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Background: We have had favourable experience with a triple
injection technique, combining an axillary catheter technique
with a transarterial axillary block. This method has been used
successfully for routine surgery and re-implantation of fingers,
hand or forearm. We hypothesized that with this technique,
block onset time and effectiveness are better than with a con-
ventional catheter technique, and designed a study comparing
this new technique with a conventional single injection through
a catheter.
Methods: Fifty-one adult patients were included in a prospec-
tive study. In all patients, a short axillary plexus catheter was
positioned close to the median nerve. All patients had an injec-
tion through the catheter, while 26 of the patients had an addi-
tional injection behind, and in front of, the axillary artery.
Sensory and motor block were tested continuously every minute
for 29 min. Block success was recorded as onset time to analge-
sia, anaesthesia and complete motor block in the first 29 min. At
30 and 50 min, an analgesia block score was recorded.

Results: The transarterial injection plus catheter method was
more effective, with a higher success rate and faster onset, than
the catheter method. Readiness for surgery with analgesia in the
median, radial and ulnar nerves was achieved in the catheter
group in 13 patients (52%) at a mean time of 20.8 min, and in the
combined group in 21 patients (81%) at a mean time of 13.3 min
(P < 0.05, P < 0.05). At 50 min the situation was 17 (68%) and 24
(92%), respectively (P < 0.05).
Conclusion: The combined triple injection is faster and more
effective than the catheter method alone.
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WE favour a brachial plexus block with a short
axillary catheter for hand and forearm sur-

gery. An alternative triple injection technique,
developed by the author and now first published,
combines the short catheter method with a transar-
terial block. Transarterial axillary plexus anaesthesia
is a well-known method (1—5), but this method pre-
vents post-operative pain treatment with regional
anaesthesia. A conventional catheter may solve this
problem, but the initial block can fail. The aim of the
present study was to compare the efficacy of a con-
ventional catheter technique with a catheter com-
bined with a transarterial block. We also looked for
differences in block development from 30 to 50 min.

Methods

Fifty-one elective patients ASA physical status I—II
were included in the study without randomization.
Patients developing a haematoma after venous or
arterial puncture using the axillary catheter were

excluded. The author performed and evaluated all
blocks. The study was in accordance with the
Helsinki II declaration and approved by the
Regional Ethics Committee. Informed consent was
obtained from all patients prior to inclusion in the
study.

Each patient received a total of 0.75 ml/kg of a
50/50 mixture of lidocaine 20 mg/ml with 12.5 mg
epinephrine/ml and bupivacaine 5.0 mg/ml, giving
a concentration of bupivacaine 2.5 mg/ml, lidocaine
10 mg/ml and epinephrine 6.25 mg/ml.

The 25 patients in the catheter group (Cath group)
received a single injection block via an axillary 18-
gauge (1.3 � 45 mm) catheter (Contiplex�, B. Braun,
Melsungen, Germany). The same type of axillary
catheter was inserted in the 26 patients in the catheter
and transarterial group (C þ TAB group) and then a
transarterial block was performed, with injections
behind, and in front of, the artery. A third injection
in the C þ TAB group was given through the catheter
after the transarterial block.
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In performing the block, local anaesthesic was
injected subcutaneously close to the lateral border of
the pectoralis major muscle with a 0.5 � 25 mm
needle. The point of needle insertion was close to the
upper, superior wall of the axillary artery. The
Contiplex cannula was first inserted 1 cm subcuta-
neously, and then raised perpendicularly to the skin
and the neurovascular bundle. Using a nerve stimula-
tor (Stimuplex�DIG/HNS11, B. Braun), the cannula
was advanced through the fascia. After a ‘fascial
click’, or contact with a nerve, the cannula was low-
ered tangentially to the skin and advanced parallel to
the artery in a proximal direction until stimulation of
the median nerve caused muscle contractions. The
complete length of the cannula was inserted along
the median nerve with a continuous motor response.
The final position was confirmed with maximally
0.4 mA with an impulse width of 0.1 ms. The stylet
was then withdrawn and the catheter left in position.
The local anaesthetic was then injected as a single
bolus in the catheter only group. The injection rate
was, in both groups, 20 ml in 30 s.

In the C þ TAB group, a Contiplex catheter was
first positioned as in the Cath group. A transarterial
puncture was performed with a 0.5 � 25 mm nee-
dle filled with saline, by inserting it perpendicularly
to the artery approximately 0.5 cm below the cathe-
ter insertion point, and advancing it until retrograde
blood flow stopped, indicating that the needle had
penetrated the back wall of the artery. In this posi-
tion, a syringe with a 10-cm extension tube was
connected. Half of the local anaesthetic dose was
injected close to the back wall of the artery (Fig. 1),
and a quarter of the total dose was injected close to,
and in front of, the artery. The axillary artery was
compressed for 2 min thereafter. After finishing the

transarterial procedure, the last quarter of the total
dose was then injected through the catheter as the
third injection in the C þ TAB group.

Ice-cubes placed directly on the skin were used for
testing sensory block every minute during the first
29 min. The time in minutes until the onset of
analgesia, anaesthesia or complete motor block
was recorded for each of the five nerves (the axil-
lary, median, musculocutaneus, radial and ulnar).
The areas used for testing the sensory status were
identical to those used in another study (6).
Analgesia was defined as a sensation of touch
from the ice-cube, but no sensation of cold.
Anaesthesia was defined as no sensory perception
at all. The motor block was assessed manually. All
blocks were compared with the other arm.

An analgesia block score was recorded at 30 and
50 min. The score was 0 for normal function and 1.0
for complete blockade. For example, if the percep-
tion of ice was reduced by 40% compared with the
other arm which had normal sensation (100%), the
recorded block score was 0.4. The patient estimated
the score subjectively.

If analgesia had not been achieved in the median,
radial and ulnar nerves at 50 min (7), the block was
then supplemented with a peripheral block in the
elbow using a nerve stimulator. We used 10 ml per
nerve of the same local anaesthetic mixture as
before. ‘Ready for surgery’ was given when analge-
sia was established in the three nerves (8).

Data were tested for normal distribution, and pre-
sented as mean values and standard deviations. The
groups were compared with independent sample
t-tests, Pearson’s w2 test and Fischer’s exact test to
compare variables.

P-values less than 0.05 were considered statisti-
cally significant. The SPSS 12.0 (SPSS Inc., Chicago,
IL) program was used.

Results

The demographic data and ASA categories were not
statistically different between the groups (Table 1).

Four patients out of the 51 included developed a
haematoma after venous or arterial contact with the
Contiplex cannula. They were excluded and
replaced.

Onset of block during the first 29 min (Table 2)
After testing every minute during the first 29 min,
we found readiness for surgery, with analgesia of
the median, radial and ulnar nerves, in the Cath
group in 13 patients (52%) at a mean time of

Fig. 1. Transarterial injection below a Contiplex catheter placed
close to the median nerve. Left shoulder with the arm abducted 90�.
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20.8 min, and in the C þ TAB in 21 patients (81%) at
a mean time of 13.3 min (P < 0.05, respectively).
Analgesia was more often present, and with a
shorter onset time, in the C þ TAB group for all
nerves compared with the Cath group. There were
significant differences in onset time for the median,
musculocutaneus and radial nerves.

Anaesthesia was more often present and with a
shorter onset time in the C þ TAB group compared
with the Cath group. The radial nerve was anaes-
thetized in only 4 (16%) patients in the Cath group
compared with 17 (65%) in the other group
(P < 0.05).

Complete motor block of the radial nerve
occurred in only five out of 25 (25%) patients in
the Cath group compared with 21 out of 26 (80%)
patients in the C þ TAB group (P < 0.05). The ulnar
nerve was more often paralysed in the C þ TAB
group than in the Cath group (P < 0.05). The time
to motor block onset was significantly shorter in
the C þ TAB group than in the Cath group for the
musculocutaneus, radial and ulnar nerves. For the
median nerve, we found an equal motor block in
both groups.

Analgesia block score at 30 and 50 min (Table 3)
The C þ TAB group had a higher analgesia score
than the Cath group at 30 and at 50 min. The Cath
group improved from 30 to 50 min, but had a higher
need for supplementary injections. Seventeen out of
25 (68%) patients in the Cath group and 24 out of 26
(92%) patients in the C þ TAB group (P < 0.05) had
analgesia in the median, radial and ulnar nerves at
50 min and were ready for surgery. At 30 min, the
situation was 13 (52%) and 21 (81%), respectively
(P < 0.05).

Table 1

Baseline characteristics

Group n mean SD

Age Cath 25 42 13.2
C � TAB 26 42.3 16.9

Height (cm) Cath 25 176.7 6.8
C � TAB 26 174.5 10.3

Weight (kg) Cath 25 78.1 14.4
C � TAB 26 80.5 15.7

Male/female Cath 18/7
C � TAB 14/12

ASA I/II Cath 22/3
C � TAB 22/4

n, number of patients. There were no significant differences
between the groups.
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Supplementary injections
To obtain analgesia in the hands of all patients, eight
(32%) patients in the Cath group and two (8%) in the
C þ TAB group were given a supplementary block
at the elbow at 50 min (P < 0.05). Eight radial, three
median, and two ulnar nerve blocks were adminis-
tered in the Cath group. In the C þ TAB group, one
radial (patient with analgesia score 0.9) and one
ulnar nerve (patient with analgesia score 0.95) were
given supplementary blocks. Readiness for surgery
came within few minutes.

The need for supplementation at 30 min was
necessary in 12 patients (48%) in the Cath group
and in 4 patients (19%) in the C þ TAB group.

The Contiplex cannula in the C þ TAB group had
a position closer to the median nerve, with a mean
stimulus current of 0.21 mA compared with 0.28 mA
in the Cath group (P < 0.05).

One patient in the C þ TAB group had discomfort
during performance of the block and was success-
fully treated with 0.1 mg of fentanyl and 1.5 mg of
midazolam intravenously (i.v.). After the injection,
another patient in the same group developed symp-
toms of local anaesthetic CNS intoxication. This
patient received 2.5 mg of diazepam i.v. and the
symptoms disappeared after a few minutes. One
patient in the Cath group, and three patients in the
C þ TAB group, had venous or arterial puncture
with the Contiplex cannula without developing a
haematoma. One patient in the transarterial group
(4%) had paraesthesia in the median nerve for
1 day.

Discussion

That surgery could start without supplementation
more often in the C þ TAB group compared with
the Cath group, confirmed our hypothesis that the

triple injection method is more effective. Eighty-one
per cent of the patients in the C þ TAB group were
ready for surgery at a mean time of 13.3 min and
92% at 50 min. Two nerves in the C þ TAB group
were given supplementary blocks at 50 min, with
analgesia scores close to 1.0. These results are accept-
able, and legitimize the use of this new combined
method.

The conventional catheter method is inadequate
for a rapid start of surgery, and the radial nerve
should be selectively blocked at the start of the
procedure.

Detailed differentiation between the two groups
is possible because of recording the time to onset
of block for the different nerves. The analgesia
score is a method in daily use. Most of the patients
have few problems comparing the blocked side
with the other, and expressing the difference as a
per cent.

The lack of randomization is shortcoming of this
study. In addition, the author performed and eval-
uated all of the blocks, providing another source of
potential bias, although there was often an inde-
pendent observer. On the other hand, the proce-
dures were more standardized with one person
performing all the blocks. Also, the positioning of
the catheter close to the median nerve was more
standardized than in other studies (7).

The superiority of the axillary multi-injection tech-
nique over a single injection has been shown in
several studies (1,8,9). Turkan et al. reported that a
triple injection method including a transarterial
technique, but without the use of a catheter, was
more effective than a single injection or a transarter-
ial method alone (4). In order to improve the effect
of a catheter method, the present study confirms
that this can be achieved by combining the catheter
technique with a transarterial double injection. The

Table 3

Analgesia block score

Time 30 min 50 min
Group Cath C þ TAB Cath C þ TAB
Patient no. 25 26 25 26

Nerves P-value P-value
Axillary 0.35 0.41 NS 0.5 0.53 NS
Median 0.95 0.98 NS 0.96 1.0 NS
Musculocut. 0.81 0.95 <0.05 0.89 0.99 NS
Radial 0.76 0.99 <0.05 0.9 0.99 <0.05
Ulnar 0.98 0.99 NS 0.98 1.0 NS

Analgesia, score 1.0. Normal function, score 0. Cath, catheter group, single injection. C þ TAB, triple injection group via catheter and
transarterial technique. P-value, t-test for equality of means, two-tailed significance. All values as mean.
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results of the Cath group are comparable with
Selander’s original study, where he found surgical
analgesia in 79.6% of the patients after a single
injection through a catheter (10). Selander used the
catheter for additional injections to improve incom-
plete blocks. A partly incomplete block can be
improved by injection through the catheter after
40 min, but complete failure at 20 min should be
supplemented with another technique (11).

The median nerve was blocked more frequently
and faster (Table 2) in the C þ TAB group compared
with the Cath group. The additional transarterial
deposit in front of the artery is close to the median
nerve, and may be the reason for the higher efficacy
on the median nerve. The catheters in the C þ TAB
group had a lower minimal current for motor
response and were probably closer to the median
nerve, but all catheters were positioned by a stimu-
lus of no more than 0.4 mA which is usually
accepted to indicate successful placement. In the
Cath group, the total volume was injected on the
median nerve, compared with 50% of the total
volume injected through the catheter and in front
of the artery in the C þ TAB group, but in the
C þ TAB group the median nerve still was better
blocked.

The musculocutaneus nerve was remarkably
better blocked in the C þ TAB group than in the C
group. Sia (9) demonstrated an improved effect on
this nerve after a selective block using a triple
deposit compared with a double deposit method
not seeking this nerve. The analgesia score for the
musculocutaneus nerve was 0.89 in the Cath group
at 50 min. This nerve should therefore also have
been given a supplementary block even if the sur-
gery did not affect this nerve.

The transarterial method is considered to have a
low risk of nerve injury. Stan et al. (3) reported an
incidence of 0.2% with nerve affection in 1000
patients. The number of patients in our study is
too small to assess the method’s risk of neuropathy.
The frequency of disturbing haematomas (4 of 51
patients, 8%) from the Contiplex cannula seems
high. Other equipment may reduce this problem,
but the indication for use of a catheter technique
should consider this risk.

In conclusion, the combined catheter and trans-
arterial method demonstrated a faster onset and
more extensive block than the single injection
technique.
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