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ABSTRACT

Purpose: Assessment of the effectiveness of Brachial Plexus Block (BPB) via axillary approach compared to regional anesthe-
sia for arteriovenous fistula surgery in patients affected by end-stage renal disease.

Methods: We compared forty patients randomly divided into two groups. Group A underwent BPB procedure with 15 mL
ropivacaine 1% and 10 mL of saline (0.9% NaCl) via axillary approach. Group B received local anesthesia with lidocaine
2%. The forearm blood vessels were assessed by Doppler ultrasonography before and after the intervention.

Results: BPB performed on Group A was associated with a considerable venous dilation and a significant decrease (48.7 %,
P<.05) in pulsatility index (Pl) measured by Doppler ultrasound. In Group B, PI and venous dilation remained unaltered in
the postoperative phase. No complications such as thrombosis or occlusion were encountered among patients who under-
went BPB.

Conclusions: The axillary-approached BPB was more advantageous than local anesthesia. Its effectiveness was because of
venous dilation and the decrease in the PI, consequent to the reduction in peripheral resistances and the increase in local

blood flow, thus offering an ideal background for fistula creation and short-term patency.
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INTRODUCTION

The Registry of the ltalian Society of Nephrology
shows that, at present, the number of new dialysis pa-
tients is 8182 (151/million of inhabitants) (1). Diabetic
patients represent 12.15% of the total dialysis population
in ltaly (2). The creation of arteriovenous fistula is a cru-
cial element for the survival of patients who undergo he-
modialysis in order to restore normal equilibrium among
body fluids (3). A vascular access is required to allow the
“artificial kidney” to drain the blood, and the depurative
treatment strictly depends upon the correct functioning of
the access. In 1962, Cimino and Brescia performed the
first autogenous fistula in the forearm between the radial
artery and the cephalic vein (4, 5). This started the uninter-
rupted evolution that has led to today’s polytetrafiuoroeth-
ylene prosthesis. Autogenous access is to be preferred to
prosthetic access, the use of prosthesis only being recom-
mended when the peripheral vascular bed is insufficient
or exhausted (6). A good vascular access is essential to
manage long-term hemodialytic treatment, and it is also
important to guarantee a blood flow rate of at least 200-
300 ml/min, avoiding an excessive shunt that may cause
heart failure or a vascular steal syndrome.

MATERIALS AND METHODS

From January 2008 to February 2009, forty patients
underwent the creation of arteriovenous fistula (AVF) in
the forearm between the radial artery and the cephalic
vein. The patients enrolled in our study were carefully
selected and homogeneously distributed according to
age, sex, and concomitant pathologies, and therefore
randomized into two groups. All patients signed a writ-
ten informed consent before the operation. Among our
patients, 23 were women (57.5%) and 17 were men
(42.5%). Patients” average age was 66, ranging from 55
to 77. The pathologies that had led to end-stage renal
disease were: diabetes in 15 cases (37.5%); high blood
pressure in 13 cases (32.5%); systemic lupus erythe-
matosus (SLE) in 5 cases (12.5%); glomerulonephritis
in 4 cases (10%); autoimmune vasculitis in 3 cases
(7.5%) (Tab. 1). For patients in the first group (Group
A) brachial plexus block (BPB) was performed via axil-
lary approach, while second group patients (Group B)
were administered local infiltration with anesthetic. The
morning before the operation, all patients were pre-
treated with intravenous midazolam. They were moni-
tored with ECG, pulse-oximetry and noninvasive blood
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pressure measurement. Patients’ forearm blood vessels
were measured with Doppler ultrasonography before
and after the creation of the AVF. The internal diameter
of the basilic vein was measured at the mid-arm ante-
cubital fossa, while the cephalic vein was measured at
the wrist. In addition, the diameter of the basilic vein
was carefully measured at its entry in the lower axilla.
The brachial arterial diameter was also measured, and
the blood-flow pattern was recorded using peak systolic
velocity and the pulsatility index (Pl). The Pl is calcu-
lated by dividing the difference between maximum and
minimum velocity of arterial flow by the mean maxi-
mum velocity (7). The surgeon elaborated the best pos-
sible procedure for each patient, based on the afore-
mentioned measurements. All of the above represented
the pre-anesthetic valuation at time 0 (t,).

Group A, comprised of 12 women (60%) and 8 men
(40%) (Tab. 1), underwent BPB via axillary approach (8).
Patients were placed in dorsal position, with their arms
abducted to 90°, and their elbows in extension. Once the
reference point was identified, patients were administered
a cutaneous infiltration with lidocaine 2%. The needle of
the electrical stimulator was then inserted and advanced
until it caused a motor response in the group of muscles
innervated by the radial and median nerves. At first, the
current intensity used was high (2-3 mA), and then gradu-
ally reduced near the nervous trunk. Once the nervous
fibers were identified, an injection of 15 mL of ropiva-
caine 1% and 10 mL of saline was administered, for a total
volume of 25 mL.

Group B consisted of 11 women (55%) and 9 men
(45%) (Tab. ), who underwent local anesthesia in the fore-
arm with lidocaine 2%. Infiltrations were administered by
the surgeon.

The arterial and venous vascular assessment was
repeated after 5 and 10 minutes for both groups, and

the Pulsatility Index Ratio was calculated. The Pulsatil-
ity Index Ratio is the ratio between the Pl 10 minutes
after the block and the Pl before the block (PI-t, /PI-
t,): it represents the magnitude of the sympathetic ef-
fect of the block as expressed by the magnitude of the
change in the PI.

Data were analyzed using Independent Samples ¢ test.

Results are presented as mean values.

RESULTS

Arterial effects: Group A revealed a significant drop
in the Pl from 6.53 (range 3.20 to 10.58) before the
block, to 4.38 (range 2.20 to 8.85) at five minutes, and
3.35 (range 1.20 to 7.85) 10 minutes after the block com-
menced (P<.05), with a 48.7% total decrease (see Tab.
[1). The mean PI Ratio was 0.51 (range 0.02 to 0.76). On
the contrary, in group B the Pl was 5.68 (range 2.15 to
11.45) prior to the local anesthesia and remained almost
unaltered thereafter: in fact, it was 5.00 at five minutes
and 5.23 at 10 minutes from anesthesia. The PI ratio was
0.91 (Tab. Il). Data comparing the two groups are shown
graphically in Figure 1.

Venous effects: Among group A patients who under-
went BPB, venous diameter revealed an increment: ba-
silic vein diameter was 6.40 mm (range 3.14 to 10.37)
before the block, 7.81 mm (range 3.72 to 12.95) at five
minutes, and 8.68 mm (range 3.86 to 13.72) ten minutes
after the block commenced (P<.05), with a 26% average
venodilation (Tab. I1).

[n Group B patients the result was disappointing:
cephalic vein diameter was 6.32 mm (range 2.39 to
12.74) prior to local anesthesia, and 6.60 mm (range
2.59 to 13.58) ten minutes later. A visual comparison

TABLE I - DEMOGRAPHIC DATA OF PATIENTS (DATA EXPRESSED AS MEAN VALUE + SD)

Group A * Group B ** P
Number of patients 20 20
M/F 12/8 11/9 0.5673
Average age and SD 66.15 + 7.55 66 £ 7.49 0.95

Primary causes of ESRD

Diabetes 7 8 0.5592
High blood pressure 7 6 0.5461
Systemic lupus erythematosus 2 3 0.3928
Glomerulonephritis 2 2 1
Autoimmune vasculitis 2 1 0.2828

* Brachial plexus block group
** Local anesthesia group

ESRD, end-stage renal disease; F; female; M, male; SD, standard deviation
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Fig. 1 - Pulsatility Index at 0, 5, and 10 minutes following anesthesia dur-
ing Brachial Plexus Block and Local Anesthesia.

Fig. 2 - Venous diameter at 0, 5, and 10 minutes following anesthesia
during Brachial Plexus Block and Local Anesthesia

TABLE Il - RESULTS OF ARTERIAL AND VENOUS EFFECTS BY COMPARING BRACHIAL PLEXUS BLOCK GROUP (A) AND LOCAL ANESTHESIA

GROUP (B)
Results Group A * Group B ** P
Arterial effects -
Pl at 0 min 6.53+2.3 5.68 +2.43 0.266
Pl at 5 min 438 =199 5+243 0.746
Pl at 10 min 3.35 £1.91 5.23 £2.44 0.026
Pl Ratio 0.51+0.17 0.91+£0.09 <0001
Decrement of Pl 49,35 + 16.99 945 + 8.71 <0001
Venous effects
Vein diameter before 6.4+2.25 6.32+£2.7 0.924
Vein diameter at 5 min 7.81£2.71 6.42+312 1430
Vein diameter at 10 min 8.68+2.95 6.6+3.08 0.035
Complications 0/20 4/20
* Brachial plexus block group
** Local anesthesia group
Pl, Pulsatility Index; PI Ratio, Pulsatility Index Ratio = PL,, . — Pl
of venous diameter at 0, 5, and 10 minutes after anes- DISCUSSION

thesia in brachial plexus block and local anesthesia is
presented in Figure 2.

Complications: We considered the possible onset
of complications such as early thrombosis within the
first week from the operation. However, during this
experience, we did not encounter thrombosis cases
among Group A patients, but four Group B patients
who underwent local anesthesia developed early
thrombosis, and for these patients it was necessary to
perform a new intervention.

Brachial plexus normally guarantees the innervation of
almost the whole upper arm. Radial, ulnar, and musculo-
cutaneous nerves are separated from the vascular-nervous
bundle at the axillary fossa level (9); for this reason the
block must be practiced at the highest point of the axilla.
The block through this approach enables obtaining a good
anesthetic effect for surgeries distal to the elbow and pro-
duces a low risk of involving the surrounding structures
since the anesthetic is injected at a suitable distance from
the vascular-nervous bundle; moreover, it reduces the oc-
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currence of pneumothorax. Unfortunately, this method
does not involve the musculocutaneous nerve which
leaves the vascular-nervous bundle near the axillary fossa.
Therefore, the volume of the anesthetic is more important
than its concentration because it involves a larger number
of nervous fibers. Identification of the nervous roots by
electric stimulation enables an analgesia area from elbow
to hand. It is fundamental to ascertain the technique to
carry out the block, the reference points, the anatomic
structures, and the direction of the needle. Some opera-
tors prefer to perform the axillary block by paresthetic or
transarterial technique. However, our experience suggests
that these approaches are burdened by a higher occur-
rence of complications during the execution of techniques
such as neurologic or vascular complications. Neurologic
complications may be consequent to direct nerve trauma,
hematoma formation or edema with subsequent ischemia
from compression of the nerve, intraneural injection, as
well as direct toxicity of anesthetic agent; their occur-
rence may lead to temporary or permanent post-operative
paresthesias and paralysis.

The vascular complications that may occur during ex-
ecution of axillary block are represented from acciden-
tal intravascular injection, arterial occlusion (because of
compression by hematoma or tourniquet), and formation
of hematoma (because of mechanical injury at the level of
the axillary vessels).

The aim of neurostimulation is to localize the nerve
avoiding direct contact with its fibers, thus reducing the
risk of direct traumatic lesions. Using a very low-intensity
electric current, the needle tip will need to be placed too
close to the nerve in order to obtain muscle contractions,
thus risking damage to the nerve. Instead, if the intensity
of the current is too high, contractions will appear when
the needle tip is still far from the neurovascular sheath,
thus risking injecting all or part of the anesthetic solution
outside the area of interest.

BPB determines a vasoplegic effect that causes a
venous dilation and a decrease in the pulsatility index,
optimizing the creation of the primary AVF, especially in
patients with a reduced or exhausted superficial vascu-
lar bed. Such positive effects are not present when the
arteriovenous fistula is performed by infiltration of local
anesthetic into the area of interest (10).

Arterial and venous dilation are crucial elements in
determining the destiny of an arteriovenous fistula be-
cause they immediately guarantee sufficiently high blood
flow to prevent premature failure of the fistula itself. These
effects can be maintained for various hours during the
post-operative period when BPB is made by single shot;
however, their duration can be extended further if the
block procedure is performed by using a catheter in the
brachial neurovascular compartment.

During the post-operative period it was observed that
the mean PI remained rather low: it was calculated as

equal to 2.45 at 15 minutes from performing the AVF and
it maintained its value of 3.00 until the fifth hour following
the operation. This low average P! value has probably con-
tributed to maturation of the fistula with the consequent
arterialization of the venous wall and reduction in the risk
of early thrombotic occlusion.

Patients were assessed for 100 days after the opera-
tion, and during that period two early failures were re-
corded in group B patients. No thrombotic complications
occurred in group A patients.

Four cases of thrombosis occurred in Group B which
we hypothesized were because of the reduced compli-
ance of the venous tract in the first few hours following
the operation. In fact, no other predictable factors could
be considered responsible for early thrombosis.

Brachial plexus block via axillary approach is more
advantageous than local anesthesia. The greater effective-
ness is given by the venous dilation and the reduction in
the PI. This determines a decrease in peripheral resistanc-
es and an increase in local blood flow (offering an ideal
background for end-stage renal disease patients whose
survival depends upon arteriovenous fistula) thanks to the
sympathectomy-like effects of the block that we quanti-
fied using the Pl Ratio. The Pl Ratio is obtained by dividing
the Pl value 10 minutes from administering anesthesia by
the Pl value found at t, prior to the block. If the PI Ratio
is less than 1, it means that there is a sympathectomy-like
effect expressed by the increase in diastolic flow and the
reduction in the peripheral resistances. The greater the fall
in the Pl ratio, the larger the sympathectomy-like effect.
Such effect can facilitate better use of the patrimony of
autogenous veins.

The results obtained seem to show a reduced risk of
early complications, such as occlusion and thrombosis,
in arteriovenous fistula. On the contrary, according to our
data, these complications occur more frequently in pa-
tients who undergo the process of arteriovenous access
under local anesthesia (11). The incidence of complica-
tions related to the use of this peripheral block technique
is minimized by using neurostimulation in the hands of
a trained operator with sufficient experience. The venous
dilation which occurs with BPB, probably determines a
minor resistance to the shunted flow in the early phases
following creation of the fistula; in this way, compliance
of the venous bed persists for a vascular tract length and
sufficient time so as to permit the arteriovenous fistula to
maintain spontaneously. The aspects related to the com-
parison of the maturation time between the two groups
have not been well investigated, since the first use of the
AVF strictly depends on the clinical condition of patients
(grade of renal failure). By convention, it is preferable to
wait about 30 days before using the AVF in order to avoid
late thrombosis and occlusion consequent to a AVF that is
not well matured.

This study highlights the importance of integration
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among different medical specialties in the cure of pa-
tients, offering the best strategy in order to manage com-
plex problems of modern medicine and to guarantee the
best possible quality of life for hemodialysis-dependent
patients.
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