1.5% behind the axiUary 
artery. Using the same technique and a 60 mL, mixture 
of 800 mg lidocaine/prilocaine Aantaa et al. had only 
64% success. 4 Urban and Urquhart 18 reported 80% suc- 
cess with 40-55 mL mepivacaine 1.5% injected after a 
single paresthesia. Surgical analgesia was a criterion of 
success in all these studies. This is clinically convenient, 
but implies an artificially high success rate allowing 
many procedures to be done painlessly under the partial 
block. Our 54% success rate is lower than in all these 
studies. However, six supplementary blocks in group S 
and two in group T were not necessary for surgery, and 
were performed to alleviate patients' anxiety. Therefore, 
the adjusted success rates for surgical analgesia were 
65% and 90%, respectively. This confirms the results of 
Aantaa e t  al., 4 and of our previous investigations 
employing multiple nerve locations using a nervestimu- 
lator. 3,7,s The anesthetic score was similar in both 
groups 30 min after the block, yet the spread of analge- 
sia to the musculocutaneous, median and ulnar nerves 
was poorer after the single injection. This indicates that 
some terminal nerves in the S group had a profound 
block, while others had none. Our results favour there- 
fore, the lack of communication between the main 
nerves in the axilla. 

An important question, when injecting a local anes- 
thetic into separate nerve compartments is the mini- 
mum dose and volume, which is necessary for a 
successful block. Anesthesiologists usually inject 10 
mL close to the each located n e r v e ,  3,6,7 which 
amounts to a total of  40-50 mL for an average patient. 
M a r t i n  et al. ~9 demonstrated that, given the same 
amount of  local anesthetic, higher volumes provide 
better block than lower volumes. Our study is the first 
to show that a reasonable success rate (87%) can be 
achieved using only 5 mL MEPE 1% per identified 
nerve. The key to our success is the proximity of injec- 
tion. A local anesthetic is usually injected when a stim- 
dating current of  0.5 mA elicits visible muscle 
contraction. However, it is electrical charge, which 
depolarizes a nerve and the charge is a product of cur- 
rent intensity (mAmp) and impulse duration (msec). 
We used impulses of 0.1 msec duration, while the 
standard is 1 msec. According to Coulomb's Law, to 
obtain the same muscle response using one tenth of  
the charge requires over three-fold reduction of  the 
distance between the needle tip and the nerve. This 
means that we injected the local anesthetic closer to 

the stimulated nerves than other investigators. 
However, small doses may contribute to poor toler- 
ance of  a tourniquet. Thus, we found a 21% incidence 
of  tourniquet pain in the group T compared with only 
4% in group S. One explanation may be that large 
dose and volume axillary injection provides better 
analgesia of  the upper arm, confirmed in this study by 
the higher incidence of  block of  the axillary and medi- 
al cutaneous nerves. Besides, large dose of  MEPE may 
exert a systemic analgesic effect. Both factors probably 
reduced the tourniquet pain in group S. 

Accidental intravascular injections occurred in 17% 
of the single injection group patients, which was higher 
than in the 12% obserfed in our previous study after 
transarterial (double) injection of the same dose of  
MEPE. 8 Injections were immediately stopped and the 
needles were repositioned without further problem. 
This emphasizes the importance of slow injection and 
repeated aspiration when using high doses of local anes- 
thetic. No axillary hematomas were observed, which 
corroborates the safety of  transarterial injections using 
the small gauge needles documented by Stan and col- 
leagues on 1000 patients. 2~ The 42% incidence of 
paraesthesie in group S is similar to the 40% reported by 
Selander et al. 21 w i t h  the  long bevelled needles. Short 
term neuropraxia after axiUary block may occur from 
4.5 to 19% of patients, 22,1s depending on the nerve 
identification technique and on the speed on injection. 
Slow injections, low number of patients and the fact 
that our surgeons might not have inquired specifically 
about the pain unrelated to surgical site, probably con- 
tributed to the lack of the neurological sequelae. 

Symptoms of local anesthetic toxicity (perioral 
numbness and lightheadness) were reported by two 
patients in the single injection group, after 13.7 and 
14.3 mg-kg -1 of MEPE respectively, and are another 
warning against liberal use of  the large doses of  local 
anesthetics. Although up to 17-18 mg.kg -~ lidocaine 
can be injected into the axiUa without any adverse 
effects, 4,s this is a second study where doses of  13-16 
mg.kg -1 MEPE produced mild symptoms of over- 
dosage, s These symptoms make some patients appre- 
hensive, but are usually benign and self limiting in 
healthy subjects. The only case of  seizures reported 
Urban and Urquhart, is after axillary blocks with 600- 
825 mg of MEPE occurred during accidental intravas- 
cular injection. Loss of  consciousness, previously 
reported in one of  our patients after 850 mg MEPE, 23 
was probably caused by an interaction between epi- 
nephrine and the patient's cardiovascular medications. 
Nonetheless, it is good clinical practice to use the low- 
est effective dose and the old Latin rule ~ P r i m u m  non  

nocere" should always be kept in mind. 
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In conclusion, this study showed that the four tar- 
geted injections o f  5 mL MEPE 1% (3.5 mg.kg -I) pro- 
vided better surgical analgesia for hand surgery, than 
the 80 mL single perivascular injection (12.0 
mg.kg-I), thus reducing the need for supplementary 
blocks and shortening the anesthetic time. Our find- 
ings speak in favour o f  the existence o f  non-commu- 
nicating neural compartments in the axillary sheath. 
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