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Chapter 1

Introduction and Objectives



1.1 Introduction

Peripheral nerve blocks provide significant advantages in the perioperative care of
the patient undergoing surgery, including improved postoperative analgesia, a
reduction in adverse events, shorter recovery time, and expedited hospital discharge

when compared to general anaesthesia.®?

Safe performance of brachial plexus block warrants consideration of several factors,
such as i. an understanding of relevant anatomy, ii. effectiveness and potential
adverse effects of brachial plexus approach for the intended site of surgery, iii.
methods of nerve localisation, and iv. selection of pharmacological agents to enhance

the quality of block.

Interscalene block provides surgical anaesthesia for shoulder and proximal humerus,
whereas a supraclavicular approach provides the most widespread surgical
anaesthesia for the whole arm. The infraclavicular approach provides surgical
anaesthesia similar to axillary approach covering elbow, forearm, and hand. The
axillary approach to brachial plexus block is considered the safest and most
commonly performed of the four approaches® because of its superficial anatomical
configuration, ease of performance and favourable safety profile. The risk of phrenic
nerve block and pneumothorax are not features of axillary block, while they can
complicate interscalene, supraclavicular, and infraclavicular approaches. Inadvertent
intravascular and intraneural injections with resultant local anaesthetic systemic

toxicity and nerve injury are the predominant significant risks.

Methods of nerve localisation have evolved and been refined from earlier

paraesthesia and perivascular or transarterial techniques to peripheral nerve
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stimulation. With the emergence of ultrasound-guidance, regional anaesthesia has
been revolutionised and currently, an ever-growing amount of evidence s
supportive of its use. Ultrasound use has been shown to improve the quality of
peripheral nerve block by hastening block onset and enhancing block success rates.
Ultrasound has also improved nerve block safety by facilitating successful nerve
block with comparatively small doses of local anaesthetic when compared to
alternate techniques,*® thereby mitigating against the occurrence of local anaesthetic

systemic toxicity.

The choice of local anaesthetics in peripheral nerve block is dependent upon
variables such as the desired onset and duration of motor and sensory nerve block,
the expected duration of surgery and the requirement for post-surgical regional
analgesia. Evidence to support the superiority of one over another is limited. The
intermediate acting agent, Lidocaine demonstrates desirable onset characteristics
when compared to longer acting local anaesthetics, which may be desirable for rapid

turnover in an ambulatory surgery.

Other factors that can modify the effectiveness of peripheral nerve blockade are the
volume and concentration (and dose) of local anaesthetic injected. In the past, there
has been a propensity to use a higher volume of local anaesthetic to achieve
successful peripheral nerve blocks.”® Recent studies have shown that similar efficacy
can be achieved with lesser volumes.® Given the potential benefit of limiting the
volume in reducing adverse events, it is uncertain whether use of comparatively
small doses of local anaesthetic adversely influences nerve block characteristics.
Previously, studies examining this area have produced inconsistent results.13

Similarly, local anaesthetic volume and concentration influences block efficacy;
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however, block efficacy, onset time, and duration of peripheral nerve block for a

given injectate composition is not precisely predicatble.**°

Ultrasound-guided techniques of peripheral nerve block have become the gold
standard with improvements in efficacy, ease of performance and safety. The
potential benefit of perioperative regional anaesthesia should extend beyond acute
pain relief. Various adjuvants have been combined with local anaesthetic to prolong
the duration and enhance the quality of blocks. Epinephrine is most widely used
adjunct to local anaesthetics to prolong the duration of lipophobic local anaesthetic
such as lidocaine by vasoconstriction. It also acts as a marker to detect inadvertent
intravascular injection and potentially limits the local anaesthetic systemic toxicity.?
Clonidine, a selective a2 adrenoreceptor with a weak o1 activity when combined with
local anaesthetics in peripheral nerve block has shown to improve the quality of
block and prolong the duration of anaesthesia and analgesia. Doses as great as 150
ug have been administered with minimal side effects.?! It has been proposed that
clonidine exerts its effect by influencing resorption of local anaesthetics through

local vasoconstriction®? or it may have a direct action on the nerve fiber.?®

The advent of ultrasound guidance has enabled more accurate placement of local
anaesthetic paraneurally. This opens up a new possibility to precisely study the effect
of local anaesthetic volumes, volume/concentration ratio (dose) and adjuvants on the
characteristics of the nerve block. We used lidocaine with epinephrine, which is the
most commonly used agent in our institution, as the primary local anaesthetic agent
for a number of reasons. Firstly, it produces rapid block onset. This is especially
relevant when regional anaesthesia is used as for surgical anaesthesia. Secondly, it

has a better safety profile than other amide local anaesthetics such as bupivacaine or
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ropivacaine in the context of local anaesthetic toxicity. Clonidine was chosen as it
has been shown to be beneficial as an additive although the combination with
epinephrine has not been studied before. To this end, we designed a series of studies

with specific aims.
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1.2 Objectives

The overall objective of this research is to evaluate i. the effect of administering
local anaesthetic at various dose, volume, and concentration, and ii. addition of
adjuvants to local anaesthetic solution, on the clinical characteristics and efficacy of
ultrasound guided axillary plexus block for the peri-operative management of

patients undergoing upper limb trauma surgery.

The specific aims relating to the studies included in this thesis are:

Study 1 (Chapter 2) : To evaluate the duration of sensory and motor block in
patients undergoing ultrasound guided axillary brachial plexus block using 10 and 30

ml of 2% lidocaine with 1:200,000 epinephrine.

Study 2 (Chapter 3) : To evaluate the onset of sensory and motor block in patients
undergoing ultrasound guided axillary brachial plexus block using 400mg of
lidocaine with epinephrine administered as either 20ml of 2% lignocaine with

adrenaline or 40ml of 1% lignocaine with epinephrine.

Study 3 (Chapter 4) : To evaluate the onset and duration of sensory and motor block
in patients undergoing ultrasound guided axillary brachial plexus block using 20ml

2% lidocaine with 1:200,000 epinephrine with or without clonidine 1 pg/kg.
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Chapter 2

Review article :

Ultrasound guided axillary brachial plexus block.
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2.1 Abstract

The axillary brachial plexus block is an effective and widely used technique for
providing surgical anaesthesia at and below the elbow. Safe performance of the
block requires thorough knowledge of relevant anatomy and understanding of the
technique. Methods of axillary brachial plexus block are briefly reviewed with
particular reference to ultrasound guidance.

Keywords: axillary brachial plexus block, regional anaesthesia, ultrasound
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2.2 Introduction

Peripheral nerve blocks have seen a big resurgence of interest in the past decade
especially with the advent of ultrasound. Nerve blocks have evolved from being an
art that only a few physicians can master to a more objective and transferable skill
largely due to the introduction of ultrasound guidance. Peripheral nerve blocks today
are a major component of perioperative multimodal analgesia.>? In particular, for
upper extremity surgeries, brachial plexus blocks (interscalene, supraclavicular,
infraclavicular and axillary approaches) have been consistently shown to be
associated with time-efficient anaesthesia, faster recovery, fewer adverse events,
better analgesia, and greater patient acceptance when compared to general

anaesthesia.®®

The axillary brachial plexus block (ABPB) provides surgical anaesthesia at and
below the elbow. The technique is relatively easy to perform because of the
superficial location of the plexus and relatively small risk of complications when
compared to interscalene (e.g., phrenic nerve block, spinal cord injury, or vertebral
artery puncture) or supraclavicular (e.g., pneumothorax) approaches.® Inadvertent
intraneural and intravascular injections are the only significant risks. Various
methods of ABPB have been described such as paraesthesia-seeking, nerve-
stimulating, perivascular, trans-arterial, and ultrasound-guided techniques. This

review will focus on the ultrasound guided axillary brachial plexus block.
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2.3 Anatomy

The brachial plexus is derived from the ventral rami of C5-8 and T1 nerve roots in
most individuals. Occasionally contributions from C4 and T2 nerve roots create a
‘prefixed” or ‘postfixed’ plexus.” The roots emerge from the intervertebral foramina
and continue between scalenus anterior and medius muscles. Here roots unite to
form trunks (upper, middle, and lower) and pass downward over the posterior
triangle of the neck and the first rib. At the lateral border of the first rib, behind the
clavicle, each trunk divides into divisions (anterior and posterior). These divisions
continue into the axilla and form the cords. The anterior divisions of the upper and
middle trunks unite to form the lateral cord, while the anterior division of the lower
trunk continues as the medial cord. All three posterior divisions unite to form the
posterior cord. These cords are named according to their position around the axillary
artery. Each cord ends near the lower border of the pectoralis minor muscle by
dividing into two terminal branches. The lateral cord gives off the lateral branch of
median nerve and terminates as musculocutaneous nerve. The medial cord gives off
the medial branch of the median nerve and terminates as the ulnar nerve. The
posterior cord gives off the axillary nerve and terminates as the radial nerve. All
these terminal nerves along with the medial cutaneous nerve of arm, forearm and
intercostobrachial nerve provide the sensory and motor supply of the upper
extremity. The cords, the terminal branches and the vessels lie within an incomplete

fascial sheath derived from the prevertebral fascial layer.®

At the level of axilla, the median, ulnar and radial nerves lie within the neurovascular
bundle. The musculocutaneous nerve lies outside the sheath in the plane between the

biceps and coracobrachialis muscle, as it leaves the lateral cord before the cords
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enter the axilla. Within the fascia, in relation to the axillary artery, the nerves are
arranged as follows: (1) median-lateral and anterior, (2) ulnar-medial and anterior,
and (3) radial-medial and posterior. The musculocutaneous nerve appears lateral and

posterior to the artery.
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2.4 Principles of brachial plexus block

The brachial plexus can be blocked at its various anatomical divisions from nerve
roots to its individual terminal branches. The choice of approach depends upon the
sensory and motor innervations of the surgical site. The interscalene approach blocks
the plexus at the level of roots, thus it is used for shoulder and proximal humerus
procedures. The supraclavicular approach blocks the plexus at the level of trunks and
divisions providing the most widespread surgical anaesthesia for the whole arm. The
infraclavicular approach blocks the cords, whereas the axillary approach blocks the
terminal branches thus providing surgical anaesthesia for the elbow, forearm, and
hand. In addition, the axillary block also provides cutaneous anaesthesia for the inner
upper arm which is suitable for procedures requiring tourniquet. Overall, the axillary
approach is considered the safest approach because of the lowest risk of serious

complications.
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2.5 Ultrasound guided axillary brachial plexus block

Abramowitz and Cohen described in 1981 the use of Doppler ultrasound to identify
the axillary artery, an essential landmark during a difficult perform ABPB.° It was,
however, the use of B-mode ultrasound in 1989 for axillary block performance that
paved the way for ultrasound-guided peripheral nerve blocks.!® Ultrasound guidance
is ideally suited for ABPB for a variety of reasons. The nerves are superficial and
therefore easier to identify. The shallow depth of the nerve means that the needle for
in-plane approach will be almost perpendicular to the direction of the ultrasound
beam, thereby greatly improving needle visibility, which in turn will allow for
accurate needle positioning with minimal needle redirections. The vast anatomical
variations in position of vascular and neural structures relevant to axillary block!!
will make ultrasound even more suited when compared to conventional landmark
guided approach. As one would expect, ultrasound guidance has been shown to
reduce block performance time, improve block success rate,'?4 shorten onset
time,*>16 reduce vascular puncture’”® and achieve a reduction in the volume of local

anaesthetic required.®

Ultrasound anatomy

The patient is made comfortable in supine position with the arm abducted and the
elbow flexed to 90 degrees. After skin and probe preparation, a linear 38-mm, high
frequency 10-12 MHz transducer is placed in the transverse plane at the lateral
border of pectoralis major muscle to obtain the best view of the brachial plexus.
Image quality is optimised with selection of appropriate depth (within 1-2 cm), focus
range (within 1cm) and gain. The structures of interest are very superficial with the

pulsating axillary artery localised within 1 cm (fig 1). Easing the pressure on the
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transducer often reveals one or more axillary veins, often located medially to the
artery (fig 2, fig 3). Surrounding the axillary artery, one will find the three out of
four terminal branches of the brachial plexus: the median (superficial and lateral to
the artery), the ulnar (superficial and medial to the artery) and the radial (posterior
and lateral or medial to the artery) nerves. They often have honeycomb appearance
with heterogeneous echogenicity. The fourth terminal branch, the musculocutaneous
nerve is often seen as a hyperechoic flattened oval shape nerve in the plane between
the biceps and coracobrachialis muscles. There is a considerable variation in the
position of the nerves among individuals. The median nerve is most commonly seen
at 11-12 o’clock position, the ulnar nerve at 2-3 o’clock, the radial nerve at 4-6
o’clock and the musculocutaneous commonly seen at 8-9 at o’clock in relation to the

artery.?

Moving the transducer proximally towards the axilla and distally towards the elbow
allows appreciation of the course of each nerve. Of all the nerves, the radial nerve is
often difficult to visualise and block. It is important to exclude the post cystic
enhancement artefact beneath the artery. Identification of the confluence of the
tendons of the latissimus dorsi and teres major with ultrasound may improve the
chance of visualising the radial nerve (fig 4). It lies directly anterior to the humeral
insertions of the tendons, with anatomic variation of this relation being quite

uncommon.?!
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2.6 Technique

Needle insertion

In plane approach

A short-bevelled 5 cm 22G insulated needle is inserted parallel to the long axis of the
transducer from the lateral side (fig 5). As the needle is in the same plane as the
ultrasound beam, the path of the advancement can be visualised in real time as the
needle approaches the target nerves (fig 6, fig 7). Ideally, the radial nerve should be
targeted first, as it lies posterior to artery, in order to prevent displacing the structures
of interest to deeper and obscuring the median and ulnar nerves. The
musculocutaneous nerve should be blocked separately outside the neurovascular

bundle.

Out of plane approach

The needle insertion is at the as the midpoint of the upper edge of the ultrasound
probe (fig 8). Constant injection of small quantity of injectate is necessary in order to
identify the position of the needle tip. In terms of safety, the in-plane approach offers
better visualisation of the needle. Importantly, the routine of identifying the axillary
veins using colour Doppler (fig 9) as they can be easily compressed with the
transducer and visualising the injectate is paramount. Frequent aspiration, slow
administration of 1-2 mL of local anaesthetic and visualisation of the spread of
injectate around the nerve is critical to reduce the chance of intravascular or

intraneural injection and to increase the chance of block success.
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Choice and volume of local anaesthetic solution

This is determined by the desired duration of sensory analgesia. Lidocaine 1.5-2%
with epinephrine 1:200000 or mepivacaine 1-1.5% provides effective blockade for
2.5-3 hours.??2% A longer duration may be achieved with use of ropivacaine 0.5% or
levobupivacaine 0.5%.2* Traditionally, greater volumes of local anaesthetic have
been administered to achieve successful axillary brachial plexus block,?2® but recent
studies have demonstrated that this can be achieved with even very low volumes of
2-4 mL lidocaine 1.5% per nerve®® or ultra-low volume of 1 mL lidocaine 2% per
nerve.?” However, these volumes were believed to be operator dependent. It is
recommended to use at least 4-5 mL of local anaesthetic solution for each nerve to

achieve successful axillary brachial plexus block.

Perivascular vs perineural
Ultrasound guidance in the performance of axillary block can be applied to
I perineural injection as described earlier, where the operator identifies and
blocks the individual nerves, or
ii. perivascular technique, where the operator blocks the musculocutaneous
nerve separately and deposits local anaesthetic solution around the
axillary artery, which is in turn believed to achieve blockade of median,
ulnar, and radial nerves.?82°
Both these techniques have been compared by Bernucci et al*® and found to have
similar success rates. However, the latter runs the risk of impaling nerves in

inexperienced hands.
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2.7 Conclusions

Axillary brachial plexus block is an effective and widely used technique for
providing surgical anaesthesia at and below the elbow. It is relatively simple and safe
when compared to the four approaches to brachial plexus. With the advent of
ultrasound technology, there is a marked improvement in the success rate, shorter
onset time and reduction in the volume required for successful block. Paramount
importance should be given to continuous visualisation of the needle tip during
forward advancement and the spread of injectate in order to minimise intravascular

and intraneural injection.
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2.8 Figures

Figure 1. Ultrasound scout scan of axilla showing AA: axillary artery, UN: ulnar
nerve, RN: radial nerve, MCN: musculocutaneous nerve and CBM: coracobrachialis

muscle
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Figure 2. Ultrasound scout scan of axilla showing AV: axillary vein(s). UN: ulnar

nerve, MN: median nerve, RN: radial nerve, AA: axillary artery
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Figure 3. Axillary veins compressed by ultrasound probe
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Figure 4. Arrow heads showing sonographic appearance of the conjoint tendon of

the latissimus dorsi and teres major muscles

SIVUH Ortho . 12L-sC

31



Figure 5. Ultrasound guided axillary brachial plexus block. In-plane approach of the

needle with respect to probe. Also note the position of the patient’s upper limb

Figure 6. Needle trajectory and local anaesthetic spread around the ulnar nerve

(shaded area)
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Figure 7. Needle trajectory and local anaesthetic spread around the median nerve

(shaded area)
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Figure 8. Ultrasound guided axillary brachial plexus block. Out-of-plane approach

of the needle with respect to probe.
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Figure 9. Doppler identification of vessels during ultrasound guided brachial plexus

block.
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Chapter 3

Study 1:

Effect of lidocaine volume on the duration of axillary brachial plexus block: a

randomised controlled trial
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3.1 Abstract

Background: Ultrasound guidance has led to marked improvement in the efficacy of
peripheral nerve blocks and a reduction in injectate dose. Although a variety of
doses/volumes of local anaesthetic are currently used successfully, the effects of
dose reduction on the block characteristics remain unclear. The purpose of our study
was to compare the effect of two volumes of lidocaine 2% with epinephrine on the

duration of ultrasound-guided axillary brachial plexus block.

Methods: Patients were randomised to receive an ultrasound guided axillary brachial
plexus block with either 10 (Group 10) or 30 (Group30) mL of lidocaine 2% with

epinephrine. Onset time, duration of sensory and motor block were recorded.

Results: Fifteen patients were randomized to each group. The median [IQR] overall
onset time of sensory and motor block was significantly shorter in Group 30 when
compared to Group 10 (10 [5 — 15] min vs 15 [10 — 15] min; P = 0.045) and (5 [5 —
10] min vs 10 [10 — 15] min; P = 0.013), respectively. The median overall duration
of sensory block was 188 (IQR, 173-205) min in Group 30 versus 165 (IQR, 142-
172) min in Group 10 (P <0.001). The median overall duration of motor block was
195 (IQR, 175-220) min in Group 30 versus 165 (IQR, 147-180) min in Group 10
(P=0.001). The median time to first request of supplementary analgesia was 267
(IQR, 224-313) min in Group 30 versus 188 (IQR, 168-224) mins in Group 10 (P=

0.011).

Conclusion: Ultrasound-guided axillary brachial plexus block performed with 10
mL versus 30 mL of lidocaine 2% with epinephrine resulted in shorter overall block

duration and shorter time to first request of rescue analgesia.
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3.2 Introduction

With the advent of ultrasound guidance, there has been marked improvement in the
characteristics of the peripheral nerve blocks compared to alternative techniques.
Ultrasound guidance has been shown to improve block success rate,'* to shorten

onset time,>” and to afford a reduction in the local anaesthetic dose.®1?

Ultrasound-guided axillary brachial plexus block is an effective and widely used
technique for providing surgical anaesthesia at and below the elbow. Traditionally,
higher volumes of local anaesthetict'?'® have been administered to achieve
successful axillary brachial plexus block. Many studies have demonstrated that
similar efficacy can be achieved with volumes as low as 2-4 mL lidocaine 1.5% or
even 1 mL of lidocaine 2% per nerve.?? Although reducing the dose of local
anaesthetic can potentially reduce the incidence of complications, the effect of dose
reduction on the block characteristics in general, and on block duration in particular,
remains unclear. Previously, studies comparing block duration and onset time when

using different doses of local anaesthetic yielded conflicting results.

We hypothesised that a lower volume (dose) of a given concentration of local
anaesthetic solution results in a shorter block duration following ultrasound guided
axillary brachial plexus block. In order to test this hypothesis, we carried out a
prospective, randomised, single-blinded clinical trial comparing block duration
following performance of an axillary brachial plexus block with 10 and 30 mL of

lidocaine 2% with epinephrine, respectively.
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3.3 Methods

This single centre study was approved by the Clinical Research Ethics Committee of
Cork Teaching Hospitals, Cork, Ireland [ECM 4(j) 02/10/12; 20 September 2012,
Chairperson Dr Michael Hyland], registered at https://clinicaltrials.gov
(NCT03163472), and carried out at Cork University Hospital. Having obtained
written informed consent from each, patients aged 18 years or older, ASA grade I-1I1
undergoing unilateral upper limb trauma surgery (operative fixation of fractures
distal to the elbow) were enrolled in the study. Exclusion criteria were
contraindication to regional anaesthesia, hypersensitivity to amide local anaesthetics,
intolerance or contraindication to non-steroidal anti-inflammatory drugs, BMI > 35,
pregnancy, cardiac conduction abnormalities, history of hepatic and renal

insufficiency, chronic pain, peripheral neuropathy, and psychiatric disorder.

Patients were randomised using simple randomisation, computer generated numbers
and sealed envelope technique, prepared by an investigator with no clinical
involvement in the trial. They were subsequently allocated to receive ultrasound-
guided axillary brachial plexus block with either 10 mL or 30 mL lidocaine 2% with
1:200,000 epinephrine. Intravenous access was established in the contralateral upper
limb and standard monitoring was employed throughout the procedure. The
operative arm was abducted and externally rotated with the elbow flexed at 90°.
Under aseptic precautions the axillary brachial plexus block was performed under
ultrasound guidance alone using a SonoSite Titan unit (SonoSite®, Bothwell, WA)
with a 38 mm linear array 5-10 MHz transducer (L38). After identifying the median,
ulnar, radial, and musculocutaneous nerves in the axillary region, a 50 mm 24-gauge
insulated short bevel needle (Stimuplex® B. Braun, Melsungen, Germany) was

advanced in-plane towards each nerve with the aim of surrounding it with either

42



2.5mL (10 mL group) or 7.5 mL (30 mL group) lidocaine 2% with epinephrine
1:200,000. Dynamic manipulation of the needle was sought to facilitate the
circumferential perineural spread of local anaesthetic. All blocks were performed by

an operator experienced in the ultrasound-guided peripheral nerve blocks.

Block assessment

Upon completion of the block, a blinded observer unaware of the injectate volume
assessed the onset of sensory and motor block™ in the innervation area of each nerve
(median, ulnar, radial, and musculocutaneous nerve) every 5 mins, until surgical
anaesthesia was achieved or 30 mins have elapsed. Sensory function was scored as
being present or absent and motor function was graded using the modified Bromage
Scale (Table 1). Surgical anaesthesia was defined as a motor score <2, with absent
sensation to cold (tested with ethyl chloride BP, Criogesic®, Dr Georg Friedrich
Henning, Chemische Fabrik Walldorf GmbH, Walldorf, Germany). Each nerve
distribution area was individually assessed, and the onset time was measured from
conclusion of the block (removal of block needle, To) to attainment of surgical
anaesthesia. The block was considered a failure if surgical anaesthesia had not been
achieved at 30 mins in one or more of the four nerve distribution areas. In case of
block failure, an additional rescue block or conversion to general anaesthesia was
planned with the view of analysing data from those patients separately. All patients
received paracetamol 1 g and diclofenac sodium 75 mg iv intraoperatively. In case of
patient discomfort or upon request, sedation with midazolam to a maximum of 3 mg
and/or supplemental analgesia with up to 100 ug fentanyl was provided by the

attending anaesthesiologist.
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Postoperative analgesia was prescribed around the clock in the form of paracetamol
1 g po 6 hourly and diclofenac 75 mg po 12 hourly. Oxycodone 10 mg orally 4-6
hourly was administered as rescue analgesia. Postoperatively, recovery of sensory
and motor function of each nerve was assessed every 15 mins by a blinded observer.
Block regression was defined as a return of sensation to cold and motor power (score

>3) in any nerve distribution area.

The primary outcome was overall duration of sensory block, which was defined as
the time elapsed from To until the return of sensation in any one or more of the four
nerve distribution areas. Similarly, overall duration of motor block was defined as
the time interval from Tp to return of motor power (score >3) in any one or more of
the four nerve distribution areas. Secondary outcome measures included overall
duration of motor block, duration of sensory and motor block of individual nerves,
onset time of sensory and motor block, time to first request of postoperative opioid

analgesia and incidence of adverse effects perioperatively.

Sample size and statistical analysis

The sample size was calculated based on the overall duration of sensory block as the
primary outcome parameter. Kaabachi et al*® found a mean duration of sensory block
of 126 (SD * 48) min following an axillary brachial block performed with 30 mL
lidocaine 1.5%. The minimum sample size required to have a 90% probability of
detecting a decrease in duration of 60 mins (level of significance 0.05) was 13
patients per group. We recruited 15 patients per group to account for potential

dropouts.

Statistical analysis was performed using SPSS version 24 (IBM, Armonk, New

York). The Shapiro-Wilk test was used for normality testing. Continuous, normally
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distributed data are presented as mean (SD), and non-normally distributed data as
median (interquartile range [IQR]). Comparisons between groups were analysed
using the unpaired Student’s t test for normally distributed data and the Mann-
Whitney U test for nonparametric data. Categorical variables were compared
between groups using Pearson’s or Fischer’s exact test. All tests were 2-tailed, and P

< 0.05 was considered statistically significant.
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3.4 Results

Thirty patients were enrolled in the study (15 in each group) from November 2012 to
August 2013. All patients completed the study, thus data from 30 patients was
analysed (Fig 1). Patient characteristics were similar in the two groups (Table 2).
The overall onset time of sensory and motor block were shorter in Group 30
compared to Group 10 (Table 3). This was reflected in the individual nerve block
onset times with the exception of radial sensory and musculocutaneous motor block
onset (Table 3). The overall duration of sensory and motor block was longer by 12%
and 15% respectively in Group 30. (Table 4). In addition, the overall duration of
both sensory and motor block of individual nerves were longer in Group 30 (Table
4). Figure 2 depicts the primary outcome measure, overall duration of sensory block.

Figure 3 represents overall duration of motor block.

No patient required a rescue block, conversion to general anaesthesia, or
intraoperative opioid analgesia. Seven patients, three in Group 10 and 4 in Group 30
received intraoperative sedation for anxiety. Twenty patients, 12 in Group 10 and 8
in Group 30, requested additional opiate analgesia postoperatively. The median
(IQR) time to first request of supplementary analgesia was longer in Group 30 at
267 (224-313) min when compared to 188 (168-224) min in Group 10 (P= 0.011).

There were no adverse events noted in either group.
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3.5 Discussion

The most important finding of this study is that the reduction in volume (dose) of
local anaesthetic resulted in shorter overall duration of sensory and motor block and

a shorter time to first request of postoperative analgesia.

Previously, studies have shown that, ultrasound guidance can significantly reduce the
volume of local anaesthetic required to achieve successful nerve blocks when
compared to conventional techniques®1°. Use of large volumes of local anaesthetic is
associated with increased incidence of complications e.g., systemic toxicity of local
anaesthetics''® and inadvertent phrenic nerve block during interscalene block
leading to respiratory impairment!®. Given the potential advantage of reducing
adverse events, it would be prudent to use lower volume of local anaesthetic to
achieve successful nerve blocks without affecting the desirable characteristics of the

block (i.e., the duration of block)

Few studies have evaluated specifically the effect of volume on the duration of
block. Ponrouch et al?® studied the minimum effective anaesthetic volume of
mepivacaine 1.5% for median and ulnar nerve block and found a significant
correlation between lower volume and shorter duration of sensory block but no effect
on block onset time. Similarly, Schoenmakers et al?* compared the effect of local
anaesthetic volume 15 mL vs 40 mL mepivacaine 1.5% on the duration of ultrasound
guided axillary brachial block. They found the sensory and motor block duration was
17% and 19% shorter, respectively in the lower volume group. Our study showed
similar outcomes. In the high-volume group, we used 30 mL as opposed to 40 mL
used in previous studies. This is because with the advent of ultrasound, volume of

more than 30 mL is rarely used for axillary brachial plexus block.

47



A number of studies have demonstrated that successful ultrasound guided axillary
brachial plexus block can be achieved with very low volumes. Harper et al'* were
able to surround each nerve of the axillary brachial plexus using 2-4 mL of lidocaine
1.5% with epinephrine 1:200,000. Their mean (95% CI) duration of sensory block of
137.1 (105.6-168.7) min was similar to that in our Group 10. Similarly, O’Donnell et
al?2 have successfully achieved axillary brachial plexus block with 1 mL of lidocaine
2% with epinephrine 1: 200, 000 per nerve (total 4 mL). Their mean block duration
of 160.8 (SD % 30.7) min was not dissimilar to that in our Group 10. We used 10 ml
in this lower volume group as opposed to smaller volumes as we believe this dose
(volume and concentration) reflects the current clinical practice of ultrasound guided
axillary block more closely. Our study supports the correlation between the volume
of anaesthetics and duration of peripheral nerve block, with lower volumes resulting

in shorter duration.

The strengths of our study lie with its design and rigorous methodology geared
towards detecting resolution of sensory and motor block. The clinical implication of
this is far reaching. Not only should we aim for surgical anaesthesia grade nerve
blocks for the duration of the operation, but we should be able to predict the
dissipation of sensory block in particular. This is important for both patient
expectations management and timing of analgesia such as to minimise or eliminate

rebound pain.

Our study has limitations such as the modest sample size, and the 15 min interval
assessment of the residual block, thus potentially missing the precise resolution and

overestimating block duration. Had we in addition assessed pain scores following
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resolution of the block, we could have estimated the magnitude of rebound pain.

This is an area that deserves further investigation.
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3.6 Conclusion

When compared to 30 mL, using 10 mL lidocaine 2% with epinephrine for
ultrasound-guided axillary brachial plexus resulted in shorter overall duration of
sensory and motor block, a shorter time to first postoperative analgesia request, and

a longer sensory and motor block onset time.
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3.7 Tables

Table 1. Motor and sensory testing

Sensory test site

Motor test
Median Flexion of radial 3 fingers
Radial Extension of wrist/elbow
Ulnar Abduction of fingers
Musculocutaneous Elbow flexion

Thenar eminence

Dorsum of hand
Hypothenar eminence
Over base first metacarpal

Modified Bromage Scale

Score

4
3
2

[EEY

Definition

Full power in relevant muscle.

Reduced power but ability to move muscle against resistance
Ability to move relevant muscle group against gravity but not against

resistance

Flicker of movement in relevant muscle group

No movement in relevant muscle group
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Table 2: Patient characteristics

Continuous variables are presented as means (SD), categorical variables as counts

y = years, n=number

(forearm, wrist, hand),n

Group 10 mL Group 30 mL P value
(n=15) (n=15)
Age, y 49 +15.1 50 +22.1 0.91
Sex, M/F, n 8/7 (53%/47%) | 9/6 (60%/40%) | 0.71
BMI, Kg/m? 25.7 £3.1 27.1+£29 0.21
ASA grade (I/11/111), n 717/1 7/8/0 0.59
(47%, 47%, 6%) | (47%, 53%)
Duration of surgery, min | 55.13 + 19.2 55.33+9.3 0.97
Site of surgery 0/13/2 1/11/3 0.50
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Table 3. Sensory and motor block onset time

Data are presented in minutes, values are median (interquartile range, Q1-Q3)

Group 10 mL Group 30 mL | P value

Overall sensory onset 15 (10-15) 10 (5-15) 0.045
Overall motor onset 10 (10-15) 5 (5-10) 0.013
Radial nerve

Sensory 15 (10-15) 5 (5-15) 0.053

Motor 10 (5-15) 5 (5-5) 0.016
Ulnar nerve

Sensory 10 (5-15) 5 (5-5) 0.012

Motor 10 (10-15) 5(5-10) 0.005
Median nerve

Sensory 10 (5-15) 5 (5-10) 0.019

Motor 10 (5-15) 5 (5-5) 0.001
Musculocutaneous nerve

Sensory 10 (5-10) 5 (5-5) 0.006

Motor 10 (5-10) 5 (5-5) 0.087
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Table 4. Sensory and motor block duration

Data are expressed in minutes, values are median (Interquartile range, Q1-Q3)

*Difference = difference between the median of Group 30 and Group 10 as a

percentage of the median value of Group 30

Group10mL | Group30mL |P Difference,
(n=15) (n=15) value | * %
Overall
sensory duration 165 (142-172) | 188 (173-205) | <0.001 | 12
Overall
motor duration 165 (147-180) | 195 (175-220) | 0.001 |15
Radial nerve
Sensory 165 (147-185) | 195(173-218) | 0.001 | 15
Motor 172 (147-185) | 204 (185-225) | 0.001 | 16
Ulnar nerve
Sensory 165 (151-185) | 195 (179-220) | 0.002 | 15
Motor 166 (152-185) | 205 (188-235) | <0.001 | 19
Median nerve
Sensory 169 (143-180) | 190 (179-220) | <0.001 | 11
Motor 169 (147-187) | 195 (182-235) | 0.005 | 13
Musculocutaneous
nerve
Sensory 165 (147-185) | 195 (185-230) | 0.002 | 15
Motor 166 (157-185) | 210 (182-235) | 0.001 | 20
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3.8 Figures

Figure 1. Consort flow diagram
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Figure 2. Overall duration of sensory block

The horizontal black line represents the median, the box represents the interquartile
range, and the vertical lines show the lowest and highest values.

*P<0.001
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Figure 3. Overall duration of motor block

The horizontal black line represents the median, the box represents the interquartile
range, and the vertical lines show the lowest and highest values.
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Chapter 4

Study 2:

Effects of local anaesthetic dilution on the characteristics of ultrasound

guided axillary brachial plexus block: a randomised controlled study
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4.1 Abstract

Background: Ultrasound guidance has led to marked improvement in the success
rate and characteristics of peripheral nerve blocks. However, effects of varying the
volume or concentration of a fixed local anaesthetic dose on nerve block remains
unclear. The purpose of our study was to evaluate whether at a fixed dose of
lidocaine, altering the volume and concentration will have any effect on the onset

time of ultrasound-guided axillary brachial plexus block.

Material and methods: Twenty patients were randomised to receive an ultrasound-
guided axillary brachial plexus block with either lidocaine 2% with epinephrine (20
ml, Group 2%) or lidocaine 1% with epinephrine (40 ml, Group 1%). The primary
endpoint was block onset time. Secondary outcomes included duration of the block,
performance time, number of needle passes, incidence of paraesthesia and vascular

puncture.

Results: The median [IQR] onset time of surgical anaesthesia was shorter in Group
1% when compared to Group 2% (6.25 [5 — 7.5] min vs 8.75 [7.5 — 10] min; P =
0.03). The mean (SD) overall duration of surgical anaesthesia was significantly
shorter in Group 1% compared to Group 2% (150.9 + 17.2 min vs 165.1 £ 5.9 min; P
= 0.02). Group 1% had a shorter performance time with fewer needle passes. The

incidence of vascular puncture and paraesthesia was similar in the two groups.

Conclusion: In ultrasound-guided axillary brachial plexus block, administering a
higher volume of lower concentration lidocaine is associated with shorter onset time

and duration of surgical anaesthesia.
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4.2 Introduction

Ultrasound-guided axillary brachial plexus block (USgABPB) is an effective and
reliable technique for the provision of surgical anaesthesia for forearm and hand
surgeries.’* Previously, numerous studies have compared efficacy of brachial plexus
block using different local anaesthetic solutions of varying concentrations and
volumes.>’ However, only few studies have shown that, at constant dose, altering
the volume or concentration can affect the characteristics of the nerve block.
Historically, it has been reported that higher concentration/lower volume yielded a
shorter onset time when compared to higher volume/lower concentration solution
using a single injection nerve stimulation technique for sciatic nerve block.2® In
contrast, in perivascular axillary blocks with a fixed dose of local anaesthetic, larger
volumes provided a better quality sensory®® and quicker onset motor block*! when
compared to lower volumes. The results from these studies were inconsistent with
respect to onset time, success rate and duration of the block. In addition, it is

unknown whether they can be replicated with ultrasound guidance.

In this prospective, randomised, double-blind study, we examined whether two
different volumes and concentrations of a fixed dose of lidocaine with epinephrine
influenced the characteristics of USgABPB. We hypothesised that 40 mL of
lidocaine 1% with epinephrine would result in a shorter onset time when compared

to 20 mL of lidocaine 2% with epinephrine.
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4.3 Methods

This single centre study was approved by the Clinical Research Ethics Committee of
Cork Teaching Hospitals, Cork, Ireland [ECM 4(mm) 01/07/14; 01 July 2014,
Chairperson Professor Michael G Molloy], registered at https:/clinicaltrials.gov
(NCT03207035), and carried out at Cork University Hospital. Having obtained
written informed consent from each, patients aged 18 years or older, ASA grade I-1I1
scheduled to undergo unilateral upper limb trauma surgery of the hand or forearm,
were enrolled in the study. Exclusion criteria were contraindication to regional
anaesthesia, hypersensitivity to amide local anaesthetics, intolerance, or
contraindication to non-steroidal anti-inflammatory drugs, BMI > 35, pregnancy,
cardiac conduction abnormalities, history of hepatic and renal impairment, chronic

pain, neuromuscular disease, and psychiatric disorder.

Patients were randomised using computer-generated sequence of random numbers
and sealed envelope technique, prepared by an investigator with no clinical
involvement in the trial. They were subsequently allocated to receive USgABPB
with either 20 mL lidocaine 2% with 1:200,000 epinephrine (Group 2%) or 40 mL
lidocaine 1% with 1:400,000 epinephrine (Group 1%) (diluted up to the study
volume with 0.9% saline). Intravenous access was established in the contralateral
upper limb and standard monitoring was employed throughout the procedure. The
operative arm was abducted and externally rotated with the elbow flexed at 90°.
Under aseptic precautions the axillary brachial plexus block was performed under
ultrasound guidance alone using a SonoSite Titan unit (SonoSite®, Bothwell, WA)
with a 38 mm linear array 5-10 MHz transducer (L38). Following the identification

of the median, ulnar, radial, and musculocutaneous nerves in the axillary region, a 50
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mm 24-gauge insulated short bevel needle (Stimuplex® B. Braun, Melsungen,
Germany) was advanced in-plane towards each nerve with the aim of surrounding it
with either 5 mL (Group 2%) or 10 mL (Group 1%) of local anaesthetic solution.
Dynamic manipulation of the needle was sought to facilitate the circumferential
perineural spread of local anaesthetic. All blocks were performed by an operator

experienced in USgQABPB.

Block assessment

Upon completion of the block, a blinded observer not aware of the injectate volume,
assessed the onset of sensory and motor block in the innervation area of each nerve
(median, ulnar, radial, and musculocutaneous nerve) every 2.5 mins, until surgical
anaesthesia was achieved, or 30 mins have elapsed. Sensory function was scored as
being present or absent and motor function was graded using the modified Bromage
Scale* (Tablel page 50). Surgical anaesthesia was defined as a motor score <2, with
absent sensation to cold (tested with ethyl chloride BP, Criogesic®, Dr Georg
Friedrich Henning, Chemische Fabrik Walldorf GmbH, Walldorf, Germany). Each
nerve distribution area was individually assessed, and the sensory and motor onset
time was measured separately from conclusion of the block (removal of block
needle, To) to attainment of absent sensation to cold and a motor score <2,
respectively. Overall sensory and motor block onset time was taken from To to
attainment of surgical anaesthesia in all innervation territories. The block was
considered a failure if surgical anaesthesia had not been achieved at 30 mins in one
or more of the four nerve distribution areas. In case of block failure, an additional
rescue block or conversion to general anaesthesia was planned together with separate
analysis of data from those patients. All patients received paracetamol 1 g and

diclofenac sodium 75 mg iv intraoperatively. In case of patient discomfort or upon
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request, sedation with midazolam to a maximum of 3 mg and/or supplemental
analgesia with up to 100 ug fentanyl was provided at the discretion of the attending

anaesthesiologist.

Postoperative analgesia was prescribed around the clock in the form of paracetamol
1 g po 6 hourly and diclofenac 75 mg po 12 hourly. Oxycodone 10 mg orally 4-6
hourly as required was administered as rescue analgesia. Postoperatively, sensory
and motor function of each nerve was assessed every 15 mins. Sensory and motor
duration was measured separately for each nerve from Tg to return of sensation to
cold and motor power to >3, respectively. Overall sensory and motor block offset
was defined as return of sensation to cold and motor power (score >3) respectively,

in any one nerve distribution area.

The primary outcome was overall surgical anaesthesia onset time, which was defined
as the time elapsed from conclusion of block (To) until attainment of surgical
anaesthesia in all nerves distribution areas. Secondary outcome measures included
overall duration of sensory and motor block, as well as sensory and motor onset
times and durations of individual nerves. Overall duration of surgical anaesthesia
was defined as time elapsed from To to return of sensation and motor power (score

>3) respectively in any one nerve distribution area.

Block performance parameters were recorded such as imaging time (defined as time
elapsed from placement of US probe on the patient to acquisition of a satisfactory
image of the axillary artery and surrounding nerves) and needling time (defined as
the time interval between insertion and removal of block needle). Thus, performance
time was defined as the sum of imaging and needling times. The number of needle

passes were recorded. The initial needle pass was considered as the first pass and any
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subsequent needle advancement preceded by retraction of lcm counted as an

additional pass. Incidences of vascular puncture and paraesthesia were also noted.

Sample size and statistical analysis

In the absence of data from previous studies using 20 ml of lidocaine 2% with
epinephrine for ultrasound guided axillary brachial plexus block, sample size was
calculated based on our pilot study of 10 patients. We found a mean (SD) onset time
of 11.25 (+ 2.3) min. The minimum sample size required to have an 80% probability
of detecting a 30% decrease in onset time (level of significance 0.05) was 7 patients

per group. We recruited 10 patients per group to account for potential dropouts.

Statistical analysis was performed using SPSS version 24 (IBM, Armonk, New
York). The Shapiro-Wilk test was used for normality testing. Continuous, normally
distributed data are presented as mean (SD), and non-normally distributed data as
median (interquartile range [IQR]). Comparison between groups were analysed using
the unpaired Student’s t test for normally distributed data and the Mann-Whitney U
test for nonparametric data. Categorical variables were compared between groups
using Pearson’s or Fischer’s exact test. All tests were two-tailed, and P < 0.05 was

considered statistically significant.

67



4.4 Results

Twenty patients (10 in each group) were recruited to the study from September 2014
to August 2015. All patients completed the study (Fig 1), and none of the patients
required rescue block, conversion to general anaesthesia or intraoperative opioid
analgesia. There were no adverse events noted in either group. The patient
demographic characteristics were similar between the groups (Table 1). Table 2
details onset times. The median [IQR] overall onset time of surgical anaesthesia was
shorter in Group 1% compared to Group 2%. The overall onset time of sensory but
not motor block was also shorter in Group 1%. Onset times of individual nerves
were similar in the two groups, with the exception of median sensory onset time
which was shorter in Group 1%. Table 3 depicts block durations. The mean (SD)
overall duration of surgical anaesthesia was shorter in Group 1% compared to Group
2%, reflective of overall motor block duration. Individual sensory and motor block
durations were similar, with median motor block duration shorter in Group 1%.

Figure 2 shows the primary outcome measure, overall onset of surgical anaesthesia.

Group 1% had a shorter needling time; performance time and fewer needle passes
when compared to Group 2%. No difference was found between the groups with

respect to imaging time, incidence of vascular puncture or paraesthesia (Table 4).
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4.5 Discussion

In this single centre randomised controlled trial, we observed that when using 400
mg of lidocaine with epinephrine, increasing the volume of injectate by dilution
resulted in shorter overall onset time and subsequent shorter duration of ultrasound
guided axillary brachial plexus block. While the shorter onset may be advantageous
and desirable in clinical settings with high volume activity and quick turnover, it
appears to come at the expense of a shorter duration of block which should be both

anticipated and managed appropriately.

In theory, both concentration and volume of the perineural injectate can influence the
characteristics of the nerve block. Higher concentrations may shorten the onset time
by facilitating the diffusion of local anaesthetic molecules into the nerve,® while
larger volumes may influence the block onset time by promoting injectate spread
around neural structures.!* However, how the volume/concentration ratio at a fixed
local anaesthetic dose affects the characteristics of a nerve block, remains unclear.
Previous studies yielded inconsistent results with respect to success rate, onset time
and duration of the block.®%® Several factors such as local anaesthetic
volume/concentration ratio, anatomical site of injection and the nerve locating

technique used in the study might have contributed to the variable results.

For the Labat approach to the sciatic nerve block using a single injection nerve
stimulation technique, Taboada et al observed that 20 mL of mepivacaine 1.5% (vs
30 mL of mepivacaine 1%) improved the success rate and shortened the onset time
of both sensory and motor block.® The authors speculated that, because of the size of
sciatic nerve and the thickness of epineurium it would require a large concentration

gradient to facilitate the diffusion of local anaesthetic molecules. In contrast,
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Cappelleri et al, using a double injection nerve stimulator technique for sciatic nerve
block, found no difference with respect to success rate, onset time and duration of
the block between 12 mL of mepivacaine 2% and 24 mL of mepivacaine 1%.'* They
hypothesized that compared to a single injection technique, the double injection
resulted in better distribution of local anaesthetic around each component of the
peripheral nerve and with this, the effect of local anaesthetic volume/concentration

ratio become secondary to the regional nerve localisation technique.

Similarly, few studies have evaluated the effect of altering the volume and
concentration of a fixed local anaesthetic dose for the brachial plexus block. Krenn et
al suggested that higher volume of ropivacaine resulted in faster onset of motor
block for a single injection axillary block, where loose connective tissue surrounds
the brachial plexus.!* In contrast, studies where the axillary block was performed
using the multiple injection nerve stimulator technique!? and infraclavicular block
using ultrasound,*® did not show any difference with respect to block success rate
and onset time. In our study, overall onset of surgical anaesthesia was faster using a
higher volume when compared to a lower volume (identical dose), and this was
mainly reflective of the onset of sensory but not motor component of the block. The
difference in the result could be explained by the technique used to locate the target
nerves. We performed the ultrasound guided axillary brachial plexus block having
identified all four terminal nerves with the precise endpoint consisting of
circumferential perineural spread of local anaesthetic, and not using a single or

multiple nerve stimulation, or ultrasound guided perivascular approach.*’

Interestingly, and perhaps counterintuitively, the injection of the lower volume

resulted in a longer block performance time. This is likely due to the requirement for
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a more precise needle tip positioning and subsequent adjustment in order to achieve
circumferential spread around each of the four terminal nerves while having a

limited injectate volume at disposal.

Our study is limited inter alia by the small sample size. Although we found
differences between groups in terms of both onset time and duration of block, these
results cannot be generalised to other local anaesthetics, techniques, and peripheral
injection sites due to variation in the anatomical architecture surrounding nerves.8-2
It has been demonstrated that, using a multiple injection technique for a humeral
canal block, higher volume and lower concentration of levobupivacaine improved
the sensory block quality and success rate.!® In contrast, ultrasound guided
interscalene block resulted in faster onset of block using lower volume and higher

concentration of ropivacaine.
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4.6 Conclusion

In conclusion, when compared to 20 mL of lidocaine 2% with epinephrine, 40 mL of
lidocaine 1% with epinephrine resulted in faster overall onset and shorter duration of
surgical anaesthesia following an ultrasound guided axillary brachial plexus block.
Further studies are required to determine whether these results can be extrapolated to

other local anaesthetics and anatomical injection sites.

72



4.7 Tables

Table 1: Patient characteristics

Continuous variables are presented as means (SD), categorical variables as counts

y = years, n=number

Group 2% Group 1% P

(n=10) (n=10) Value
Age, y 46.8 +18.2 48 +15.7 0.88
Sex, M/F, n 713 8/2 0.60
BMI, Kg/m? 25.3+3.2 245+ 3.6 0.62
ASA grade (I/11/111), n 7/3/0 4/6/0 0.18
Duration of surgery, min | 62 £ 10.8 58.5+14.9 0.56
Site of surgery 0/5/5 0/6/4 0.65

(forearm, wrist, hand), n
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Table 2. Sensory and motor block onset time

Data are presented in minutes, values are median (interquartile range, Q1-Q3)

Group 2% Group 1% P
(n=10) (n=10) value
Overall 8.75 [5-10] 5[5-7.5] 0.046
sensory onset
Overall 6.25 [5—7.5] 5[25-75] 0.41
motor onset
Overall onset of surgical | 8.75[7.5-10] 6.25[56-75] 0.03
anaesthesia
Radial nerve
Sensory 5[5-10] 5[2.5-7.5] 0.12
Motor 5[2.5-7.5] 3.75[2.5-5] 0.55
Ulnar nerve
Sensory 6.25 [6 - 7.5] 5[2.5-5] 0.12
Motor 5[2.5-7.5] 5[2.5-7.5] 0.87
Median nerve
Sensory 6.25 [5 - 10] 5[2.5-5] 0.03
Motor 5[2.5-7.5] 5[2.5-5] 0.93
Musculocutaneous nerve
Sensory 5[5-10] 3.75[2.5-5] 0.10
Motor 3.75[2.5-5] 5[2.5-5] 0.87
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Table 3. Sensory and motor block duration

Data are expressed in minutes, values are mean + SD

Group 2% Group 1% P
(n=10) (n=10) value
Overall sensory duration 1716 7.1 158.4 +21.7 0.08
Overall motor duration 165.1+5.9 150.9+£17.2 0.02
Overall duration 165.1+5.9 150.9+£17.2 0.02
of surgical anaesthesia
Radial nerve
Sensory 176.1 £ 3.7 167.40 £ 20.4 0.20
Motor 170.1£7.2 158.4 £ 18.6 0.08
Ulnar nerve
Sensory 174.6 £ 3.6 168.9 £+ 22.4 0.44
Motor 168.6 £ 8.0 158.4 £ 19.7 0.15
Median nerve
Sensory 173.1+£5.9 162.9 +£19.9 0.14
Motor 168.1+7.4 152.4 +15.4 0.01
Musculocutaneous nerve
Sensory 173.1+£7.8 161.4 £19.9 0.10
Motor 166.6 £ 7.3 152.4 +£20.4 0.05
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Table 4. Block performance data

Continuous variables are presented as mean + SD, categorical variables as count/or

percentage

Group 2% Group 1% P
(n=10) (n=10)
Imaging time, min (A) 2505 24+0.6 0.70
Needling time, min (B) 85+1.2 6.7+£0.9 0.002
Performance time, mins (A+B) 109+13 9.1+05 0.001
No. needle passes 10.5£2.3 7.2+10 0.001
Vascular puncture, n (%) 2 (20) 1 (10) 0.53
Paresthesia, n (%) 4 (40) 2 (20) 0.48
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4.8 Figures

Figure 1. Consort flow diagram
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Figure 2. Overall onset of block

The horizontal black line represents the median, the box represents the interquartile
range, and the vertical lines show the lowest and highest values.
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Chapter 5

Study 3

Effects of clonidine as adjuvant to lidocaine with epinephrine in ultrasound

guided axillary brachial plexus block: a randomised controlled trial
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5.1 Abstract

Background: Adjuvants have been widely used with local anaesthetics to improve
the characteristics of peripheral nerve blocks. We proposed to evaluate the effects of
adding clonidine to lidocaine with epinephrine in ultrasound guided axillary brachial

plexus blocks.

Material and methods: Twenty-four patients were randomised to receive an
ultrasound-guided axillary brachial plexus block with 20 mL of lidocaine 2% with
1:200,000 epinephrine plus 2 mL of either normal saline 0.9% (Group 1) or a
mixture of clonidine 1 pg/kg and normal saline 0.9% (Group 2). The primary
endpoint was overall onset time of sensory block. Secondary outcomes included

overall onset time of motor block and overall duration of sensory and motor block.

Results: The median [IQR] overall onset time of sensory and motor block was
significantly shorter in Group 2 when compared to Group 1 (5 [5 — 7.5] min vs 10
[8.8 — 12.5] min; P <0.001) and (5 [2.5 — 7.5] min vs 7.5 [6.3 — 7.5] min; P = 0.001),
respectively. The median [IQR] overall duration of sensory and motor block was
significantly longer in Group 2 compared to Group 1 (225 [200 — 231] min vs 168
[148 — 190] min; P < 0.001) and (225 [208 — 231] min vs 168 [148 — 186] min; P <

0.001), respectively.

Conclusion: In ultrasound-guided axillary brachial plexus block, the addition of
clonidine to lidocaine with epinephrine resulted in shorter onset time and prolonged

duration of sensory and motor block.
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5.2 Introduction

Adjuncts to local anaesthetics for peripheral nerve blocks have been widely used to
enhance quality and duration of both anaesthesia and postoperative analgesia.'™
Previous studies have yielded conflicting results when Clonidine, an o-adrenergic
agonist, was combined with local anaesthetics for the purpose of peripheral nerve
blockade. While several studies on brachial plexus block has demonstrated shorter
block onset time and longer duration of anaesthesia,>° other studies have found

contrasting results.*112

However, all aforementioned studies comparing block onset time and duration
following perineural injection of clonidine and local anaesthetic admixture, used
both conventional volumes and techniques for locating nerves. The question arises as
to the effect of clonidine as adjuvant to local anaesthetics in the context of ultrasound

guidance and relatively lower volumes as per current practice.

In this prospective study, we set out to evaluate the effects of adding both clonidine
and epinephrine to lidocaine 2% on the block onset time and duration of ultrasound
guided axillary brachial plexus block. We hypothesised that using a 20 ml mixture of
lidocaine 2% plus epinephrine 1:200,000 combined with clonidine 1 pg/kg will
shorten the onset time of sensory block when compared to lidocaine 2% plus
epinephrine 1:200,000 in ultrasound guided axillary brachial plexus block

(USgABPB) for upper limb trauma surgery.
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5.3 Methods

This prospective, randomised, single centre study was approved by The Clinical
Research Ethics Committee of Cork Teaching Hospitals [ECM 4(aa) 04/03/14,
Chairperson Professor Michael G Molloy], registered at https://clinicaltrials.gov
(NCT03207022), and carried out at Cork University Hospital. Written informed
consent was obtained from all eligible participants. Twenty-four patients aged 18 or
older, ASA grade I-III, undergoing unilateral upper limb surgeries of forearm and
hand, were recruited to the study. Exclusion criteria were contraindication to
regional anaesthesia, hypersensitivity to amide local anaesthetics or clonidine,
intolerance or contraindication to non-steroidal anti-inflammatory drugs, BMI > 35,
pregnancy, cardiac conduction abnormalities, history of hepatic or renal failure, and

neurological or neuromuscular disease.

On arrival to the anaesthesia induction room, an intravenous cannula was placed in
the forearm contralateral to the surgical site, and standard monitors were applied.
Using computer-generated sequence of random numbers and a sealed envelope
technique, patients were randomised to one of two groups to receive USgABPB
with 20 mL of lidocaine 2% plus 1:200,000 epinephrine combined with either 2 mL
of normal saline 0.9% (Group 1) or 2 mL of an admixture of clonidine 1 pg/kg and
normal saline 0.9% (Group 2). Patients were not made aware of group allocation. All
the blocks were performed by an experienced anaesthesiologist skilled in USgABPB.
The patients were positioned supine with the operative arm abducted and externally
rotated with the elbow flexed at 90°. Under aseptic precautions the axillary brachial
plexus block was performed under ultrasound guidance alone using a SonoSite Titan

unit (SonoSite®, Bothwell, WA) with a 38 mm linear array 5-10 MHz transducer
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(L38). All four terminal branches, the median, ulnar, radial, and musculocutaneous
nerves were identified in the axillary region. A 24-gauge, 50 mm, insulated short
bevel needle (Stimuplex® B. Braun, Melsungen, Germany) was advanced in-plane
until the needle tip was placed adjacent to the nerve before the local anaesthetic was
injected to produce a circumferential spread around each target nerve. The total
volume of the local anaesthetic solution corresponding to the study group was

equally distributed among the four nerves.

Sensory and motor blockade was evaluated after completion of the injection by an
independent observer not aware of group allocation. Assessment of sensory and
motor block onset in the innervation area of each nerve (median, ulnar, radial, and
musculocutaneous nerve) were carried out every 2.5 mins until surgical anaesthesia
was achieved or 30 mins have elapsed. Sensory function was scored as being present
or absent and motor function was graded using the modified Bromage Scale (Table
1). Surgical anaesthesia was defined as a motor score <2, with absent sensation to
cold (tested with ethyl chloride BP, Cryogesic®, Dr Georg Friedrich Henning,
Chemische Fabrik Walldorf GmbH, Walldorf, Germany). Each nerve distribution
area was individually assessed, and the sensory and motor onset time was measured
separately from conclusion of the block (removal of block needle, To) to attainment
of absent sensation to cold and a motor score <2, respectively. Overall sensory and
motor block onset time was taken from To to attainment of surgical anaesthesia in all
innervation territories. If surgical anaesthesia had not been achieved at 30 mins in
one or more of the four nerve distribution areas, a rescue block or general
anaesthesia was planned. Any patients with discomfort or pain during surgery
requiring supplementation of infiltration by surgeons or requiring opiate analgesia

were considered block failure and data from these patients was analysed separately.
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In case of patient anxiety or upon request, sedation with midazolam to a maximum
of 3 mg was provided. All patients received paracetamol 1 g and diclofenac sodium
75 mg iv intraoperatively. Heart rate, blood pressure, peripheral oxygen saturation,
and sedation score on a five-point scale (0 = wide awake, 1 = drowsy, 2 = dozing
intermittently , 3 = mostly asleep, and 4= only aroused by tactile stimulation) were
recorded every 5 min intraoperatively and every 30 min postoperatively until
resolution of the block. Hypotension and bradycardia, defined as a 20% fall in blood
pressure and heart rate respectively, in relation to pre block baseline value and any
episodes of Spo, equal or less than 90% associated with sedation requiring oxygen

supplementation by venturi mask were noted.

Postoperatively, duration of sensory and motor block of each nerve was evaluated
every 15 mins by an independent observer. The time interval was taken from the
completion of the block procedure to the return of sensation to cold and motor power
(score >3) respectively. Postoperative analgesia consisted of regular paracetamol 1 g
po 6 hourly, diclofenac 75 mg po 12 hourly and rescue analgesia was offered in the

form of oxycodone 10 mg orally 4-6 hourly as required.

The primary outcome was overall onset of sensory block, which was defined as the
time elapsed from conclusion of block (To) until attainment of sensory block in all
four nerve distribution areas. Similarly, overall onset of motor block was defined as
the time interval from Ty to attainment of motor power (score <2) in all four nerve
distribution areas. Secondary outcome measures included overall onset of motor
block, onset of sensory and motor block of individual nerves, overall duration of
sensory and motor block, time to first request of postoperative opioid analgesia and

incidence of adverse effects perioperatively.
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Sample size and statistical analysis

The sample size was calculated based on the onset of sensory block as the primary
outcome parameter. Kaabachi et al*® found a mean onset of sensory block of 9 (SD +
3) min following an axillary brachial block performed with 30 mL lidocaine 1.5%.
The minimum sample size required to have an 80% probability of detecting a 40%
decrease in onset time (level of significance 0.05) was 9 patients per group. We

recruited 12 patients per group to account for potential dropouts.

Statistical analysis was performed using SPSS version 24 (IBM, Armonk, New
York). The Shapiro-Wilk test was used for normality testing. Continuous, normally
distributed data are presented as mean (SD), and non-normally distributed data as
median (interquartile range [IQR]). Comparisons between the groups were analysed
using the unpaired Student’s t test for normally distributed data and nonparametric
data with Mann-Whitney U test. Categorical variables were compared between
groups using Pearson or Fischer exact test. All tests were 2-tailed, and P < 0.05 was

considered statistically significant.
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5.4 Results

Twenty-four patients (12 in each group) were recruited to the study from April 2014
to January 2015. All patients completed the study (Fig 1), and none of the patients
required rescue block, conversion to general anaesthesia, supplementation by
surgeons, or intraoperative opioid analgesia. The patient demographic characteristics
were similar between the groups (Table 1). The overall onset of sensory and motor
block was significantly shorter in Group 2 compared to Group 1 (Table 2). This was
also noted in the individual nerve block onset times with the exception of
musculocutaneous motor block. The overall duration of sensory and motor block
was significantly longer in Group 2 compared to Group 1 (Table 3). In addition,
overall duration of both sensory and motor block of individual nerves were also
longer in Group 2. Figure 2 and 3 depicts the primary outcome measure, overall

onset of sensory and motor block.

Haemodynamic parameters (Tables-4,5,6) (Figures-4,5,6), peripheral oxygen
saturation and sedation score showed no significant differences between the groups.
The highest sedation score of 1 was noted in seven patients, four in Group 1 and
three in Group 2 during the intraoperative period which corresponded to receiving
midazolam for anxiety. There were no systemic adverse events noted in either group.
Twelve patients, eight in Group 1 and four in Group 2, requested additional opiate
analgesia postoperatively. The median [IQR] time to first request of supplementary
analgesia was longer in Group 2 at 318 [303 — 469] min when compared to 209 [166

—268] min in Group 1 (P = 0.04).
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5.5 Discussion

This study demonstrated that adding clonidine to lidocaine with epinephrine for
ultrasound guided axillary brachial plexus block resulted in shorter overall onset
time and prolonged duration of both sensory and motor block. Our results are similar
to previous findings where by clonidine added to local anaesthetics in conventional
axillary brachial plexus block, shortened block onset time®>’ and prolonged duration
of anaesthesia and analgesia following conclusion of blocks.>® In contrast to earlier
studies, we performed all blocks solely under ultrasound guidance ensuring
uniformity in the deposition of local anaesthetic around all four terminal nerves, thus

minimising the differences associated with the technique.

The use of lidocaine, a local anaesthetic with moderate duration of action, allowed
detection of any effects attributable to clonidine in the postoperative period. The
dose of 1 pg/kg of clonidine was chosen based on previous reports.>® Doses of up to
150 pg have been used with minimal side effects.!*'® In a dose finding study,
Bernard et al demonstrated that the addition of clonidine to lidocaine 1% resulted in
more pronounced sensory blockade as well as in a dose dependent prolongation of
analgesia.® They concluded that 30 to 90 g clonidine improved the quality of nerve
block while limiting the side effects. Similarly, lohom et al® demonstrated that
addition of clonidine to mepivacaine in axillary brachial plexus block led to decrease
in sensory block onset time and increase in duration of anaesthesia and postoperative
analgesia. More recently Hrishi et al,*® found clonidine added to a mixture of
bupivacaine and lidocaine to shorten the onset time and prolong the duration of
ultrasound guided supraclavicular block. Of note the heterogeneity of nerve

stimulation (single or multiple) or dual ultrasound plus nerve stimulation-based
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block techniques used, which may have influenced spread of local anaesthetic within

the brachial plexus sheath and subsequent block characteristics.

Addition of clonidine to local anaesthetics for brachial plexus block has been found
to be efficacious when compared to systemic administration of similar dose in
prolonging the duration of block and postoperative analgesia, suggesting a local
mechanism of action of clonidine.!”*® The precise mechanism, however, in which
clonidine exerts its action remains speculative. Several theories have been postulated
including that clonidine with selective a2 adrenoreceptor agonist and weak a1 agonist
activity, causes vasoconstriction by postsynaptic adrenoreceptor activation,®-?! thus
prolonging block duration by reducing the vascular absorption of local anaesthetic
mixtures. Other studies did not support those results''??> and hypothesised that
clonidine may have direct effect on nerve fiber conduction, mainly in A alpha and C
fibres.232° Despite this observed effect, clonidine alone has been shown to be
incapable of producing analgesia when injected into the axillary brachial plexus

sheath.?®

In the present study, all patients received lidocaine with epinephrine, which alone
produces marked vasoconstriction. Whether this effect is further enhanced or
prolonged by addition of clonidine remains unknown. It is likely that prolongation
of local anaesthetic block occurs due to a combination of pharmacokinetic and

pharmacodynamic effects on local anaesthetic actions.?’

Our study is limited by the moderate sample size. As it was not designed to elucidate
the mechanism of action of clonidine, the study did not include a systemic clonidine

group. The study adds to the body of evidence supporting the use of clonidine as an
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adjuvant to local anaesthetics in improving the efficacy and characteristics of

peripheral nerve blocks.
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5.6 Conclusion
Admixture of clonidine 1ug/kg to lidocaine with epinephrine for ultrasound guided
axillary brachial plexus block resulted in faster onset and longer duration of both

sensory and motor block, and longer time to first request of postoperative analgesia.
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5.7 Tables

Table 1. Patient characteristics

Continuous variables are presented as means (SD), categorical variables as counts

y = years, n=number

Group 1 Group 2 P

(n=12) (n=12) Value
Age, y 41.4+£10.6 42.3+8.6 0.82
Sex, M/F, n 715 8/4 0.67
BMI, Kg/m? 258+ 1.8 25.7+£20 0.98
ASA grade (I/11/111), n 9/3/0 7/5/0 0.39
Duration of surgery, min 63.9 £15.9 61.8 £ 15.4 0.74
Site of surgery 0/10/2 1/6/5 0.19

(forearm, wrist, hand), n
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Table 2. Sensory and motor block onset time

Data are presented in minutes, values are median (interquartile range, Q1-Q3)

Group 1 Group 2 P
(n=12) (n=12) Value
Overall sensory block, min | 10 [8.8—-125] |5[5-7.5] <0.001
Overall motor block, min 7.5[6.3-7.5] 5[25-75] 0.001
Radial nerve block, min
Sensory 10[7.5-11.3] |5[3.8-7.5] 0.002
Motor 5[5-7.5] 3.8[2.5-5] 0.014
Ulnar nerve block, min
Sensory 7.5[7.5-10] 5[5-6.3] 0.005
Motor 5[5-7.5] 3.75[25-5] |0.007
Median nerve block, min
Sensory 75[5-11.25] |5[5-7.5] 0.001
Motor 5[5-7.5] 3.8[2.5-5] 0.005
Musculocutaneous nerve
block, min
Sensory 7.5[7.5-8.8] 5[5-6.8] 0.003
Motor 5[2.5-6.3] 2.5[2.5-5] 0.18
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Table 3. Sensory and motor block duration

Data are expressed in minutes, values are median (IQR)

Group 1 Group 2 P
(n=12) (n=12) Value
Overall sensory block, min 168 [148 - 190] 225 [200 - 231] <0.001
Overall motor block, min 168 [148 - 186] 225 [208 - 231] <0.001
Radial nerve block, min
Sensory 175 [148 - 192] 225 [200 - 231] 0.001
Motor 180 [151 - 187] | 225 [208 - 231] < 0.001
Ulnar nerve block, min
Sensory 182 [156 - 192] 227 [200 - 241] 0.002
Motor 178 [148 -190] | 226 [211 - 233] < 0.001
Median nerve block, min
Sensory 180 [156 - 190] | 230 [200 - 241] 0.001
Motor 176 [156 - 193] | 225 [215 - 238] < 0.001
Musculocutaneous nerve block, min
Sensory 180 [156 - 195] 233 [215 - 241] 0.001
Motor 168 [156 - 195] | 225 [215 - 231] < 0.001

Values are median [IQR]
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Table 4: Systolic blood pressure changes

Data expressed in mmHg; values are mean (SD)

Group 1 Group 2 P value
Baseline 129.3+7.5 131.7+7.6 0.45
5 min 125.6 £5.3 126.6 + 6.8 0.69
10 min 128.1+5.4 1289 +6.4 0.73
15 min 1273+ 7.7 1314+ 7.8 0.20
20 min 128.2+4.4 129.6 +4.8 0.46
25 min 130.2 £ 6.1 131.8 +5.9 0.52
30 min 128.8 +8.4 130.2+7.9 0.69
35 min 128.2 + 6.1 130.4+4.4 0.38
40 min 128.6 +4.5 131.2+8.9 0.38
45 min 128.6 £5.7 132.3+8.3 0.21
50 min 128.7+7.9 1255+ 5.7 0.27
55 min 128.6 +5.7 132.3+8.3 0.21
60 min 126.4 + 6.8 130.8 + 8.5 0.17
90 min 1259+ 8.0 1291+ 7.7 0.33
120 min 127.1+6.1 130.7 + 8.6 0.25
150 min 1245 +6.4 126.6 +6.9 0.45
180 min 1299+6.4 132.3+8.4 0.45
210 min 1274+ 8.4 128.8 + 8.6 0.70
240 min 128.6 +4.5 131.2+8.9 0.37
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Table 5: Diastolic blood pressure changes

Data expressed in mmHg, values are mean (SD)

Group 1 Group 2 P value
Baseline 71.2 +£6.6 71.4+6.2 0.92
5 min 70.6 £ 5.7 73.8x45 0.14
10 min 70.8+3.3 72.0x35 0.40
15 min 74.1+6.5 72824 0.51
20 min 71.8+6.1 69.3+8.0 0.39
25 min 70.8+6.2 71.6+3.0 0.71
30 min 71.2+6.5 71672 0.88
35 min 71.0+5.7 70.8 6.3 0.92
40 min 70.1+6.8 71.8+55 0.51
45 min 69.7 £ 6.2 70.3+6.2 0.82
50 min 70.8+4.38 69.3+5.9 0.50
55 min 71.2+6.6 71.4+6.2 0.92
60 min 69.3+6.9 70.2+5.3 0.74
90 min 71.0+5.7 70.8+6.3 0.92
120 min 71.8+59 72175 0.93
150 min 70.5+6.0 71.2+55 0.77
180 min 71.0+5.7 70.8+6.3 0.92
210 min 71.4+5.7 70.3+5.38 0.64
240 min 71.4+5.7 73.1+41 0.42
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Table 6: Heart rate changes

Values are mean (SD)

Group 1 Group 2 P value
Baseline 745+£22 73.6 +£3.8 0.47
5 min 73.6 £3.3 73.4+3.0 0.89
10 min 73929 72.8 £34 0.41
15 min 744 +£2.8 73.7 £ 3.1 0.54
20 min 72.8 £4.8 709 £4.6 0.34
25 min 739 + 3.1 722 £ 4.1 0.25
30 min 744 + 2.8 73.7 £ 3.1 0.54
35 min 73.6 £3.3 73.7 £2.6 0.94
40 min 73.1 £ 33 734 £ 3.2 0.80
45 min 742 £ 3.2 73.1 £ 49 0.53
50 min 73.3 £ 4.6 723 £4.6 0.57
55 min 734 + 3.4 725 4.7 0.58
60 min 73.6 £3.3 73.4 £3.0 0.89
90 min 745 + 2.2 73.6 £ 3.8 0.47
120 min 745 +£19 73.5 £3.9 0.44
150 min 75.1 £2.1 74.1 + 3.6 0.42
180 min 73.7 £ 2.2 73.6 £4.3 0.95
210 min 729 £2.7 73.8 £4.1 0.56
240 min 72.8 £2.7 73.3 £3.8 0.71
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5.8 Figures

Figure 1. Consort flow diagram
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Figure 2. Overall onset of sensory block

The horizontal black line represents the median, the box represents the interquartile
range, and the vertical lines show the lowest and highest values.
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Figure 3. Overall onset of motor block

The horizontal black line represents the median, the box represents the interquartile
range, and the vertical lines show the lowest and highest values.
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Figure 4. Systolic blood pressure changes (SBP)

The line graphs represent mean and standard deviation in group 1 and 2
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Figure 5. Diastolic blood pressure changes (DBP)

The line graphs represent mean and standard deviation in group 1 and 2
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Figure 6. Heart rate changes

The line graphs represent mean and standard deviation in group 1 and 2
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6.1 Summary of principal findings

Our studies evaluated the effect of local anaesthetic volumes, volume/concentration
ratio (dose) and addition of adjuvants on the characteristics of the ultrasound-guided

axillary brachial plexus block for upper limb trauma surgeries.

In the first study, Effect of lidocaine volume on the duration of axillary brachial
plexus block: a randomised controlled trial, we investigated the effect of two
volumes (10 vs 30 mL) of lidocaine with epinephrine 1:200 000 on ultrasound-
guided axillary brachial plexus block. We observed that using a lesser volume
(10ml) when compared to a greater volume (30ml) resulted in shorter overall
duration of sensory and motor block, a shorter time to first postoperative analgesia
request, and a longer sensory and motor block onset time. There were no block

failures, or any adverse events noted in either group.

In the second study, Effects of local anaesthetic dilution on the characteristics of
ultrasound guided axillary brachial plexus block: a randomised controlled
study, we examined whether two different volumes and concentrations of a fixed
dose of lidocaine with epinephrine by dilution influenced the characteristics of
ultrasound guided brachial plexus block. We found that compared to 20 mL of
lidocaine 2% with epinephrine, 40 mL of lidocaine 1% with epinephrine resulted in
faster overall onset and shorter duration of surgical anaesthesia with significantly

better block parameters.

In the third study, Effects of adding clonidine as an adjuvant to lidocaine with
epinephrine for ultrasound guided axillary brachial plexus block: a randomised

controlled trial, we evaluated the effects of adding clonidine 1 pg/kg to 20 mL of
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lidocaine 2% with epinephrine 1:200 000 on the onset and duration of sensory and
motor block following ultrasound guided axillary brachial plexus block. We
observed that admixture of clonidine 1ug/kg to lidocaine with epinephrine block
resulted in faster onset and longer duration of both sensory and motor block, and in
longer time to first request of postoperative analgesia. There were no systemic

adverse events noted with the administered dose of 1pg/kg clonidine.

In addition to this following original body of work a review article was published on

Ultrasound guided axillary brachial plexus block.
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6.2 Clinical implications and future directions

As more surgical procedures are performed on an outpatient basis, often challenged
by an ageing population with significant cardiorespiratory disease in high-volume
ambulatory centres, regional anaesthesia offers significant benefits in terms of early

postoperative pain control and superior recovery profiles.*

Ultrasound-guided axillary brachial plexus block is an effective, reliable, and most
commonly performed technique in providing surgical anaesthesia for patients
undergoing forearm and hand surgeries.>® Advances in ultrasound technique have
greatly improved the quality and consistency of peripheral nerve block (PNB)
achieved .* However, one of the limitation of regional anaesthesia is finite duration
of the single injection technique. This depends on the type, dose, volume, and

concentration of the injected local anaesthetic.

The manner in which these factors influence the clinical effectiveness of the PNB is
debatable.® There has been heterogeneity in the evidence evaluating the relationship
between the dose, volume and concentration of local anaesthetic affecting the
reliability, quality and duration of the blockade.®?® Analysis of these studies is
difficult by virtue of the influence of variables such as:- i. Patient characteristics.?* ii.
Site of administration-variations in their anatomy and neural architecture (non-neural
and neural tissue ratio).?>8 iii. Technique of nerve localisation (nerve stimulation vs

ultrasound guidance). iv. Operator dependence.

Variations in operator performance might be partly attributed to the fact that,
ultrasound guided PNB is more complex, needs motor and cognitive skills which are

quite different from alternate techniques. In our studies, the limited number of
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operators contributed , we believe, to the uniformity in the performance of the block.
Anaesthesiologists experienced in the ultrasound guided axillary brachial plexus
block performed the procedure with an endpoint of identifying all four terminal

nerves and obtaining circumferential perineural spread of local anaesthetic.

Our results added the following to the optimisation of the characteristics of the
ultrasound guided brachial plexus block. i. Higher volume (30mL compared to 10
mL) of lidocaine 2% with epinephrine for ultrasound-guided axillary brachial plexus
resulted in longer overall duration of sensory and motor block, a longer time to first
postoperative analgesia request, and a shorter sensory and motor block onset time. ii.
Dilution of a fixed dose of lidocaine with epinephrine administered as 40 mL of
lidocaine 1% (when compared to 20 mL of lidocaine 2%) with epinephrine resulted
in resulted in faster overall onset of block. This, however, was at the expense of a
shorter duration of surgical anaesthesia following an ultrasound guided axillary
brachial plexus block. iii. Admixture of clonidine 1upg/kg to lidocaine with
epinephrine for ultrasound guided axillary brachial plexus block resulted in faster
onset and longer duration of both sensory and motor block and, in an extended

duration of postoperative analgesia.

Previously, variations in the LA volume (dose) have been administered to improve
the efficacy of the PNB. However, the possibility of reducing the volume (and dose)
of local anaesthetic with advancement in the ultrasound technique is an obvious
advantage from a safety perspective (limiting spread to vital structures® or reducing
the extent of systemic complications associated with inadvertent intravascular
injection?®). Although our lower volume LA study yielded shorter duration of

sensory and motor block merely by 12% and 15%, respectively, this may be of little

112



clinical relevance if the block can cover the surgical duration and early postoperative
analgesia. On the contrary, the duration of lower volume group was similar when
compared with the duration of block from our other studies (20 ml of lidocaine 2%
with epinephrine 1:200,000). It seems that the relation between volume (dose) and
duration of the block is not linear and any increase beyond the threshold volume,

improvements in the block characteristics becomes less significant.

Effects of a fixed dose of LA diluted to different volume and concentration on the
characteristics of PNB should be interpreted with caution in the context of the site of
block and technique employed. We have shown that identical LA dose in a greater
volume/lower concentration resulted in faster onset time with subsequent shorter
duration of ultrasound guided axillary brachial plexus block. This may be
advantageous and desirable in clinical settings with high volume ambulatory surgical
centres requiring a rapid turnover of cases. Secondly, improved block performance
parameters when a higher volume is at the disposal of the operator may be reassuring
in terms of safety of the brachial plexus block technique resulting in fewer needle
passes.®® This could be invaluable if it were to be used in academic centres, teaching

ultrasound guided PNB to improve learner performance.

The expanding use of adjuvants to increase clinical duration of local anaesthetics has
provided practitioners with an alternate to the more complex perineural catheter
techniques if and when a greater duration of anaesthesia and post-operative analgesia
is desired. Clonidine in the dose range of up to 150 pg have been used with limited
side effects.®! Our study has shown that adding clonidine at a dose of 1pug/kg to LA
is not only safe, but also resulted in superior block onset characteristics with

extended duration of anaesthesia and postoperative analgesia.
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Our findings indicate an optimal approach may comprise low (dose) volume (10 ml
of Lidocaine 2% with epinephrine 1:200, 000) with adjuvant (clonidine 1ug/kg) to
enhance the characteristics of ultrasound guided axillary brachial plexus block for
patients undergoing upper extremity trauma surgeries. Our research findings also
indicates that, dilution of this admixture to a greater volume can be utilised to
improve the onset of the brachial plexus block and operator performance
characteristics. Importantly, the resolution of block in the postoperative period
should be anticipated and managed with timely administration of multi modal

analgesics in order to minimise or prevent rebound pain.3233

Reports describing the wuse of the adjuvants such as dexamethasone,
dexmedetomidine or a combination of these look promising for extending the
duration of analgesia.®* Further studies are needed to validate if these adjuvants will
have an impact when combined with lower volume of local anaesthetics for PNB. In
a paradigm shift, research in the field of regional anaesthesia should not only focus
on the efficacy of a given technique or pharmacological agent but rather on patient

centred outcomes.
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Abstract

The axillary brachial plexus block 1s the most widely performed upper limb block. It is relatively simple to perform and
one of the safest approaches to brachial plexus block. With the advent of ultrasound technology, there 1s a marked improve-
ment in the success rate of the axillary block. This review will focus on the technique of ultrasound guided axillary brachial

plexus block.

Keywords: axillary brachial plexus block, regional anaesthesia, ultrasound

Introduction

Peripheral nerve blocks have seen a big resurgence of
interest i the past decade especially with the advent of
vltrasound. Nerve blocks have evolved from being an art
that only a few physicians can master to more objective
and transferable skill largely due to the introduction of
ultrasound guidance. Peripheral nerve blocks today are a
major component of perioperative multimodal analgesia
[1.2]. In particular, for upper extremity surgeries, blocks
of brachial plexus (interscalene. supraclavicular. infra-
clavicular and axillary approaches) have been consistent-
ly shown to be associated with time=efficient anaesthesia,
faster recovery, fewer adverse events, better analgesia.
and greater patient acceptance [3-5].

The axillary brachial plexus block (ABPB) provides
surgical anaesthesia at and below the elbow. The tech-
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nique is relatively simple to perform because of superfi-
cial location and relatively lower risk of complications as
compared to interscalene (e.g.. phrenic nerve block, spi-
nal cord or vertebral artery puncture) or supraclavicular
(e.g.. pnevmothorax) approaches. Inadvertent intraneural
and intravascular injections are the only significant risks.
Various methods of ABPB have been described such as
paraesthesia-seeking. nerve-stimulating., perivascular,
trans-arterial. and ultrasound-guided techniques. This
review will focus on the ultrasound guided axillary bra-
chial plexus block.

Anatomy

The brachial plexus i1s derived from the ventral rami
of C3-8 and T1 nerve roots in most individuals. Occa-
sionally contribution from C4 and T2 nerve roots create
a ‘prefixed’ or “postfixed’ plexus [6]. The roots emerge
from the intervertebral foramina and continue between
scalenus anterior and medius muscles. Here roots unite
to form trunks (upper. middle and lower) and pass down-
ward over the posterior neck triangle and the first rib. At
the lateral border of the first rib, behind the clavicle, the
trunk divides mto divisions (anterior and posterior). These
divisions continue into the axilla and form the cords. The
anterior divisions of the upper and middle trunks unite to
form the lateral cord, while the anterior division of the

121



Med Ultrason 2014; 16(3): 246-251 247

lower trunk continues as the medial cord. All three pos-
terior divisions umite to form the postenior cord. These
cords are named according to their position around the
axillary artery. Each cord ends near the lower border of
the pectoralis minor muscle by dividing into two terminal
branches. The lateral cord gives off the lateral branch of
median nerve and terminates as musculocutaneous nerve.
The medial cord gives off the medial branch of median
nerve and terminates as ulnar nerve and the posterior
cord gives off the axillary nerve and terminates as radial
nerve. All these terminal nerves along with the medial
cutaneous nerve of arm. forearm and intercostobrachial
nerve provide the sensory and motor supply of the upper
extremity. The cords, the terminal branches and the ves-
sels lie within an incomplete fascial sheath derived from
the prevertebral fascial layer [7].

At the level of axilla, the median. ulnar and radial
nerves lie within the neurovascular bundle. The muscu-
locutaneous nerve lies outside the sheath in the plane be-
tween the biceps and coracobrachialis muscle, as it leaves
the lateral cord before the cords enter the axilla. Within
the fascia, in relation to the axillary artery, the nerves are
arranged as follows: (1) median-lateral and anterior, (2)
ulnar-medial and anterior, and (3) radial-medial and pos-
terior. The musculocutaneous nerve appears lateral and
posterior to the artery.

Principles of brachial plexus block

The brachial plexus can be blocked at 1ts various ana-
tomical divisions from nerve roots to its individual ter-
minal branches. The choice of approach depends upon
the sensory and motor mnervations of the surgical site.
The mterscalane approach blocks the plexus at the level
of roots, thus it 15 used for shoulder and proximal humer-
us procedures. The supraclavicular approach blocks the
plexus at the level of trunks and divisions providing the
most widespread surgical anaesthesia for the whole arm.
The mnfraclavicular approach blocks the cords, whereas
the axillary approach blocks the terminal branches thus
providing surgical anaesthesia for the elbow, forearm and
hand. In addition. the axillary block also provides cutane-
ous anaesthesia for the iner upper arm which 1s suitable
for procedures requiring tourniquet. Overall, the axillary
approach 1s considered the safest approach because of the
lowest risk of serious complications.

Ultrasound guided axillary brachial plexus block

Abramowitz and Cohen described in 1981 the use
of Doppler ultrasound to identify the axllary artery, an
essential landmark during a difficult perform ABPB [8].

It was. however, the use of B-mode ultrasound in 1989
for axillary block performance that paved the way for nl-
trasound-guided peripheral nerve blocks [9]. Ultrasound
guidance 1s ideally suited for ABPB for a vanety of rea-
sons. The nerves are superficial and therefore easier to
identify. The shallow depth of the nerve means that the
needle for in-plane approach will be almost perpendicu-
lar to the direction of the ultrasound beam, thereby great-
ly improving needle visibility, which in tum will allow
for accurate needle positioning with minmimal needle re-
directions. The vast anatomical variations in position of
vascular and neural structures relevant to axillary block
[10] will make ultrasound even more suited when com-
pared to conventional landmark guided approach. As one
would expect, ultrasound guidance has shown to reduce
block performance time, improve block success rate [11-
13]. shorten onset time [14,15], reduce vascular puncture
[16.17] and achieve a reduction in the volume of local
anaesthetic required [18].

Ultrasound anatomy

The patient 15 made comfortable in supine position
with the arm abducted and the elbow flexed to 90 de-
grees. After skin and probe preparation, a linear 38-mm,
high frequency 10-12 MHz transducer 1s placed in the
transverse plane at the lateral border of pectoralis ma-
jor muscle to obtain the best view of the brachial plexus.
Image quality 1s optimised with selection of appropri-
ate depth (within 1-2 em). focus range (within lem) and
gain. The structures of interest are very superficial with
the pulsating axillary artery localised within 1 em (fig 1).
Easing the pressure on the transducer often reveals one
or more axillary vemns which 1s often located medially to
the artery (fig 2, fig 3). Surrounding the axillary artery,
one will find the three out of four terminal branches of
the brachial plexus: the median (superficial and lateral
to the artery), the ulnar (superficial and medial to the ar-
tery) and the radial (posterior and lateral or medial to the
artery) nerves. They often have honey comb appearance
with heterogeneous echogenecity. The fourth terminal
branch. the musculocutaneous nerve i1s often seen as a
hyperechoic flattened oval shape nerve in the plane be-
tween the biceps and coracobrachialis muscles. There
15 a considerable variation in the position of the nerves
among mdividuals. The median nerve 1s most commonly
seen at 11=12 o’clock position, the ulnar nerve at 2=3
o’clock, the radial nerve at 4=6 o’clock and the muscu-
locutaneous commonly seen at 8=9 at o’clock in relation
to the artery [19].

Moving the transducer proximally towards the axilla
and distally towards the elbow allows appreciation of the
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Fig 1. Ultrasound scout scan of axilla showing
AA: axillary artery, UN: ulnar nerve, RN: ra-
dial nerve. MCN: musculocutaneous nerve and
CBM: coracobrachialis muscle

Fig 2. Ultrasound scout scan of axilla show-
ing AV: axillary vein(s). UN: ulnar nerve, MN:
median nerve, RN: radial nerve, AA: axillary

- sem |

Fig 3. Axillary veins compressed by ultrasound
probe

— 3cm

Fig 4. Arrow heads showing sonographic ap-
pearance of the conjoint tendon of the latissi-
mus dorsi and teres major muscles

Fig 5. Ultrasound guided axillary brachaial
plexus block. In-plane approach of the needle
with respect to probe. Also note the position of
the patient’s upper limb.

Fig 6. Needle trajectory and local anaesthetic
spread around the ulnar nerve (shaded area)
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course of each nerve. Of all the nerve. the radial nerve
is often difficult to visualise and block. It is important to
exclude the post cystic enhancement artefact beneath the
artery. Identification of the confluence of the tendons of
the latissimus dorsi and teres major with ultrasound may
improve the chance of visualising the radial nerve (fig
4). It lies directly anterior to the humeral insertions of
the tendons. with anatomic variation of this relation quite
uncommon [20].

Needle insertion

In plane approach

A short-bevelled 5 cm 22G insulated needle is in-
serted parallel to the long axis of the transducer from the
lateral side (fig 5). As the needle is in the same plane as
an ultrasound beam, the path of the advancement can be
visualised in real time as the needle approaches the tar-
get nerves (fig 6, fig 7). Ideally, the radial nerve should
be targeted first, as it lies posterior to artery, in order to
prevent displacing the structures of interest to deeper and
obscuring the median and ulnar nerves. The musculocu-
taneous nerve should be blocked separately outside the
neurovascular bundle.

QOut of plane approach

The needle insertion 1s at the short axis of the probe
(fig 8). Constant injection of small quantity of injectate is
necessary in order to identify the position of the tip of the
needle. In terms of safety. in-plane approach offers better
visualisation of the needle.

Importantly, a routine of identifying the axillary veins
using colour Doppler (fig 9) as they can be easily com-
pressed with the transducer, and visualising the injectate
is paramount. Frequent aspiration. slow administration
of 1-2 mLs of local anaesthetic and visualisation of the
spread of injectate around the nerve is critical to reduce
the risks of intravascular or intraneural mjection and to
increase success rate.

Choice and volume of local anaesthetic solution

This 1s determined by the desired duration of senso-
ry analgesia. Lidocaine 1.5-2% or mepivacaine 1-1.5%
with epinephrine 1:200000 provides effective blockade
for 2.5-3 hours. A longer duration may be achieved with
use of ropivacaine 0.5% or levobupivacaimne 0.5% [21].
Traditionally. greater volumes of local anaesthetic have
been administered to achieve successful axillary brachial
plexus block [22.23]. but recent studies have demonstrat-
ed that this can be achieved with even very low volumes
of 2-4 mL lidocaine 1.5% per nerve [18] or ultra low
volume of 1 mL lidocaine 2% per nerve [24]. However,

Fig 7. Needle trajectory and local anaesthetic
spread around the median nerve (shaded area)

Fig 8. Ultrasound guided axillary brachial plex-
us block. Out-of-plane approach of the needle
with respect to probe.

Fig 9. Doppler identification of vessels during
ultrasound guided brachial plexus block.
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these volumes were believed to be operator dependent. It
1s recommended to use at least 4-5 mL of local anaesthet-
1ic solution for each nerve to achieve successful axillary
brachial plexus block.

Perivascular vs perineural

Ultrasound guidance in the performance of axillary
block can be applied to
1. penneural injection as described earlier, where
the operator identifies and blocks the individual
nerves, or
. perivascular techmique, where the operator blocks
the musculocutaneous nerve separately and depos-
its local anaesthetic solution around the axallary
artery. which 1s in turn believed to achieve block-
ade of medial. ulnar and radial nerves [25,26].
Both these technigues have been compared by Ber-
nucci et al [27] and found to have similar success rates.
However, the latter runs the nisk of impaling nerves mn
inexperienced hands.

=4

i

Conclusions

Axillary brachial plexus block 1s effective and widely
used technique for providing surgical anesthesia at and
below the elbow. It 15 relatively simple and safe among
the four approaches to brachial plexus. With the advent of
ultrasound technology, there 1s a marked improvement in
the success rate, shorter onset time and reduction in the
volume required for successful block. Paramount impor-
tance should be given to continuous visualisation of the
needle advancement, tip position and spread of injectate in
order to minimise intravascular and mtraneural injection.
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Editor,

Ultrasound guidance has diminished the volume of peri-
neural injectate required to achieve successful surgical
anaesthesia.! ™ The effect of dose reduction on block
duration remains unclear. We hypothesised that a lower
volume of lidocaine 2% with epinephrine results in a
shorter block duration following ultrasound guided axil-
lary brachial plexus block (USgABPB). To test this, we
carried out a prospective, randomised controlled clinical
trial comparing block duration following performance of
an USgABPB with 10 and 30ml of lidocaine 2% with
epinephrine 1:200000, respectively.

Approved by the Clinical Research Ethics Committee
of Cork Teaching Hospitals [ECM 4(j) 02/10/12; 20
September 2012, Chairperson Dr Michael Hyland], reg-
istered at hups://clinicalrials.gov (NCT03163472), the
study was conducted at Cork University Hospital
between November 2012 and August 2013. Having
obtained written informed consent from each, ASA I-
111 patients at least 18 vears of age, undergoing operative
fixation of fractures distal to the elbow, were recruited
(Fig. 1). Exclusion criteria were contraindication to
regional anaesthesia or to NSAIDs, BMI more than 35,
pregnancy, history of hepatic or renal failure, chronic
pain, peripheral neuropathy and psychiatric disorder.

Patents were randomised (1 : 1 ratio, computer generated
sequence) to receive an USgABPB with either 10 or 30 ml
lidocaine 2% with epinephrine, equally distributed
around the median, ulnar, radial and musculocutaneous
nerve. Patients and assessors were not made aware of
group allocation. Each nerve’s sensory and motor deficit
was assessed every 5 min following removal of the block
needle until surgical anaesthesia was achieved or 30 min
had elapsed, and every 15 min postoperatively. Sensory
function/cold sensation was scored as being present or

Eur J Anaesthesiol 2021; 38:1-5

absent. Motor function was graded using the modified
Bromage Scale (0=mno movement, 1= flicker of move-
ment, 2 =ability to move against gravity but not against
resistance, 3 =reduced power but ability to move against
resistance, 4= full power in the relevant muscle).

Surgical anaesthesia was defined as a motor score of 2 or
less, with absent sensation to cold. Sensory and motor
onset times were taken from the removal of block needle
(T) to attainment of surgical anaesthesia, separately for
each nerve distribution area, and overall for the brachial
plexus. The brachial plexus block was considered a failure
and the data were excluded from analysis if surgical
anaesthesia had not been achieved at 30min in one or

more of the four nerve distribution areas. In this
rescue block or conversion to general anaesthesia was
planned. Sedation with midazolam up to 3mg and/or
supplemental analgesia with up to 100 pg fentanyl was
at the discretion of the attending anaesthesiologist. Minor
analgesics (paracetamol 1g and diclofenac 75 mg) com-
menced intra-operatively were prescribed for regular post-
operative administration. Rescue analgesia was oxycodone
10mg orally, as required every 4 to 6 h. Block offset in each
individual nerve distribution area was defined as return of
sensation to cold and motor power (score = 3).

The primary outcome was overall duration of sensory block,
defined as the dme elapsed from Ty undl the return of
sensation in any one of the four nerve distribution areas.
Similarly, overall duration of motor block was defined as the
time interval from T to return of motor power (score >3)in
any one nerve distribution area. Secondary outcomes
included overall duration of motor block, duration of sen-
sory and motor block of individual nerves, overall and
individual block onset times, time to first request of post-
operative rescue analgesia and incidence of adverse effects.

On the basis of a historical mean +SD of 126+ 48 min®
with 30 ml lidocaine, a clinically meaningful reduction of
60 min, o risk of 0.05, B risk of 0.01 and a loss to follow-up
rate of 10%, 15 patients were required in each group. The
Shapiro-Wilk test was used for normality testing. Compar-
isons between groups were made using the unpaired
Student’s #test for normally distributed data and the
Mann-Whitney {/-test for nonparametric data. Categorical
variables were compared between groups using Pearson’s
or Fischer's exact test. All tests were two-tailed, and P
value less than 0.05 was considered statistically significant.

Patient characteristics are summarised in Table 1. Over-
all sensory and motor block onset times were shorter in
Group 30 than in Group 10 (Table 2). This was reflected

02650215 Copyright © 2021 Eurcpean Society of Anaesthesiology and Intensive Care. Unauthorised reproduction of this article is prohibited.
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Fig. 1 CONSORT patient flow diagram
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+ Excluded from analysis (n =0)

in the individual nerve onset times with the exception of
radial sensory and musculocutaneous motor block. Over-
all duration of sensory and motor block was 12 and 15%
shorter, respectively, in Group 10 (Table 3). In addition,

Table 1 Baseline demographics and clinical characteristics
Group 10 (;
Age (years) 49+156.1
Sex, M/F, n (proportion) 8/7 (53%/47%)
BMI (kgm™®) 26.7 + 3.1

ASA grade (I/IVIl), n (proportion)
Duration of surgery (min)

Site of surgery (forearm, wrist, hand), n 0/13/2

TI711 (47%, 47%, 6%)
55.13+£19.2

the duration of both sensory and motor block of individ-
ual nerves were shorter in Group 10. No rescue block,
conversion to general anaesthesia or intra-operative opi-
oid analgesia was required. In Group 10 and 30, three and

Group 30 (n P
50+ 221 091
9/6 (B0%/40%) 0.71
271+28 0.21
7/8/0 (47%, 53%) 0.59
55.33+9.3 0.97
1/11/3

Continuous variables are presented as mean +SD, categorical variables as counts. n, number; 8D, standard deviation; y, years.

Eur J Anaesthesiol 2021; 38:1-5
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Table 2 Sensory and motor block onset time

Group 10 (n=15)

15 [10 to 15]
10 [10 to 15]

Overall sensory onset
Overall motor onset

Radial
Sensory onset 15 [10 to 15]
Motor onset 10 [5to 15]
Ulnar
Sensory onset 10 [5te 15]
Motor onset 10 [10 to 15]
Median
Sensory onset 10 [5te 15]
Motor onset 10 [5 to 15]
Musculocutaneous
Sensory onset 10 [5te 10]
Motor anset 10 [5 to 10]

Group 30 (n =15) P
105 to 18] 0.045
5[5 to 10] 0.013
5[5 to 15] 0.053

5[5 to 5] 0.016
5[5 to 5] 0.012
5[5 to 10] 0.005
5[5 to10] 0.019
5[5 o 5] 0.001
5[5 to 5] 0.006
5[5 to 5] 0.087

Data are presented in min, values are median [IQR]. IOR, interquartile range, the middle 50% of data spread.

Table 3 Sensory and motor block duration

Group 10 (n =15)

165 [142 to 172]
185 [147 to 180]

Overall sensory duration
Owerall motor duration
Radial nerve
Sensory duration
Motor duration
Ulnar nerve
Sensory duration
Motor duration
Median nerve
Sensory duration
Motor duration
Musculocutaneous nerve
Sensory duration
Motor duration

165 [147 to 185]
172 [147 to 185

165 [151 to 185
166 [152 to 185

169 [143 to 180]
169 [147 to 187]

165 [147 to 185]
166 [157 to 185]

Group 30 (n=15) P Difference,® %
188 [173 to 205 <0.001 12
195 [175 to 220] 0.001 15
195 [173 to 218] 0.001 15
204 [185 to 225] 0.001 16
195 [179 to 220] 0.002 15
205 [188 to 235] <0.001 19
190 [179 to 220] =<0.001 11
195 [182 to 235] 0.005 13
195 [185 to 230] 0.002 15
210 [182 to 235] 0.001 20

Data are expressed inminutes, values are median [IQR]. IQR, interquartile range, the middle 50% of data spread. *Difference = difference between the median of Group

30 and Group 10 as a percentage of the median value of Group 30.

four patients received intra-operative sedation for anxi-
ety, and 12 and 8 requested postoperative opiate analge-
sia, respectively, The median [IQR] time to first request
of supplementary analgesia was longer in Group 30 at 267
[224 to 313] min when compared with 188 [168 to 224]
min in Group 10 (P=0.011). No adverse events
were noted.

The most important finding of this study is that a lower
volume of lidocaine resulted in shorter overall duration of
sensory and motor block and a shorter time to first request of
postoperative analgesia. The clinical implication lies with
the expected time of dissipation of sensory block, important
for both patent expectations management and timing of
systemic analgesia aimed at controlling rebound pain.

Few studies evaluated specifically the effect of volume
on block duration. Correlation was found between a lower
volume of mepivacaine 1.5% and shorter duration of
sensory median and ulnar nerve block with no effect
on block onset time.” Sensory and motor block duration
was 17 and 19% shorter, respectively, when using 15 vs.
40 ml mepivacaine 1.5% in USgABPB.7 Our study, the

first to investgate block duration following lidocaine 2%,
showed similar outcomes.

Residual block assessments at 15 min intervals may have
missed the precise time of resolution thus overestimating
block duration. Had we assessed postoperative pain
scores, we could have characterised rebound pain. This
area deserves further investigation.

In conclusion, using 10 vs. 30ml hdocaine 2% with
epinephrine for USgABPB resulted in shorter overall
duration of sensory block following a longer onset time.
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Effects of local anaesthetic dilution on the characteristics of
ultrasound guided axillary brachial plexus block:
a randomised controlled study

Anil Ranganath, Osman Ahmed, Gabriella Iohom

Department of Anaesthesia and Intensive Care Medicine, Cork University Hospital. Cork. Ireland

Abstract

Aims: Ultrasound guidance has led to marked improvement in the success rate and characteristics of peripheral nerve
blocks. However, effects of varying the volume or concentration of a fixed local anaesthetic dose on nerve block remains un-
clear. The purpose of our study was to evaluate whether at a fixed dose of lidocaine, altering the volume and concentration will
have any effect on the onset time of ultrasound-guided axllary brachial plexus block. Material and methods: Twenty patients
were randomised to receive an ultrasound-guided axillary brachial plexus block with either lidocaine 2% with epinephrine (20
ml, Group 2%) or lidocaine 1% with epinephrine (40 ml, Group 1%). The primary endpoint was block onset time. Secondary
outcomes mcluded duration of the block, performance time, number of needle passes. incidence of paraesthesia and vascular
puncture. Results: The median [IQR] onset time of surgical anaesthesia was shorter in Group 1% when compared to Group
2% (6.25 [5-7.5] min vs 8.75 [7.5-10] min: p=0.03). The mean (SD) overall duration of surgical anaesthesia was significantly
shorter in Group 1% compared to Group 2% (150.9£17.2 min vs 165.1+5.9 min; p=0.02). Group 1% had a shorter performance
time with fewer needle passes. The incidence of vascular puncture and paraesthesia was similar i the two groups. Conclu-
sion: Ultrasound-gmded axillary brachial plexus blocks performed using a higher volume of lower concentration lidocaine

was associated with shorter onset time and duration of surgical anaesthesia.
Keywaords: brachial plexus block; axillary: ultrasound; local anaesthetic: lidocaine

Introduction

Ultrasound-guided axillary brachial plexus block
(USgABPB) is an effective and reliable technique for the
provision of surgical anaesthesia for forearm and hand
surgeries [1-4]. Previously. numerous studies have com-
pared efficacy of brachial plexus block using different lo-
cal anaesthetic solutions of varying concentrations and
volumes [5-7]. However. only few studies have shown
that, at constant dose, altering the volume or concen-
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tration can affect the characteristics of the nerve block.
Historically. it has been reported that higher concentra-
tion/lower volume yielded a shorter onset time when
compared to higher volume/lower concentration solu-
tion using a single injection nerve stimulation technique
for sciatic nerve block [8.9]. In contrast, in perivascular
axillary blocks with a fixed dose of local anaesthetic,
larger volumes provided a better quality sensory [10] and
quicker onset motor block [11] when compared to lower
volumes. The results from these studies were inconsist-
ent with respect to onset time, suceess rate and duration
of the block. In addition. it is unknown whether they can
be replicated with ultrasound guidance. We have chosen
to focus on the USgABPB with lidocaine plus epineph-
rine which is offered preferentially to ambulatory upper
limb trauma patients at our institution [12].

In this prospective, randomised, double-blind study,
we examined whether two different volumes and con-
centrations of a fixed dose of lidocaine with epinephrine

Effects of local anaesthetic dilution on the characteristics of ultrasound guided
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influenced the characteristics of USgABPB. We hypothe-
sised that 40 mL of lidocaine 1% with epinephrine would
result in a shorter onset time when compared to 20 mL of
lidocaine 2% with epinephrine.

Material and methods

This single centre study was approved by the Clini-
cal Research Ethies Committee of Cork Teaching Hospi-
tals, Cork. Ireland [ECM 4(mm) 01/07/14: 01 July 2014,
Chairperson Professor Michael G Molloy]. registered at
https://clinicaltrials.gov (NCT03207035). and carried
out at Cork University Hospital. Having obtained written
informed consent from each, patients aged 18 years or
older, ASA grade I-IIT scheduled to undergo minor uni-
lateral upper limb trauma surgery of the hand or fore-
arm, were enrolled in the study. Exclusion criteria were

contraindication to regional anaesthesia, hypersensitivity
to amide local anaesthetics, intolerance. or contraindica-
tion to non-steroidal anti-inflammatory drugs, BMI =35,
pregnancy. cardiac conduction abnormalities, history of
hepatic and renal impairment, chronic pain. neuromuscu-
lar disease. and psychiatric disorder.

Patients were randomised using computer-generat-
ed sequence of random numbers and sealed envelope
technique. prepared by an investigator with no clinical
involvement in the trial. They were subsequently allo-
cated to receive USgABPB with either 20 mL lidocaine
2% with 1:200.000 epinephrine (Group 2%) or 40 mL
lidocaine 1% with 1:400.000 epinephrine (Group 1%)
(diluted up to the study volume with 0.9% saline). Intra-
venous access was established in the contralateral upper
limb and standard monitoring was employed through-
out the procedure. The operative arm was abducted and
externally rotated with the elbow flexed at 90°. Under
aseptic precautions the axillary brachial plexus block
was performed under ultrasound guidance alone using
a SonoSite Titan unit (SonoSite®, Bothwell. WA) with
a 38 mm linear array 5-10 MHz transducer (L38). Fol-
lowing the identification of the median, ulnar, radial. and

Table I. Motor and Sensory Testing

musculocutaneous nerves in the axillary region, a 50
mm 24-gauge insulated short bevel needle (Stimuplex®
B. Braun, Melsungen. Germany) was advanced in-plane
towards each nerve with the aim of surrounding it with
either 5 mL (Group 2%) or 10 mL (Group 1%) of local
anaesthetic solution. Dynamic manipulation of the nee-
dle was sought to facilitate the circumferential perineural
spread of local anaesthetic. All blocks were performed by
an operator experienced in USgABPB.

Block assessment

Upon completion of the block, a blinded observer
not aware of the injectate volume, assessed the onset
of sensory and motor block in the mnervation area of
cach nerve (median, ulnar. radial. and musculocutane-
ous nerve) every 2.5 mins. until surgical anaesthesia was
achieved or 30 mins have elapsed. Sensory function was
scored as being present or absent and motor function was
graded using the modified Bromage scale (Table I) [4].
Surgical anaesthesia was defined as a motor score <2,
with absent sensation to cold (tested with ethyl chloride
BP. Criogesic®, Dr Georg Friedrich Henning, Chemis-
che Fabrik Walldorf GmbH. Walldorf, Germany). Each
nerve distribution area was individually assessed, and
the sensory and motor onset time was measured sepa-
rately from conclusion of the block (removal of block
needle, Ty) to attainment of absent sensation to cold and
a motor score <2. respectively. Overall sensory and mo-
tor block onset time was taken from T to attainment of
surgical anaesthesia in all innervation territories. The
block was considered a failure if surgical anaesthesia had
not been achieved at 30 mins in one or more of the four
nerve distribution areas. In case of block failure. an ad-
ditional rescue block or conversion to general anaesthe-
sia was planned together with separate analysis of data
from those patients. All patients received paracetamol
1 g and diclofenac sodium 75 mg iv intraoperatively. In
case of patient discomfort or upon request, sedation with
midazolam to a maximum of 3 mg and/or supplemental
analgesia with up to 100 ug fentanyl was provided at the
discretion of the attending anaesthesiologist.

Mator test

Sensor fest

Median nerve Flexion of radial 3 fingers Thenar eminence

Radial nerve Extension of wrist Dorsum of hand

Ulnar nerve Abduction of fingers Hypothenar eminence
Musculocutaneous nerve Elbow flexion Over base first metacarpal

Modified Bromage scale [4].
Full strength in relevant muscle.

Flicker of movement in relevant muscle group
No movement in relevant muscle group

S

Reduced strength but ability to move muscle against resistance
Ability to move relevant muscle group against gravity but not against resistance
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Postoperative analgesia was preseribed around the
clock in the form of paracetamol 1 g po 6 hourly and
diclofenac 75 mg po 12 hourly. Oxyeodone 10 mg orally
4-6 hourly was administered as rescue analgesia. Post-
operatively, sensory and motor function of each nerve
was assessed every 15 mins. Sensory and motor dura-
tion was measured separately for each nerve from Tjto
return of sensation to cold and motor power to >3, re-
spectively. Overall sensory and motor block offset was
defined as return of sensation to cold and motor power
(score >3) respectively. in any one nerve distribution
area.

The primary outcome was overall surgical anaesthe-
sia onset time, which was defined as the time elapsed
from conclusion of block (T,) until attainment of sur-
gical anaesthesia in all nerves distribution areas. Sec-
ondary outcome measures included overall duration of
sensory and motor block, as well as sensory and motor
onset times and durations of individual blocks. Over-
all duration of surgical anaesthesia was defined as time
elapsed from T, to retumn of sensation and motor pawer
(score >3) respectively in any one nerve distribution
area.

Block performance parameters were recorded such as
imaging time (defined as time elapsed from placement of
US probe on the patient to acquisition of a satisfactory
image of the axillary artery and surrounding nerves) and
needling time (defined as the time interval between in-
sertion and removal of block needle). Thus. performance
time was defined as the sum of imaging and needling
times. The number of needle passes were recorded. The
initial needle pass was considered as the first pass and
any subsequent needle advancement preceded by retrac-
tion of 1 em counted as an additional pass. Incidences of
vascular puncture and paraesthesia were also noted.

Sample size and statistical analysis

In the absence of data from previous studies using
20 ml of lidocaine 2% with epinephrine for ultrasound
guided axillary brachial plexus block, sample size was
calculated based on our pilot study of 10 patients. We
found a mean = SD onset time of 11.25+2.3 min. The

Table II. Patient characteristics

minimum sample size required to have an 80% prob-
ability of detecting a 30% decrease in onset time (level
of significance 0.05) was 7 patients per group. We re-
cruited 10 patients per group to account for potential
dropouts.

Statistical analysis was performed using SPSS ver-
sion 24 (IBM, Armonk. New York). The Shapiro-Wilk
test was used for normality testing. Continuous, normally
distributed data are presented as mean (SD), and non-
normally distributed data as median (interquartile range
[IQR]). Comparison between groups were analysed us-
ing the unpaired Student’s t test for normally distribut-
ed data and the Mann-Whitney U test for nonparamet-
ric data. Categorical variables were compared between
groups using Pearson’s or Fischer’s exact test. All tests
were two-tailed. and P < 0.05 was considered statistically
significant.

Results

Twenty patients (10 in each group) were recruited to
the study from September 2014 to August 2015. All pa-
tients completed the study (fig 1) and none of the patients
required rescue block. conversion to general anaesthesia
or intraoperative opioid analgesia. There were no adverse
events noted in either group. The patient demographic
characteristies were similar between the groups (Ta-
ble II). Table III details onset times. The median [IQR]
overall onset time of surgical anaesthesia was shorter
in Group 1% compared to Group 2%. The overall onset
time of sensory but not motor block was also shorter in
Group 1%. Onset times of individual nerves were similar
in the two groups, with the exception of median sensory
onset time which was shorter in Group 1%. Table IV de-
picts block durations. The mean (SD) overall duration of
surgical anaesthesia was shorter in Group 1% compared
to Group 2%, reflective of overall motor block duration.
Individual sensory and motor block durations were simi-
lar, with median motor block duration shorter in Group
1%. Figure 2 shows the primary outcome measure. over-
all onset of surgical anaesthesia.

Group 2% (n=10) Group 1% (n=10) p value
Apge v 46.8+182 48+15.7 088
Sex. MF.n 7/3 812 0.60
BML Kg/m? 253£32 245536 0.62
ASA grade (VIIII). n 7/3/0 4/6/0 0.18
Duration of surgery. min 62+10.8 58.5x149 0.56
Site of surgery (wrist’hand), n 5/5 6/4

Continuous variables are presented as means + SD, categorical vaniables as counts
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Group 1% had a shorter needling time. performance
time and fewer needle passes when compared to Group
2%. No difference was found between the groups with
respect to imaging time, incidence of vascular puncture

or paraesthesia (Table V).

Table ITI. Sensory and Motor Block Onset Times

Discussion

In this single centre randomised controlled trial. we
observed that when using 400 mg of lidocaine with epi-
nephrine, increasing the volume of injectate by dilution

20 ml Lidocaine 2% (n=10) 40 mI Lidocaine 1% (n=10) p value
Overall sensory onset 8.75 [5-10] 5[5-7.5] 0.046
Overall motor onset 6.25[5-7.5] 5[2.5-7.5] 041
Overall onset of surgical anaesthesia 8.75[7.5-10] 6.25 [5-7.5] 0.03
Radial
Sensory 5[5-10] 5[2.5-7.5] 0.12
Motor 5[2.5-7.5] 3.75[2.5-5] 0.55
Ulnar
Sensory 6.25 [5-7.5] 5[2.5-5] 0.12
Motor 5[2.5-7.5] 5[2.5-7.5] 0.87
Median
Sensory 6.25 [5-10] 5[2.5-5] 0.03
Motor 5[2.5-7.5] 5[2.5-5] 0.93
Musculocutaneous
Sensory 5[5-10] 3.75[2.5-5] 0.10
Motor 3.75[2.5-5] 5[2.5-5] 0.87
Values are Median [IQR] expressed in min
Table IV. Sensory and Motor Block Duration
Group 2% (n=10) Group 1% (n=10) p value
Overall sensory duration 171.6£7.1 1584217 0.08
Overall motor duration 165.1+3.9 150.9=17.2 0.02
Overall duration of surgical anaesthesia 165.1£59 150.9£172 0.02
Radial nerve
Sensory 176.1%3.7 167.40=20.4 0.20
Motor 170.1+72 158.4=18.6 0.08
Ulnar nerve
Sensory 174.6=3.6 168.9=22 4 0.44
Motor 168.6+8.0 158.4+19.7 0.15
Median nerve
Sensory 173.1+59 162.9+19.9 0.14
Motor 168.1+74 152.4+15.4 0.01
Musculocutaneous nerve
Sensory 173.1+7.8 161.4+19.9 0.10
Motor 166.6 7.3 152.4+204 0.05
Values are Mean+SD. expressed m min
Table V. Block performance data
Group 2% (n=10) Group 1% (n=10) p value
Imaging time. min (A) 2505 2406 0.70
Needling time, min (B) 8§5=12 6.7=09 0.002
Performance time. mins (A+B) 109=13 91035 0.001
No. needle passes 10523 T2=1.0 0.001
Vascular puncture, n (%) 2(20) 1(10) 0.53
Paraesthesia. n (%) 4(40) 2 (20) 0.48

Continuous variables are presented as mean + SD. categorical variables as count/or percentage.
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Fig 2. Overall onset of block. The honizontal black line repre-
sents the median, the box represents the interquartile range, and
the vertical lines show the lowest and highest values. *p = 0.02

resulted in shorter overall onset time and subsequent
shorter duration of ultrasound guided axillary brachial
plexus block. While the shorter onset may be advanta-
geous and desirable in clinical settings with high volume
activity and quick turnover. it appears to come at the ex-
pense of a shorter duration of block which should be both
anticipated and managed appropriately.

In theory. both concentration and volume of the peri-
newral injectate can influence the characteristics of the
nerve block. Higher concentrations may shorten the on-
set time by facilitating the diffusion of local anaesthetic
molecules into the nerve [9], while larger volumes may
influence the block onset time by promoting injectate
spread around neural structures [11]. However, how the
volume/concentration ratio at a fixed local anaesthetic
dose affects the characteristics of a nerve block. remains
unclear. Previous studies yielded inconsistent results
with respect to success rate. onset time and duration of
the block [8-17]. Several factors such as local anaesthetic

volume/coneentration ratio, anatomical site of injection
and the nerve locating technique used in the study might
have contributed to the variable results.

For the Labat approach to the sciatic nerve block us-
ing a single injection nerve stimulation technique. Ta-
boada et al observed that 20 mL of mepivacaine 1.5%
(vs 30 mL of mepivacaine 1%) improved the success rate
and shortened the onset time of both sensory and mo-
tor block [9]. The authors speculated that, because of the
size of seciatic nerve and the thickness of epineurium it
would require a large concentration gradient to facilitate
the diffusion of local anaesthetic molecules. In contrast,
Cappelleri et al, using a double injection nerve stimula-
tor technique for sciatic nerve block, found no difference
with respect to success rate. onset time and duration of
the block between 12 mL of mepivacaine 2% and 24 mL
of mepivacaine 1% [15]. They hypothesized that com-
pared to a single injection technique, the double injection
resulted in better distribution of local anaesthetic around
each component of the peripheral nerve and with this,
the effect of local anaesthetic volume/concentration ra-
tio become secondary to the regional nerve localisation
technique.

Similarly, few studies have evaluated the effect of al-
tering the volume and concentration of a fixed local an-
aesthetic dose for the brachial plexus block. Krenn et al
suggested that higher volume of ropivacaine resulted in
faster onset of motor block for a single injection axillary
block. where loose connective tissue surrounds the bra-
chial plexus [11]. In contrast, studies where the axillary
block was performed vsing the multiple injection nerve
stimulator technique [13] and infraclavicular block using
ultrasound [14]. did not show any difference with respect
to block success rate and onset time. In our study., overall
onset of surgical anaesthesia was faster using a higher
volume when compared to a lower volume (identical
dose), and this was mainly reflective of the onset of senso-
1y but not motor component of the block. The difference
in the result could be explained by the technique used
to locate the target nerves. We performed the ultrasound
guided axillary brachial plexus block having identified
all four terminal nerves with the precise endpoint consist-
ing of circumferential perineural spread of local anaes-
thetic, and not using a single or multiple nerve stimula-
tion, or ultrasound guided perivascular approach [3.18].

Interestingly, and perhaps counterintuitively, the in-
jection of the lower volume resulted in a longer block
performance time. This is likely due to the requirement
for a more precise needle tip positioning and subsequent
adjustment in order to achieve circumferential spread
around each of the four terminal nerves while having a
limited injectate volume at disposal.
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Our study is limited inter alia by the small sample
size. Although we found differences between groups in
terms of both onset time and duration of block, these re-
sults cannot be generalised to other local anaesthetics,
techniques and peripheral injection sites due to varia-
tion in the anatomical architecture surrounding nerves
[19-21]. It has been demonstrated that, using a multiple
injection technique for a humeral canal block. higher
volume and lower concentration of levobupivacaine im-
proved the sensory block quality and success rate [16].
In contrast. ultrasound guided intersealene block resulted
in faster onset of block using lower volume and higher
concentration of ropivacaine [17].

In conclusion, when compared to 20 mL of lido-
caine 2% with epinephrine, 40 mL of lidocaine 1% with
epinephrine resulted in faster overall onset and shorter
duration of surgical anaesthesia following an ultrasound
guided axillary brachial plexus block. Further studies
are required to determine whether these results can be
extrapolated to other local anaesthetics and anatomical
injection sites.
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Appendix II. Original data.

1. Chapter 3 original data

Patient characteristics

Subject Group Age,y Sex M/F | BMI, ASA Duration | Site of
Kg/m? of surgery
surgery,
mins

1 1 59 M 27 I 18 Wrist
2 1 32 F 22.6 I 79 Hand
3 1 37 M 24 I 65 Wrist
4 2 82 F 28.2 II 50 Wrist
5 2 80 F 28.2 II 45 Wrist
6 1 26 M 30.1 I 90 Wrist
7 2 25 M 24.7 I 45 Hand
8 2 22 F 28.1 I 75 Wrist
9 2 73 F 25.7 II 60 Wrist
10 1 61 M 22.7 11 45 Wrist
11 2 52 F 29.4 11 65 Wrist
12 1 31 M 26.7 11 40 Wrist
13 2 41 F 26.3 11 60 Wrist
14 1 38 F 224 11 60 Wrist
15 1 31 M 22.9 I 45 Wrist
16 1 50 F 28.1 11 45 Wrist
17 2 59 F 21.7 11 60 Wrist
18 2 19 M 29.1 I 40 Hand
19 1 59 F 24.5 I 60 Wrist
20 2 24 M 24.1 I 60 Hand
21 2 62 F 224 I 55 Wrist
22 2 73 M 335 I 60 Wrist
23 2 30 M 24.7 I 45 Forearm
24 1 59 F 26.3 I 50 Wrist
25 2 59 F 30.1 11 60 Wrist
26 1 69 F 25.3 11 75 Wrist
27 2 45 M 24.2 I 50 Wrist
28 1 72 F 22.1 11 75 Wrist
29 1 56 M 324 11 35 Wrist
30 1 54 F 28.1 I 45 Hand

Group 1=10 mL; Group 2= 30 mL

y = years; M=male; F=female; BMI= body mass index; ASA=American Society of

Anaesthesiologist physical status grading
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Sensory and motor block onset times of individual nerves in mins

Subject | Group | RN [ RN | UN | UN | MN | MN | MCN | MCN | Overall | Overall
S M S M S M S M Sensory | Motor

1 1 10 (20 |10 |10 |10 10 10 5 10 20
2 1 15 |10 |10 |10 |15 10 5 5 15 10
3 1 15 |10 |15 |15 |15 10 5 5 15 10
4 2 15 |5 5 5 15 5 15 15 15 15
5 2 5 5 5 5 5 5 5 5 5 5
6 1 30 |25 |10 |10 |5 25 30 10 30 25
7 2 5 5 5 5 10 5 5 5 10 5
8 2 10 |15 |5 10 | 10 5 5 5 10 15
9 2 15 |5 5 5 5 5 5 5 15 5
10 1 20 |15 |15 |10 |15 5 10 10 20 15
11 2 10 |5 5 5 10 5 10 5 10 5
12 1 15 |10 |15 |10 |15 10 15 5 15 10
13 2 15 |5 15 |5 5 5 5 5 15 5
14 1 15 |5 15 |15 |10 10 15 15 15 15
15 1 5 5 5 10 |5 10 5 5 5 10
16 1 10 |5 5 5 5 5 5 5 10 5
17 2 5 5 5 5 5 5 5 5 5 5
18 2 5 5 5 10 |5 5 5 10 5 10
19 1 5 5 5 5 5 5 5 10 5 10
20 2 5 5 5 5 5 5 5 5 5 5
21 2 5 5 5 5 5 5 5 5 5 5
22 2 15 |15 |15 |15 |10 10 10 10 15 15
23 2 5 5 5 5 10 10 5 5 10 10
24 1 15 |15 |10 |10 |15 15 10 10 15 15
25 2 5 5 5 5 5 5 5 5 5 5
26 1 15 |10 |5 10 |10 10 10 5 15 10
27 2 10 |10 |10 |10 |5 5 5 5 10 10
28 1 10 |5 10 |5 10 5 10 5 10 5
29 1 10 |10 |10 |15 |15 15 10 10 15 15
30 1 15 |15 |10 |15 |15 15 10 10 15 15

Group 1=10 mL; Group 2= 30 mL; RN= radial nerve; UN=ulnar nerve; MN=median nerve;

MCN=musculocutaneous nerve; S=sensory; M=motor
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Sensory and motor block duration of individual nerves in mins

Subject | Group | RN | RN | UN [ UN [ MN | MN | MCN | MCN | Overall | Overall
S M S M S M S M Sensory | Motor
1 1 193 | 238 | 223 | 238 | 178 | 238 | 238 238 178 238
2 1 187 | 187 | 202 | 202 | 187 | 187 | 202 202 187 187
3 1 140 | 140 | 155 | 155 | 140 | 140 | 155 155 140 140
4 2 205 | 205 | 205 | 205 | 205 | 205 | 235 235 205 205
5 2 170 | 204 | 179 | 194 | 179 | 179 | 164 164 164 164
6 1 151 | 166 | 151 | 166 | 151 | 166 | 166 166 151 166
7 2 280 | 280 | 295 | 280 | 265 | 265 | 265 250 265 250
8 2 180 | 225 | 201 | 225 | 180 | 210 | 225 225 180 210
9 2 250 | 265 | 235 | 250 | 265 | 265 | 250 250 235 250
10 1 152 | 152 | 137 | 152 | 137 | 152 | 137 152 137 152
11 2 230 | 245 | 245 | 260 | 245 | 260 | 230 245 245 245
12 1 185 | 185 | 185 | 185 | 170 | 185 | 185 185 170 185
13 2 170 | 185 | 170 | 170 | 185 | 185 | 185 170 170 170
14 1 165 | 180 | 165 | 180 | 180 | 195 | 165 180 165 180
15 1 202 | 202 | 172 | 172 | 172 | 202 | 202 172 172 172
16 1 128 | 128 | 143 | 143 | 143 | 143 | 143 143 128 128
17 2 205 | 220 | 220 | 235 | 220 | 235 | 205 235 205 220
18 2 218 | 218 | 188 | 188 | 188 | 188 | 188 188 188 188
19 1 154 | 154 | 154 | 154 | 169 | 169 | 169 169 154 154
20 2 167 | 182 | 182 | 197 | 167 | 182 | 182 182 167 182
21 2 175 | 175 | 175 | 190 | 175 | 175 | 190 190 175 175
22 2 173 | 188 | 188 | 188 | 173 | 188 | 188 188 173 188
23 2 195 | 195 | 195 | 210 | 195 | 195 | 195 210 195 195
24 1 165 | 180 | 180 | 180 | 180 | 165 | 165 180 165 165
25 2 199 | 199 | 214 | 214 | 214 | 214 | 214 214 199 199
26 1 147 | 147 | 162 | 147 | 147 | 147 | 147 162 147 147
27 2 175 | 175 | 175 | 175 | 190 | 175 | 175 175 175 175
28 1 142 | 142 | 142 | 142 | 142 | 142 | 142 157 142 142
29 1 172 | 172 | 187 | 187 | 187 | 187 | 172 187 172 172
30 1 165 | 180 | 165 | 165 | 165 | 180 | 165 165 165 165

Group 1=10 mL; Group 2= 30 mL; RN= radial nerve; UN=ulnar nerve; MN=median nerve;

MCN=musculocutaneous nerve; S=sensory; M=motor
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Time to first request of postoperative analgesia in mins ( TTFRA)

Subject Group TTFRA
1 1 256
2 1 192
3 1 165
4 2 Ni
5 2 384
6 1 170
7 2 Ni
8 2 290
9 2 Ni
10 1 160
11 2 300
12 1 Ni
13 2 200
14 1 190
15 1 Ni
16 1 263
17 2 Ni
18 2 Ni
19 1 186
20 2 222
21 2 325
22 2 243
23 2 Ni
24 1 Ni
25 2 225
26 1 190
27 2 Ni
28 1 157
29 1 330
30 1 180

Group 1=10 mL; Group 2= 30 mL
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2. Chapter 4 original data

Patient characteristics

Subject Group Age, y Sex, M/F | BMI, ASA Duration | Site of
Kg/m? of surgery
surgery,
mins
1 2 62 M 22.1 11 50 Wrist
2 1 79 F 24.6 11 60 Wrist
3 1 36 M 25.4 I 55 Wrist
4 2 26 M 27.4 I 45 Hand
5 2 66 M 33.1 11 60 Wrist
6 1 35 M 28.4 I 50 Hand
7 2 47 M 22.8 II 55 Hand
8 1 45 M 28.4 I 60 Hand
9 2 58 F 24.4 II 70 Wrist
10 1 24 M 24.8 I 75 Wrist
11 2 55 M 20.9 II 90 Wrist
12 1 54 M 27.3 I 80 Hand
13 1 35 M 29.3 II 60 Hand
14 2 21 M 23.1 I 45 Wrist
15 2 37 F 22.6 I 65 Wrist
16 2 63 M 27.3 I 65 Hand
17 1 61 F 22.2 I 70 Wrist
18 1 30 M 24.8 I 65 Hand
19 2 45 M 22.1 I 40 Hand
20 1 69 F 18.4 I 45 Wrist

Group 1=2%; Group 2= 1%

y = years; M=male; F=female; BMI= body mass index; ASA=American Society of

Anaesthesiologist physical status grading
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Sensory and motor block onset times of individual nerves in mins

Subject | Group | RN | RN [ UN [ UN | MN | MN | MCN | MCN | Overall | Overall | Overall
S M S M S M S M Sensory | Motor | onset
onset onset of
block
1 2 5 75 |5 75 |5 75 |25 5 5 7.5 7.5
2 1 5 25 |5 25 |5 25 |5 2.5 5 2.5 5
3 1 5 5 5 25 |5 25 |5 2.5 5 5 5
4 2 75 |5 75175 |5 75 |5 5 7.5 7.5 7.5
5 2 25|75 |25 |75 |5 75 |5 7.5 5 7.5 7.5
6 1 10 |75 |75 |75 |75 |5 10 10 10 10 10
7 2 5 5 5 5 25 |5 5 5 5 5 5
8 1 10 |75 |75 |5 75 |5 5 5 10 7.5 10
9 2 25125 |25 |25 |25 |5 2.5 2.5 2.5 5 5
10 1 5 5 75 |5 5 75 |5 5 5 7.5 7.5
11 2 75125 |75 ]25 |75 |25 |75 2.5 7.5 2.5 7.5
12 1 20 | 225 |15 | 125 |15 |125 |15 125 |20 22.5 22.5
13 1 25125 |25 |5 10 |5 25 5 10 5 10
14 2 25125 |25 |75 |5 75 |5 7.5 7.5 7.5 7.5
15 2 25125 |5 25 |25 |25 |25 2.5 5 2.5 5
16 2 25125 |5 25 |25 |25 |25 2.5 5 2.5 5
17 1 10 |25 |5 25 |10 |25 |10 2.5 10 2.5 10
18 1 5 5 5 25 |5 75 |5 2.5 5 7.5 7.5
19 2 5 5 5 5 5 5 2.5 5 5 5 5
20 1 5 25 |75 |5 25 |25 |25 2.5 2.5 5 7.5

Group 1=2%; Group 2= 1%; RN= radial nerve; UN=ulnar nerve; MN=median nerve;

MCN=musculocutaneous nerve; S=sensory; M=motor
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Sensory and motor block duration of individual nerves in mins

Subject | Group | RN [ RN | UN | UN | MN | MN | MCN | MCN | Overall | Overall | Overall
S M |S M |S M S M Sensory | Motor | duration
of block
1 2 153 | 138 | 153 | 138 | 138 | 138 | 153 138 138 138 138
2 1 180 | 165 | 180 | 165 | 180 | 165 | 180 165 180 165 165
3 1 175|175 | 175|175 | 175 | 175 | 175 175 175 175 175
4 2 186 | 171 | 201 | 171 | 186 | 171 | 186 171 186 171 171
5 2 211|196 | 211 | 196 | 196 | 181 | 196 196 196 181 181
6 1 171|162 | 177 | 177 | 177 | 162 | 177 162 177 162 162
7 2 163 | 163 | 163 | 163 | 163 | 148 | 148 148 148 148 148
8 1 183 | 183 | 168 | 168 | 168 | 183 | 183 168 168 168 168
9 2 142 | 142 | 142 | 127 | 142 | 142 | 142 127 142 127 127
10 1 175|175 | 175|160 | 175 | 160 | 160 160 160 160 160
11 2 184 | 169 | 184 | 169 | 184 | 169 | 184 | 169 184 169 169
12 1 172 | 172 | 172 | 172 | 172 | 172 | 172 172 172 172 172
13 1 179 1 169 | 179 | 179 | 179 | 164 | 179 179 179 164 164
14 2 165 | 165 | 165 | 165 | 165 | 150 | 150 150 150 150 150
15 2 160 | 160 | 160 | 160 | 145 | 145 | 160 145 145 145 145
16 2 155 | 140 | 155 | 155 | 155 | 140 | 140 140 140 140 140
17 1 174 | 174 | 174 | 174 | 174 | 169 | 174 | 169 174 169 169
18 1 17111711171 | 156 | 171 | 171 | 171 156 171 156 156
19 2 155 | 140 | 155 | 140 | 155 | 140 | 155 140 155 140 140
20 1 175] 160 | 175 | 160 | 160 | 160 | 160 160 160 160 160

Group 1=2%; Group 2= 1%; RN= radial nerve; UN=ulnar nerve; MN=median nerve;

MCN=musculocutaneous nerve; S=sensory; M=motor
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Block performance data

Subject | Group | Imaging | Needling | Performance | Needle | Vascular | Parasthesia,
time, time, time, mins passes, | puncture, | n
mins (A) | mins (B) | (A+B) n n
1 2 3 6 9 8 0 0
2 1 2.5 9.5 12 12 0 0
3 1 2.58 9.5 12.08 13 0 0
4 2 2.45 6.75 9.2 7 0 1
5 2 1.66 6.84 8.5 7 0 0
6 1 1.66 8.42 10.08 13 1 1
7 2 3 5 8 8 0 0
8 1 2 7 9 8 0 0
9 2 2.5 6.5 9 8 0 1
10 1 2.25 10.75 13 14 0 2
11 2 2 7.8 9.8 8 0 0
12 1 2.5 7.5 10 9 1 1
13 1 2 8 10 8 0 0
14 2 1.03 8.27 9.3 7 1 0
15 2 2.5 7 9.5 6 0 0
16 2 3 6 9 5 0 0
17 1 3 7 10 9 0 0
18 1 3 9 12 8 0 0
19 2 2.5 7 9.5 8 0 0
20 1 3.16 8 11.6 11 0 1

Group 1=2%; Group 2= 1%
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3. Chapter 5 original data set

Patient characteristics

Subject Group Age, y Sex M/F | BMI, ASA Duration Site of
Kg/m? of surgery, | surgery
mins

1 2 41 F 24.4 11 74 Wrist
2 2 38 M 25.3 I 21 Hand
3 1 61 M 25.4 I 93 Wrist
4 1 43 M 25.2 I 69 Wrist
5 2 28 M 24 I 83 Hand
6 2 36 F 25.7 I 68 Wrist
7 1 48 F 29.4 I 80 Hand
8 2 54 F 30.1 II 60 Wrist
9 2 41 M 25.9 I 70 Hand
10 1 42 M 28.1 I 75 Wrist
11 1 22 M 25.1 I 65 Wrist
12 1 45 F 25.6 I 65 Wrist
13 2 49 M 25.8 II 60 Hand
14 1 52 F 22.7 II 75 Hand
15 1 41 F 23.3 I 45 Wrist
16 2 42 M 25.8 I 65 Wrist
17 1 29 F 25.6 I 45 Wrist
18 1 47 M 26 11 65 Wrist
19 2 51 F 21.7 11 50 Wrist
20 2 55 M 26.6 11 60 Hand
21 1 32 M 26.3 I 45 Wrist
22 1 35 M 26.9 11 45 Wrist
23 2 42 M 26.2 I 70 Forearm
24 2 31 M 27.8 I 60 Wrist

Group 1 = 20 mL of lidocaine 2% plus 1:200,000 epinephrine and 2 mL of 0.9% normal
saline.
Group 2= 20 mL of lidocaine 2% plus 1:200,000 epinephrine and 2 mL of clonidine 1

Hg/kg in 0.9% normal saline

y = years; M=male; F=female; BMI= body mass index; ASA=American Society of

Anaesthesiologist physical status grading
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Sensory and motor block onset times of individual nerves in mins

Subject | Group | RN | RN [ UN | UN | MN | MN | MCN | MCN | Overall | Overall | Overall
S M |S M | S M S M Sensory | Motor | onset

of
block

1 2 5 5 5 5 5 5 5 5 5 5 5

2 2 25 |25 |25 |25 |25 |25 |5 5 5 5 5

3 1 75 |5 10 |75 ]10 |75 |75 5 10 7.5 10

4 1 10 |75]10 |75 |75 |75 |75 7.5 10 7.5 10

5 2 75 |5 5 5 75 |5 7.5 5 7.5 5 7.5

6 2 25 |25 |25 |25 |25 |25 |25 2.5 2.5 2.5 2.5

7 1 15 |5 25 25 |125|75 |10 2.5 15 7.5 15

8 2 75 |5 75 |5 75 |5 7.5 5 7.5 5 7.5

9 2 75 |5 75 |5 75 |5 7.5 2.5 7.5 5 7.5

10 1 10 |75]10 |75 ]125]75 |10 7.5 12.5 7.5 12.5

11 1 75 |5 75 |5 10 125|175 2.5 10 12.5 12.5

12 1 125|565 10 |5 125 |5 7.5 5 12.5 5 12.5

13 2 5 25175125 |5 25 |5 2.5 7.5 2.5 7.5

14 1 5 5 5 5 75 |5 7.5 5 7.5 5 7.5

15 1 5 25175 |5 75 |25 |75 2.5 7.5 5 7.5

16 2 25 |25 |5 25 |5 5 2.5 2.5 5 5 5

17 1 10 |75|75 |5 75 |5 5 5 10 7.5 10

18 1 10 | 75110 |75 |75 |5 5 5 10 7.5 10

19 2 5 5 5 5 5 25 |25 5 5 5 5

20 2 75 |75 |5 5 75 |5 5 7.5 7.5 7.5 7.5

21 1 125 |5 75 |5 5 5 10 7.5 12.5 7.5 12.5

22 1 75 |75 |75 |5 75 |5 7.5 2.5 7.5 7.5 7.5

23 2 5 25 |5 25 |5 25 |5 2.5 5 2.5 5

24 2 5 25 |5 25 |5 25 |5 2.5 5 2.5 5

RN= radial nerve; UN=ulnar nerve; MN=median nerve; MCN=musculocutaneous nerve;

S=sensory; M=motor
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Sensory and motor block duration of individual nerves in mins

Group | RN | RN [ UN | UN | MN | MN | MCN | MCN | Overall | Overall | Overall
Subject S M |S M |S M |S M Sensory | Motor | duration
of block
1 2 249 | 249 | 249 | 249 | 249 | 249 | 264 | 264 | 249 249 249
2 2 201 | 186 | 201 | 186 | 201 | 201 | 216 | 201 201 186 186
3 1 188 | 188 | 188 | 188 | 188 | 188 | 203 | 203 188 188 188
4 1 165 | 180 | 180 | 180 | 165 | 165 | 165 165 165 165 165
5 2 273 | 273 | 273 | 273 | 273 | 273 | 273 | 273 273 273 273
6 2 228 | 228 | 228 | 228 | 228 | 228 | 228 | 228 228 228 228
7 1 195|180 | 210 | 195 | 195 | 210 | 195 195 195 180 180
8 2 180 | 180 | 180 | 180 | 180 | 180 | 180 180 180 180 180
9 2 233 | 233 | 233 | 233 | 233 | 233 | 233 | 233 233 233 233
10 1 195|195 | 195 | 195 | 195 | 195 | 195 195 195 195 195
11 1 136 | 151 | 136 | 136 | 151 | 151 | 151 151 136 136 136
12 1 150 | 150 | 150 | 150 | 150 | 150 | 150 150 150 150 150
13 2 178 | 223 | 178 | 223 | 178 | 223 | 178 | 223 178 223 178
14 1 133|133 | 118 | 133 | 118 | 118 | 118 118 118 118 118
15 1 206 | 191 | 206 | 191 | 191 | 191 | 206 191 191 191 191
16 2 198 | 198 | 198 | 198 | 198 | 213 | 213 | 213 198 198 198
17 1 184 | 184 | 184 | 184 | 184 | 199 | 184 | 199 184 184 184
18 1 186 | 186 | 186 | 171 | 186 | 186 | 186 171 171 171 171
19 2 225 | 225 | 240 | 225 | 225 | 225 | 240 | 225 225 225 225
20 2 225 | 225 | 225 | 225 | 240 | 225 | 240 | 225 225 225 225
21 1 146 | 146 | 161 | 146 | 161 | 161 | 161 161 146 146 146
22 1 160 | 160 | 175 | 175 | 175 | 160 | 175 160 160 160 160
23 2 227 | 227 | 242 | 227 | 242 | 242 | 242 | 227 227 227 227
24 2 217 | 217 | 217 | 232 | 232 | 217 | 232 | 217 217 217 217

RN= radial nerve; UN=ulnar nerve; MN=median nerve; MCN=musculocutaneous nerve;

S=sensory; M=motor
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Time to first request of postoperative analgesia in mins ( TTFRA)

Subject Group TTFRA
1 2 290
2 2 Nil
3 1 Nil
4 1 200
5 2 315
6 2 618
7 1 510
8 2 Nil
9 2 Nil
10 1 295
11 1 154
12 1 210
13 2 Nil
14 1 143
15 1 Nil
16 2 Nil
17 1 241
18 1 208
19 2 Nil
20 2 320
21 1 Nil
22 1 Nil
23 2 Nil
24 2 Nil
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Systolic blood pressure changes (mmHQ)

Subject

Group
2

NN ERERPRONNRRRNRERENRRERRONRENN RPN

Baseline

121
118
122
133
134
138
141
142
143
124
136
137
129

5
136
125
124
121
121
118
134
127
124
122
124
122
133
120
132
136
124

125
121
120
133
118
135

10
131
129
130
135
122
133
138

15
121
118
126
112
134
138
136

125

20
124
126
128
131
135
133
132
136
135
131
128
133
121
122
134
128
128
120
133
129
127
124
129
126

25
118
131
137
133
133
136
133
125
133
131
132
129
138
125
121
134
118
134
138
137
138
131
129
129

30
131
132
120
132
136
136
124
125
121
136
120
136
118
125
121
134
118
134
138
142
138
142
118
131

35

121
129
127
132
134
129
130

Diastolic blood pressure changes (mmHg)

Subject ~ Group

1

© o~ > G w N

1
12
13
14
15
16
1w
18
19
20
21
2
23
24

2

R R L R e e N L U il LS I AL SR Y

Baseline

81
64
77
64
64
74
64
i
77
72
77
64
69
77
64
74
64
74
64
64
8
79
72
77

5
79
81
66
64
77
1
67
69
66
1
73
74
69
58
73
3
74
76
7%
76
73
8
i
72

10

72
1
72
77
69
72
64
74
76
77
64
64
m
i
m
7%
81
8
74
1
77
81
1
71

20
81
74
72
77
1
69
64
72
74
77
72
77
76
64
77
77
64
64
64
58
77
77
58
58

25

67
69
77
64
77
58
77
1
58
77
64
77
77
72
m
i
64
77
74
i
64
64
77
77

35
58
3
i
64
74
69
i
3
8
72
77
64
79
77
64
69
64
69
77
64
3
74
64
1

40
125
120
134
129
118
134
126
138
142
133
134
132
131
126
127
134
126
120
138
142
132
124
118
134

40
74
75
77
64
3
74
58
69
3
2
77
64
8
i
64
79
64
74
69
58
74
76
68
1

45

125
121
128
124
118
134
128
138
142
131
128
133
143
137
125
129
118
122
131
132
133
136
143
132

45
64
74
m
64
7
64
7
m
64
72
m
64
74
77
64
76
64
64
mn
72
m
64
71
58

50

55

125
121
128
124
118
134
128
138
142
131
128
133
143
137
125
129
118
122
131
132
133
136
143
132

55
81
64
m
64
64
74
64
m
m
2
m
64
69
m
64
74
64
74
64
64
8
79
n
m

60
121
118
118
128
134
138
118
142
143
126
131
137
129
125
118
131
122

132
136
136
125
118
128

60
73
69
m
64
69
64
m
69
69
7
m
64
81
m
64
64
64
64
69
74
74
58
m
64

90
136
125
113
137
121
118
134
134
138
131
129
117
142
119
120
124
132
124
120
133
135
120
129
129

90

120
121
118
125
120
134
138
128

143
125
131
137
129
125
118
131
122
133
132
136
136
125
118
126

120
58
73
m
64
74
76
m
73
8
2
m
64
79
m
64
81
64
m
m
69
7%
74
69
58

150
118
120
128
118
129

127

150
64
74
72
i
74
76
64
74
72
m
64
64
i
74
72
64
i
64
i
64
m
64
64
74

180
121
118
127
134
134
138
131
142
143
133
138
137

125
118
131
122
133
132
136
136
125
141
122

180

210

240
64
64
72
m
74
74
64
76
74
i
64
64
72
74
74
i
76
74
64
m
64
77
64
64

149

240
125
120
134
129
118
134
126
138
142
133
134
132
131
126
127
134
126
120
138
142
132
124
118
134

64
74
72
77
74
76
64
74
73
77
64
64
74
74
74
69
76
74
73
8
m
64
79
69



Heart rate changes

Subject Group ~ Baseline
1 2 m
2 2 76
3 1 75
4 1 74
5 2 72
6 2 73
7 1 75
8 2 7
9 2 71
10 1 73
1 1 76
12 1 77
13 2 7
14 1 75
15 1 73
16 2 65
17 1 77
18 1 7
19 2 76
20 2 m
21 1 I
22 1 70
23 2 76
24 2 78
SpO2 changes
Subject  Group  Baseline

1 2 97
2 2 96
3 1 96
4 1 97
5 2 96
6 2 96
7 1 97
8 2 97
9 2 97
10 1 96
1 1 96
12 1 97
13 2 97
14 1 97
15 1 97
16 2 96
17 1 97
18 1 96
19 2 97
20 2 96
2 1 96
2 1 97
23 2 97
% 2 96

5

5

%
97
a7
%
97
97
97
%
%
%
97
%
97
%
a7
%
%
97
97
97
%
%
%
%

10
75
75
7
i
70
69
7
69
7
7
75
7
69
n
69
70
7
69
78
7
76
75
7
7

10

%
96
%
97
%
%
%
97
%
%
97
97
97
%
%
97
%
9%
97
97
%
%
%
9%

20
9%
96
%
%
93
%
97
%
97
93
%
%
97
9%
9%
%
97
9%
97
97
%
%
97
9%

25

)
9%
97
97
%
%
97
97
%
%
97
%
97
%
%
%
%
9%
97
%
%
9%
97
%

76
73
76
8
7
73
76
75
7

75
70
n
69
n
7
75
69
8
76
m
76
m
70

35
9%
9%
%
%
9%
97
97
97
%
%
%
%
%
9%
%
%
97
)
97
97
97
%
97
%

40

40
9%
%
%
%
9%
97
97
97
9%
9%
%
%
%
9%
9%
%
97
9%
97
97
97
%
97
%

45
70
76
8
75
69
69
8
7
70
70
75
75
65
70
70
69
74
71
8
78
7
n
81
75

45
%
%
%
97
9%
97
%
97
97
9%
97
97
97
9%
%
%
97
97
97
97
97
%
%
%

50

50

55

55
%6
a7
96
96
96
97
%6
96
a7
97
9
97
%6
96
96
97
96
9%6
%6
a7
97
96
96
97

60

60

76
75
m
75
69
n
76
n
2
70
75
75
n
67
70
69
8
7
74
79
74
75
74
m

97
96
%6
97
96
96
97
a7
a7
%6
96
97
9
a7
a7
96
9
%6
9
%6
%6
97
97
9%6

90

90

120

120

%6
a7
a7
97
%6
9
a7
a7
%6
9%
97
a7
9
a7
a7
%6
97
9
a7
%6
a7
97
9
a7

150

150

7
I3
73
7
69
7
73
7
70
I3
76
70
70
7
76
69
7
i
78
5
7
5
8
%

9%
95
%
%6
9%
97
a7
a7
%6
9%
%6
%6
%
%6
%6
%6
97
9%
a7
97
a7
%
97
%6

180

180

20 240
7 i
74 73
69 70
1 78
66 69
1 78
7 73
1 78
69 69
) n
n 70
75 7
69 n
73 75
69 7
n 69
75 %
n 70
78 69
7 I
75 i
) n
78 78
m i

A0 240

% %
% %
9% 97
97 9%
% %
97 97
% 9%
97 97
97 97
% 97
9 9%
9 %
97 9%
9% 97
9% 9%
% 9%
9 %
97 %
97 9%
97 9%
97 9%
% %
% %
% 97

150



Sedation score

10 15 20 2 30 3% 40 45 50 55 60 90 120 150 180 210 240

5

Baseline

Subject ~ Group

2

1

10
11
12
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15
16
17
18
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21

22
23
24

151



